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Abstract
This paper reviews empirical work on cognitive and social
learning contributions to the etiology and treatment of
illness behavior associated with functional abdominal
pain and inflammatory bowel disease. A particular
emphasis is placed on randomized controlled trials,
the majority of which are multi-modal in orientation,
incorporating elements of cognitive behavioral therapy,
social learning, and relaxation. Based on this review,
we offer methodological and clinical suggestions: (1)
Research investigations should include adequate sample
sizes, long-term follow-up assessments, and a credible,
active control group. (2) Standard gastrointestinal practice
should include, when appropriate, learning opportunities
for patients and family members, for example, instruction
regarding the encouragement of wellness behavior.
© 2007 The WJG Press. All rights reserved.
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SOCIAL LEARNING CONCEPTUALIZATION
OF ILLNESS BEHAVIOR
How people react to health conditions, both acute

and chronic, has sometimes been described as "illness
behavior" [1]. Inappropriate illness behavior has several
forms. In one extreme, an individual may fail to notice
sensations indicative of a serious condition requiring
attention or refuse to let even serious symptoms interrupt
his or her normal routine. The other extreme may involve
misinterpreting normal somatic sensations as symptoms
of disease and seeking unnecessary medical treatment
for minor complaints. Both ends of the continuum are
of concern to health care providers: Denial may lead
individuals to postpone diagnostic investigations, or not
engage in activities, which would improve well-being.
Preoccupation with illness, on the other hand, creates
a costly burden on the individual and the health care
system[2]. In the case of children, inappropriate parental
reactions to children's expressions of discomfort may
also contribute to a worsening of the disease experience
and possibly even worsening of the disease itself[3]. Our
research focuses on increasing appropriate and decreasing
inappropriate illness behaviors in response to somatic
sensations.
Social learning theory provides a strong conceptual
framework for understanding much of the development
and maintenance of illness behavior. In brief, behavior
and thoughts exist in a particular form because of an
individual's learning history. Thus, if we could know
someone's complete learning history, including every
experience (which of course, given the complexity of
human experience, is impossible), an individual's thoughts
and behavior would be recognized to be totally rational.
While the theory can get quite complex, a core principle is
the following: We internalize rules, or beliefs, which guide
us to seek rewards and avoid negative consequences. Some
patients may not have had the opportunity to learn beliefs
which would be most beneficial to them. Other patients
may operate under rules, which may have had some
rational basis in the past, but have now changed.
From this perspective, illness behaviors such as
effective coping strategies or somatic complaints may
be learned and maintained in large part because they
produce social rewards [4-7]. According to this model, a
patient's illness behaviors may result in increased positive
consequences for the patient, such as expressions of
support, caring, or concern, or decreased negative
events such as fewer demands for participation in taxing
household activities or chores. This model does not imply
that either direction of response indicates the symptoms
of illness are not present or "real", nor does it imply a
www.wjgnet.com
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conscious attempt to manipulate such contingencies.
Much of the empirical research examining this model
has been conducted with patients suffering from chronic
pain, where solicitous responses have been shown to be
related to increased pain, activity, and disability[8-12]. While
direct causal relationships are difficult to establish in such
research, this theoretical model may account in part for the
perpetuation of dysfunction and the excess disability seen
in many patients with chronic pain, and possibly other
chronic conditions, where the level of dysfunction appears
to exceed that expected from observed pathophysiology.

CHILDHOOD SOCIAL LEARNING EFFECTS
ON ADULT ILLNESS BEHAVIOR
Miller[13] and Whitehead[14,15] suggested that such learning
might occur during childhood if parents rewarded somatic
complaints and/or modeled illness behavior. Moreover,
the learning model predicts a relationship between the
specific somatic symptoms, which were rewarded during
childhood, and the symptoms reported as an adult.
Turkat[16] found evidence for the effect of modeling in
diabetic patients, patients with chronic headaches[17] and in
a small group of healthy subjects[18].
Several studies have interviewed adults about their
experiences as children, and found higher reported rates
of reinforcement and modeling for illness behavior during
childhood among adults with Irritable Bowel Syndrome
(IBS, a condition characterized by abdominal pain or
discomfort and altered bowel habits occurring in the
absence of underlying disease pathology) compared to
asymptomatic control groups[15,19-21].

CHILDHOOD SOCIAL LEARNING EFFECTS
ON CHILDHOOD ILLNESS BEHAVIOR
Our research provides evidence to support the effects of
social learning on childhood illness behavior in general,
and gastrointestinal symptoms in particular. Utilizing
a health maintenance organization (HMO) automated
database, we found that the children of adult IBS patients
made 25% more health care visits per year than the
children of control parents. Visits for gastrointestinal
complaints occurred more often in the children of IBS
parents, but GI-related visits made up only 22% of the
excess health care visits[22].
In a subsequent prospective study[23], we also tested
whether children whose mothers sought medical care for
IBS during the two years prior to enrollment would show
more illness behavior than control children. We compared
the case children (i.e., children of women with IBS) to
the control children (i.e., children of mothers without
current symptoms or history of IBS), with respect to the
number and types of GI symptoms reported by the child.
We interviewed 296 case children from 208 families, and
335 control children. Measures of illness behavior were
numbers of symptoms (reported by children) and school
absences and medical clinic visits in the previous 3 mo
reported by their mothers. We found that case children
reported more bothersome gastrointestinal symptoms
www.wjgnet.com
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than control children, more frequent stomachaches, more
school absences for GI symptoms, and more physician
visits for gastrointestinal symptoms. These differences
remained significant after adjusting for potential mediators.
To test the hypothesis that the findings in these studies
could be explained by a genetic predisposition to illness,
we examined data from a twin registry containing 6060
twin pairs. Regression analysis showed that the presence of
IBS in the respondent's parents made a larger contribution
to the risk of having IBS than did the presence of IBS
in one's twin[24], and a study with a United Kingdom twin
database provided confirmation of the influence of social
learning over heredity in the development of IBS[25].
Further support for social learning comes from our
research into the relationship between specific parental
responses and children's behavior. We found that higher
levels of parental solicitousness in response to their
children's illness behaviors were related to key outcomes,
specifically, higher levels of children's symptoms and
disability as measured by school days missed[23]. Predictors
of maternal solicitousness, in turn, included several
maternal characteristics: non-Caucasian race, lower
educational status, not being married or partnered, and
perceiving the child's condition as more severe[26].
Other researchers have also explored the relationship
between children's pain and parental influences [27,28] .
Parents of children seen in a pediatric rheumatology clinic
reported high levels of pain[29]. Furthermore, children's
levels of pain were related to parents’ seeking treatment for
pain and parents’ pain-related interference with activities.
More recently, a study of parent-child interactions during
exercise tasks in children with fibromyalgia or with juvenile
rheumatoid arthritis as well as healthy controls, showed
that parental discouragement of coping in response to
child pain or task-related complaints was associated with
less time on task for all children[30].
The effects of the social environment on illness have
been heavily researched in some gastrointestinal disorders
in children. Stone and Barbero [31] and Oster [32] noted
that children with recurrent abdominal pain where no
physiological basis can be found are significantly more
likely than children without this condition to have parents
who complain of abdominal pain. Hill and Blendis [33]
reported that these children also come from large families
in which somatic complaints are more likely to have been
rewarded by attention. Our data support this[34].
Walker and her colleagues provide further support
for the importance of social learning processes in the
development of illness behavior. In studies of patients
referred to a pediatric gastroenterology clinic for evaluation of abdominal pain, Walker's group found that
these families were characterized by a higher frequency
of non-specific somatic symptoms [35], gastrointestinal
disorders, and other health problems[36] than was observed
in the families of well patients. Furthermore, there was a
significant positive association between severity of somatic
symptoms in recurrent abdominal pain patients and similar
symptoms in their parents[37]. This significant association
between child and parent symptoms held for both
maternal and paternal symptoms, suggesting that modeling
by either parent may play a role in the development of
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Table 1 Controlled trials of CBT in adults with irritable bowel syndrome
Authors
Corney et al[62] (1991)
Greene et al[64] (1994)
Payne et al[65] (1995)
Drossman et al[68] (2003)
Boyce et al[61] (2003)
Blanchard et al[66] (2007)
Kennedy et al[63] (2006)

Design
Sample size
CBT vs SMT. FU at 4 & 9 mo
42
CBT vs SMT. FU at 3 mo
20
CBT vs Self-help support group vs SMT. FU at 3 mo
34
CBT vs education, and desipramine vs placebo (parallel studies). No FU
431
CBT vs relaxation training vs SMT. FU at 12 mo
105
Group CBT vs Self-help support group vs SMT. FU at 3 mo
210
Multicenter primary care intervention by nurses. Open label. CBT
149
+ mebeverine vs mebeverine alone.

Outcome
CBT = SMT
CBT > SMT
CBT > Self-help > SMT
CBT > education; desipramine: placebo
CBT = Relaxation training = SMT
CBT = Support group > SMT
CBT + mebeverine >
Mebeverine alone at 3 & 6 mo FU

SMT: standard medical care with symptom self-monitoring; FU = follow up; Mebeverine: anticholinergic for inhibition of smooth muscle contractions.

the functional complaints characteristic of children with
chronic abdominal pain. Additional support for the effects
of modeling came in a subsequent study[38] in which higher
levels of paternal somatic symptoms were associated with
continuation of the children's somatic symptoms one year
following a clinic evaluation for recurrent abdominal pain.
Maternal somatic complaints also predicted symptom
continuation, but only for boys in families with high levels
of negative life events. Finally, in a laboratory study, Walker
recently found higher levels of pain complaints in children
whose parents were trained to give attention to symptom
talk, and the effect of this attention was more pronounced
in pain patients than well children[39].

COGNITIVE-BEHAVIORAL INTERVENTIONS
FOR CHRONIC SOMATIC PAIN IN ADULTS
Cognitive-behavioral interventions for chronic pain have
used a multimodal approach, which addresses symptomrelated cognitions, physiological arousal, and activity
restructuring. Compas et al[40] reviewed the empirical support
for these treatments for chronic pain. They concluded that,
based on studies meeting criteria for randomized controlled
treatment trials, operant-behavioral therapy and cognitive
behavioral therapy qualified as efficacious treatments in
decreasing disability, physical and psychological dysfunction,
and level of pain. When compared with wait-list, notreatment, or standard medical care control groups, operant
behavioral interventions produced improvements in
function[41-44], decreases in pain reports[42,43], and decreases
in medication use[42]. In controlled studies of patients with
chronic pain syndrome and low back pain, CBT resulted in
improved activity levels and psychological functioning[42,45-47]
and decreased pain reports[42,45,47].
More recent reviews of the literature provide additional
evidence that CBT reduces pain, distress, and improves
function in patients with chronic pain[48-50], and that intensive
multidisciplinary biopsychosocial rehabilitation improves
function and reduces pain in patients with chronic pain[51].
In a review of treatments for abdominal pain, Blanchard[52]
concluded that the empirical literature also supports the
positive effects of CBT in patients with IBS. More timelimited applications of CBT have also proven efficacious.
In a randomized controlled trial[53], a four session CBT
intervention resulted in significantly improved pain and
functioning in patients with chronic temporomandibular
joint disorder pain compared to controls, and these gains

were maintained at 6 and 12 mo follow-up. Evidence is
also accumulating that cognitive-behavioral interventions
result in improved outcomes in children and adolescents
with chronic pain[54,55], including pain due to specific medical
conditions such as sickle cell disease[56].
A common feature of these treatment programs has
been to incorporate the concepts of social learning theory
into the interventions by training the spouse, significant
other, or family member to increase positive responses
for coping strategies, activity and well behaviors, and to
reduce maladaptive solicitous responses to pain behaviors.
Involvement of the partner in behavioral treatments for
pain has long been recommended [6] and is frequently
incorporated into multidisciplinar y pain treatment
programs[57,58]. Several controlled studies have documented
that partner involvement in cognitive-behavioral treatment
resulted in significant improvement in psychological and
physical functioning in patients with chronic arthritic
pain[59,60].

COGNITIVE-BEHAVIORAL STUDIES ON
THE TREATMENT OF FUNCTIONAL
GASTROINTESTINAL DISEASES
Table 1 summarizes controlled trials of CBT in adults
with IBS. The majority of studies which have compared
CBT to standard medical care (SMT)[61-63] or SMT plus
symptom self-monitoring while waiting to receive CBT
treatment[64-66], have found CBT to be superior, although
the trials by Corney et al[62] and Boyce et al[61] are exceptions.
However, caution should be exercised in interpreting this
as strong evidence for the efficacy of CBT, since there
is reason to believe that randomizing patients to receive
SMT who have previously failed to respond to SMT, or
assigning them to monitor symptoms while waiting to
receive treatment, creates a negative expectation for benefit
and tends to exaggerate differences between groups[67].
Three adult studies compared CBT to an active
control group: The Drossman study[68] showed CBT to be
superior to an educational control when outcomes were
evaluated at the end of treatment; however, no follow-up
data have been reported. Two studies[65,66], both from the
same group, compared CBT to a self-help support group,
which has a high degree of credibility for IBS patients.
One of these studies showed CBT to be superior to the
support group[65], but the total sample size was relatively
www.wjgnet.com
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Table 2 Pediatric intervention studies for children with recurrent abdominal pain
Authors

Sample

Intervention

Design

# sessions Comparison sample Outcome for intervention group relative
to comparison
M = 2.5
16 untreated
-improvement or resolution of pain
visits plus children with RAP symptoms (parent-report)
1-6 phone matched for gender -decreased school absences
calls
(age 4-18)
-decreased health care utilization1
5
Standard care
-decreased pain (child- and parent-report)
(29 of the total 69) -fewer school absences

Finney et al[71] 16 children 1-5 components, tailored to each child: self(1989)
with RAP monitoring, limited reinforcement of illness
(age 6-13)
behavior, relaxation training, prescribed
dietary fiber, required school attendance
Robins et al[72] 69 children CBT family including pain management,
(2005)
with RAP relaxation, distraction, parental
(age 6-16)
encouragement of wellness behavior
S a n d e r s e t 16 children CBT including self-monitoring, social
al[69]
with RAP learning, relaxation
(1989)
(age 6-12)

Case
control

RCT
wait-list
control

8

Wait-list control
(8 of the total 16)

S a n d e r s e t 44 children CBT including contingency management
al[73]
with RAP and self-management
(1994)
(age 7-14)

RCT

6

Standard care
(4-6 sessions)

Scharff &
10 children Random assignment to social learning or
Blanchard
with RAP stress management/relaxation
(1996)[70] cited (age 8-13)
in Blanchard
(2001)[52]

crossover 4

RCT

---

-decreased pain (child-report and maternal
observation)
-more pain-free days (child-report)
-fewer pain behaviors (teacher observation)
-fewer behavioral problems (parent-report)
-more pain-free days (child-report)
-fewer pain behaviors (parental
observation)
-less pain-related interference (child- and
parent-report)
-decreased pain intensity (child-report)
-decreased pain frequency (parent-report)

1

In this study, the comparison group was used only as a reference for health care utilization, not the other outcome variables.

small (n = 10 to 12 per group). A larger study[66] failed to
show any difference between CBT and the support group,
although this might have been explained by the different
modes of delivering CBT (group vs individual sessions).
Taken together, these 7 studies provide suggestive but
not compelling evidence for the efficacy of CBT. Other
published studies evaluated multimodal psychological
treatments for IBS, but the outcomes for these trials have
been mixed.
There has also been limited intervention literature
using CBT to treat children with recurrent abdominal pain
(Table 2). While overall results have been quite positive, the
research is characterized by methodological weaknesses,
including low sample size[69-71], inadequate standard medical
care control groups which do not control for intervention
time and attention[72,73], or both.
The pediatric studies reviewed in Table 2 suggest that
a cognitive behavioral approach, which includes a social
learning component for treatment of the FGIDs, may be
efficacious. Additionally, Sanders et al[73] note that research
is needed which evaluates the effects of a briefer, more
cost-effective program which could easily be incorporated
into routine practice. Finally, Sanders et al[73] conclude with
a recommendation for research which investigates the role
of other potential predictors of outcome, such as child
and family characteristics.

COGNITIVE-BEHAVIORAL INTERVENTIONS
FOR INFLAMMATORY BOWEL DISEASE
The research on cognitive behavioral interventions for IBD
has focused primarily on teaching patients coping strategies
and stress management skills. Much of the research has
also been limited by small sample sizes and inadequate
www.wjgnet.com

control groups. In an early randomized trial, Milne,
Joachim, and Niedhardt[74] assigned 80 IBD patients to a
relaxation training or control group. There was no control
for therapist attention. Self-reports of stress and disease
activity dropped for the treatment group, but not the
control group. Garcia-Vega and Fernandez-Rodriguez[75]
assigned a total of 45 patients to one of two stress
management groups (therapist or self-directed) or usual
medical care. Patients in both self-management groups
showed reductions in some gastrointestinal symptoms and
tiredness, while the conventional medical group did not.
Schwarz and Blanchard[76] compared a multi-component
CBT intervention (consisting of IBD education, relaxation,
biofeedback, and cognitive coping) to a symptom
monitoring control group. The number of subjects in each
group was small (10 and 11 respectively), and findings were
mixed, not clearly showing a superior effect for the CBT
group. In an uncontrolled study, Mussell et al[77] tested a
12-session cognitive behavioral group therapy intervention
on 28 patients which included education about IBD,
training in cognitive coping strategies, and progressive
muscle relaxation. A significant decrease in worries and
concerns related to disease was found for ulcerative colitis,
but not Crohn's patients. Depressive coping also decreased
in women, but not men. Education, often a component
of CBT programs, was not effective by itself in reducing
anxiety or improving quality of life in a group-based
patient education program for IBD patients[78]. In 2001,
Maunder and Esplen[79] stated that there was no consensus
about the most appropriate psychosocial interventions
for people with IBD. Similarly, in a comprehensive review,
Levenstein[80] also concluded that, to date, research on the
psychological and behavioral approaches to IBD treatment
were disappointing. Small sample sizes, uncontrolled
studies, and variation in treatment modalities likely provide
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a basis for these conclusions and demonstrate the need
for further research in this area. This suggests the need for
well-designed, randomized, controlled studies to address
whether such interventions may be effective in improving
function and adjustment in patients where there also is an
organic etiology for symptoms.

TREATMENT AND RESEARCH
RECOMMENDATIONS
Based on this review, it seems appropriate to recommend
integrating a cognitive behavioral approach into gastroenterology practice with adults. This would include both
cognitive and relaxation components. The cognitive component would begin with an assessment of the patient's
ideas about his/her illness. It would then be appropriate
to work with the patient to reduce the negative effects of
symptoms, by challenging and changing beliefs and ways
of viewing the world which have an adverse effect on
these symptoms. This is done by first having the patient
understand interactions between thoughts and feelings and
recognize the role that illness beliefs and behavior play in
the experience of symptoms. Relaxation training should
also be incorporated, with the goal of teaching patients to
reduce the physical effects of stress and anxiety.
Studies with children have been less extensive, but the
preliminary results with children indicate that a reasonable
current recommendation for children would be similar.
However, with children, of course, parents should be
involved in any intervention strategies. Their cognitions
about and response to their children's symptoms should be
assessed and addressed. They could also be considered to
assist with relaxation strategies.
Future research on the effectiveness of CBT with
children and adults should meet the following minimum
standards: (1) Include an adequate sample size to insure
that the study is both generalizable and that there is
sufficient power to detect a clinically meaningful effect.
The sample size should be chosen prior to study initiation.
(2) Assess maintenance of treatment effects by including
a follow-up assessment at least 6 mo after the conclusion
of treatment. (3) Include a credible control group (not
SMT or wait list control) and assess whether subjects
find the active and control groups equally credible[81]. (4)
Include IBS symptom reduction as one of the outcome
measures. The primary outcome may be a global rating
of satisfaction with treatment or adequate relief of
symptoms, but this should be confirmed by showing that
treatment is also associated with a clinically meaningful
reduction in gastrointestinal symptoms.
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Since the identification of hepatitis C virus (HCV) genome
in 1989 [1] , a lot of progresses have been done about
the understanding of HCV biology, natural history and
therapeutic options. HCV is a member of the Flaviviridae
viral family. Its genome is a positive simple strand RNA
molecule which shows significant genetic variability. The
HCV nomenclature has been recently re-examined by an
international group of scientific experts in the field of
HCV genetic variability or involved in HCV data base[2].
HCV sequence variability and HCV classification has
considerably evolved since the consensus paper in 1994[3]
proposing the classification of HCV by phylogenetic
methods into 6 genotypes. Each genetic group contains
a variable number of closely related but distinct subtypes
at the nucleotide level. Genotypes differ from each other
by 31% to 33%, and subtypes by 20% to 25%. Since this
time, several molecular epidemiology studies have revealed
a much higher diversity especially in certain region of
the world demonstrating that HCV was present a long
time ago in human populations, and that recent routes
of spread, like transfusions, nosocomial transmission,
or Intra Venous Drug use have allowed a rapid spread
of HCV subtypes. Recombination between genotypes[4,5]
were also described making the classification of certain
strains more difficult. Because genotype identification
is clinically important in terms of response to current
www.wjgnet.com

HCV treatments (Pegylated Interferon and Ribavirin),
experts have examined the must reliable methods for
HCV classification especially for phylogenetic analysis
of the core, E1, NS5B genes and complete genome
sequences [2] . These combined methods support the
primary division of HCV into the 6 genetic groups termed
genotypes. Variants of HCV above 6 are being renamed
according to the genotype group. The new proposal of
the scientists and experts now serve as a framework for
access to the 3 Databases (which follows the current
revised nomenclature and the revised criteria for HCV
classification). Particularly due to the variability of HCV
strains, HCV infection is characterized by an extremely
high rate (60%-80%) of chronic carrier state development
associated with viral multiplication. The understanding
and modelisation of natural history is still debated but the
chronic carrier state is associated with the development
of liver fibrosis and the risk of hepatocellular carcinoma
(HCC). Histopathological and clinical studies have
individualized by assimilation with HIV infection low and
rapid progressors. However, risk factors for liver fibrosis
progression seem to be linked to many individual or
environmental factors (age, sex, age at infection, route of
transmission, alcohol consumption, etc.). One of the most
recent progress in the assessment of liver fibrosis is the
development of blood scores (Hepascore®, Fibrometer®,
Fibrotest ® , …) or physical methods like elastometry
(Fibroscan ® ) which are modifying the management
of patients with HCV infection and may probably
facilitate the follow up of fibrosis progression[6-10]. The
understanding of the HCV biology has also considerably
benefit from new in vitro and in vivo systems of viral
replication like the replicon system and transgenic mice
models. These new culture and animal models together
with the growing knowledge of molecular biology of
HCV have reinforced the importance of HCV variability
and its potential role in the natural history of infection but
also in the mechanisms of resistance to antiviral agents. In
this issue of World Journal of Gastroenterology, experts
have examined the main aspects of HCV infection trying
to focus on these new findings or understanding about
biological, clinical and therapeutic progresses.
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Abstract
Hepatitis C virus (HCV) encodes a single polyprotein,
which is processed by cellular and viral proteases
to generate 10 polypeptides. The HCV genome also
contains an overlapping +1 reading frame that may lead
to the synthesis of an additional protein. Until recently,
studies of HCV have been hampered by the lack of a
productive cell culture system. Since the identification
of HCV genome approximately 17 years ago, structural,
biochemical and biological information on HCV proteins
has mainly been obtained with proteins produced by
heterologous expression systems. In addition, some
functional studies have also been confirmed with
replicon systems or with retroviral particles pseudotyped
with HCV envelope glycoproteins. The data that have
accumulated on HCV proteins begin to provide a
framework for understanding the molecular mechanisms
involved in the major steps of HCV life cycle. Moreover,
the knowledge accumulated on HCV proteins is also
leading to the development of antiviral drugs among
which some are showing promising results in earlyphase clinical trials. This review summarizes the current
knowledge on the functions and biochemical features of
HCV proteins.
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Introduction
As for the other members of the Flaviviridae family
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the genome of Hepatitis C vir us (HCV) encodes a
single polyprotein. This 3010 amino acid polyprotein is
processed by cellular and viral proteases to generate 10
polypeptides [1] (Figure 1). The nonstructural proteins
are released from the polyprotein after cleavage by HCV
proteases NS2-3 and NS3-4A, whereas the structural
proteins are released by host endoplasmic reticulum (ER)
signal peptidase(s)[2]. Further processing mediated by a
signal peptide peptidase also occurs at the C-terminus
of the capsid protein [3]. In addition to the large open
reading frame encoding the polyprotein, the HCV genome
contains an overlapping +1 reading frame that may lead
to the synthesis of an additional protein[4]. Despite the
difficulties in propagating the virus in cell culture, a large
body of data has accumulated on HCV proteins since the
identification of HCV genome 17 years ago. A detailed
knowledge of the functions of HCV proteins is important
for the development of new antiviral drugs. This review
summarizes the current knowledge of the functions and
biochemical features of HCV proteins. A brief summary
of the functions of HCV proteins is presented in Table 1.

CORE PROTEIN
The core protein is an RNA-binding protein that is
supposed to form the viral nucleocapsid. It is removed
from the polyprotein by a host signal peptidase cleavage
at the C-terminus, yielding the immature form of the
protein[5], and the signal peptide present at the C-terminus
of the core is processed further by a host signal peptide
peptidase, yielding the mature form of the protein [3]
(Figure 1). It has been shown that the mature form of
core is a dimeric alpha-helical protein, which behaves as
a membrane protein[6]. This protein can be separated into
two domains: an N-terminal two-thirds hydrophilic domain
(D1) and a C-terminal one-third hydrophobic domain
(D2) [7]. The D1 domain includes numerous positively
charged amino acids and has similar characteristics to the
capsid proteins of related pestiviruses and flaviviruses[6,7].
The D2 domain is required for proper folding of domain
D1 and is critical for the membrane characteristics of the
core[6,8]. It is worth noting that this domain is absent in the
pestiviruses and flaviviruses but is found in GB virus B[6,9].
Little is known about the mechanisms of HCV nucleocapsid assembly. In vitro nucleocapsid reconstitution experiments with core segments have thus far yielded
irregular particles larger than those isolated from infected
subjects[10]. Full-length core protein has also been shown
to assemble into nucleocapsid-like particles upon de novo
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Table 1 Viral proteins and their functions in HCV life cycle

3'NTR

NS

S

NS4A
NS2
p7

NS4B
NS3

NS5A

NS5B

Figure 1 HCV genome organization (top) and polyprotein processing (bottom).
HCV encodes a single polyprotein with the structural proteins (S) and the
nonstructural proteins (NS) present in the N-terminal one-third and the C-terminal
two-third of the polyprotein, respectively. The polyprotein processing and the
location of the 10 proteins relative to the endoplasmic reticulum membrane are
schematically represented. Scissors indicate cleavages by a host signal peptidase.
Arrows indicate NS2-3 and NS3-4A cleavages. The intramembrane arrow indicates
cleavage by a host signal peptide peptidase (SPP). The transmembrane domains
of E1 and E2 are shown after signal-peptidase cleavage and reorientation of their
C-terminus. In addition, the precleavage topology of the transmembrane domains
of E1 and E2 is shown in light grey.

synthesis in cell-free systems made of rabbit reticulocyte
lysate or wheat germ extracts[11]. It has also been suggested
that the attachment of a core protein to a phospholipid
layer is required as a template for proper assembly of the
nucleocapsid[6]. Although, little is known on the assembly
of the nucleocapsid, developing small molecules that block
the signal peptide peptidase cleavage might be a way of
inhibiting HCV assembly.
When expressed in the context of heterologous
expression systems or HCV replicons, core is found both
attached to the ER and at the surface of lipid droplets[7,12].
In some conditions, a minor proportion of the core
protein has also been found to be located in the nucleus[13].
More recently, the core protein has also been found to
colocalize with mitochondrial markers in Huh-7 cells
containing a full-length HCV replicon[14]. However, in the
context of an infectious virus, the core protein was only
found in association with lipid droplets[15]. It has been
reported that the traffic between rough ER membranes,
the site of capsid protein synthesis, and lipid droplets
is regulated by signal peptide peptidase cleavage in the
C-terminal region of the core protein[3]. It is therefore
likely that in the context of HCV-infected cells, transport
of the C protein to the site of lipid droplet assembly is
rapid due to rapid cleavage by the signal peptide peptidase.
The core protein has been reported to interact with
a variety of cellular proteins and to influence numerous
host cell functions[7,16,17]. It has indeed been proposed to be
involved in cell signaling, apoptosis, carcinogenesis and lipid
metabolism. However, in most cases, it is unclear if these
interactions occur in the course of a normal infection or are
artifacts of ectopic expression or protein over-expression.
Further studies with the recently developed cell culture
system for HCV[18-20] should help clarify whether all the
functions identified for HCV core protein can be observed
in the context of infected cells.

E1 AND E2 GLYCOPROTEINS
HCV glycoproteins, E1 and E2, are released from the

Protein
Core
E1
E2

Molecular Mass
21 kDa
31-35 kDa
70 kDa

p7
NS2
NS3

7 kDa
21 kDa
69 kDa

NS4A
NS4B
NS5A
NS5B

6 kDa
27 kDa
56-58 kDa
68 kDa

1

Function
RNA binding; nucleocapsid
Envelope glycoprotein; associate with E2
Envelope glycoprotein; receptor binding;
associate with E1
Ion channel
Component of NS2-3 proteinase
N-terminal proteinase domain;
C-terminal NTPase/helicase domain
NS3-4A proteinase cofactor
Induces membrane alterations
Phosphoprotein
RNA-dependent RNA polymerase

1

Estimated by SDS-PAGE.

polyprotein by a host signal peptidase cleavage[12] (Figure 1).
They are type- I transmembrane proteins with a large
N-terminal ectodomain and a C-terminal transmembrane
domain, and they assemble as noncovalent heterodimers[21].
The ectodomains of HCV envelope glycoproteins E1 and
E2 are highly modified by N-linked glycans. Indeed, E1
and E2 possess up to 6 and 11 potential glycosylation sites,
respectively, and most of them are well conserved[22,23]. It
is worth noting that some glycans have been shown to play
a role in HCV glycoprotein folding or in virus entry[24].
Because they are essential for virus entry, HCV envelope
glycoproteins are a good target for the development of
antiviral molecules that block HCV entry[25].
Hypervariable regions (HVR) have been identified
in the E2 envelope glycoprotein sequence [26]. The first
27 amino acids of the E2 ectodomain form HVR1. The
apparent variability of this region seems to be driven
by antibody selection of immune-escape variants. An
HCV clone lacking HVR1 was found to be infectious
but strongly attenuated in chimpanzees[27], supporting a
functional role of this domain, likely in virus entry[28,29].
Despite the sequence variability of HVR1, the physicochemical properties of the residues at each position and
the conformation of HVR1 are highly conserved among
the various genotypes[30]. In addition, HVR1 is a globally basic region and basic residues of HVR1 have been
shown to play a role in modulating virus entry[29]. Another
hypervariable region, HVR2, has also been described in
E2[26], and this region has been proposed to modulate E2
receptor binding[31].
Although HCV glycoproteins can be detected at the
plasma membrane when they are over-expressed[32-34], the
E1E2 heterodimer is mainly retained in the ER[15,35]. The
determinants for ER retention of HCV envelope glycoproteins have been mapped in the transmembrane domains
of E1 and E2[36,37]. In addition to a membrane-proximal
heptad repeat sequence in E2[38], these domains have also
been shown to be essential for heterodimerization[39]. The
transmembrane domains of HCV envelope glycoproteins
are not canonical transmembrane domains[40], and dynamic
changes have been shown to occur in these domains after
cleavage by the signal peptidase[41]. Indeed, before cleavage
by a host signal peptidase, the transmembrane domains of
E1 and E2 adopt a hairpin structure, and after cleavage,
the signal-like sequence is reoriented toward the cytosol,
www.wjgnet.com
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Transport and release
Receptor binding and endocytosis
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uncoating
(+) RNA

Translation and
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Virion
assembly
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Figure 2 Schematic representation of the major steps of HCV life cycle. The virus
binds to a receptor at the cell surface, which leads to endocytosis of the particle.
Fusion between the viral envelope and an endosomal membrane leads to the
release of HCV genome into the cytosol. HCV genome is a positive strand RNA,
which is directly translated and all the viral proteins are simultaneously produced.
Expression of HCV proteins induces intracellular membrane alterations (the
membranous web), which is the site of RNA replication. The nonstructural proteins
NS3 to NS5B assemble in association with cellular factors to form a replication
complex, which is responsible for RNA replication. Accumulation of HCV genomic
RNA and the structural proteins leads to the assembly of a nucleocapsid, which
acquires its envelope within an intracellular compartment. The viral particle is then
secreted by following the classical secretory spathway.

leading to a single transmembrane passage.
The two envelope glycoproteins, E1 and E2, play major
roles at different steps of the HCV life cycle (Figure 2).
They are essential for virus entry[42,43], and they participate in the assembly of infectious particles[19]. The E1 E2
heterodimer is the viral component present at the surface of HCV particles and it is therefore the obvious
candidate ligand for cellular receptors. As a first approach
to identify potential HCV receptor(s), a soluble form
of HCV glycoprotein E2 has been used. This led to the
identification of a series of putative receptors for HCV:
CD81 tetraspanin[44], scavenger receptor class B type I (SRBI)[45], heparan sulfate[46] and the mannose binding lectins
DC-SIGN and L-SIGN[47-49]. An approach using viruslike particles produced in insect cells has also led to the
identification of the asialoglycoprotein receptor as another
candidate receptor for HCV[50]. In addition, because of the
physical association of HCV with low- or very-low-density
lipoproteins (LDL or VLDL) in serum, the LDL receptor
has also been proposed as another candidate receptor for
HCV[51,52]. Among these molecules, only CD81 and SR-BI
have been shown to play a role in HCV entry[43]. However,
co-expression of CD81 and SR-BI in non-hepatic cell
lines does not lead to virus entry, indicating that other
molecule(s) expressed only in hepatic cells, are necessary
for HCV entry.
Interactions between viral envelope glycoproteins and
potential receptors can have other consequences than a
direct effect on virus entry. For instance, L-SIGN and
DC-SIGN are not expressed on hepatocytes, and HCV
interactions with these molecules may contribute to establishment or persistence of infection both by the capture and delivery of virus to the liver and by modulating
www.wjgnet.com
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dendritic cell functions as recently suggested [53,54] . It
has also been shown that intracellular interaction between HCV envelope glycoproteins and CD81 can lead
to secretion of exosomes containing E1 and E2 glycoproteins [55]. A soluble form of E2 is also able to bind
CD81 at the surface of natural killer cells, and this interaction inhibits cytotoxicity and cytokine production
by these cells[56,57]. Binding of a soluble form of E2 to
CD81 can also provide a co-stimulatory signal for T
cells[58,59], activate B lymphocytes[58] and up-regulate matrix
metalloproteinase-2 in human hepatic stellate cells [60].
It remains however to be determined whether HCV
glycoprotein expressed in the context of native particles
will also have the same effects on cell functions.
Because they are exposed at the surface of the virion,
the envelope proteins are targets of neutralizing antibodies.
The recent development of retroviral particles pseudotyped
by unmodified HCV E1 and E2 envelope glycoproteins
(HCVpp)[32-34] has allowed to initiate studies on neutralizing
antibodies. As determined with HCVpp, it seems that
the majority of chronically infected patients have crossreactive neutralizing antibodies[61,62]. In contrast, neutralizing
antibodies have not been detected in several cases of acute
resolving infection[61,62], and the detection of neutralizing
antibodies in acutely infected individuals did not seem to be
associated with viral clearance[61]. However, another study
has shown in some patients a progressive emergence of a
relatively strong neutralizing response in correlation with
a decrease in viremia[63]. Further investigations on a large
number of acutely infected patients will be necessary to
determine the role of neutralizing antibodies in controlling
HCV infections. Importantly, the majority of neutralizing
anti-HCV monoclonal antibodies that have been described
recognize E2[32,34,64-66]. In addition, some of the epitopes
recognized by these antibodies have been mapped in the
CD81 binding region of E2 and in the C-terminus of
HVR1[34]. Studies with these neutralizing monoclonal antibodies will be essential to understand the mechanisms
leading to HCV neutralization.

p7
The p7 polypeptide is located within the HCV polyprotein
at the junction between the structural and nonstructural
proteins[67,68]. It is released from the polyprotein by a host
signal peptidase cleavage[12] (Figure 1). The p7 polypeptide
is a small polytopic membrane protein composed of two
transmembrane domains with both its N- and C-termini
oriented toward the lumen of the ER[69]. The C-terminus
of p7 contains a sequence for reinitiation of translocation,
and when fused to a reporter protein, this sequence functions as a signal peptide[69,70]. The double membrane spanning topology of p7 with few residues accessible at one
or the other side of the membrane suggests that p7 likely exerts its function(s) on membrane structures. When
expressed by heterologous expression systems, p7 can be
found in association with ER and/or mitochondrial membranes[69,71,72]. In addition, a small proportion of p7 can also
be detected at the plasma membrane[69]. However, further
investigations in the context of an infectious virus will be
necessary to confirm these subcellular localizations. The
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p7 polypeptide is not required for RNA replication, and it
is uncertain whether it is a virion component. Interestingly,
the p7 polypeptide has been shown to have an ion channel
activity in artificial lipid membranes[72-75]. In addition, it
has been shown to be essential for infectivity of HCV in
chimpanzees[76]. These observations suggest that screening
for small molecules that block the ion channel activity of p7
might be an approach to develop new anti-HCV molecules.

NS2
NS2 is an integral membrane protein that is not essential
for the formation of the replication complex[77,78]. The
function of NS2 in its mature form is unknown; however,
before cleavage from the polyprotein, NS2 participates in
a protease activity responsible for the cleavage at the NS2/
NS3 junction[79] (Figure 1). The first 180 residues of NS3
are also required for this cleavage. In addition, the NS2-3
enzyme has been described as a cysteine proteinase[80].
The structure of NS2 reveals a dimeric cysteine protease
with two composite active sites[81]. Surprisingly, for each
active site, the catalytic histidine and glutamate residues
are contributed by one monomer, and the nucleophilic
cysteine by the other. The host-cell chaperone Hsp90
seems to be required to activate the NS2-3 proteinase[82].
Cleavage of the NS2 N-terminus from p7 is mediated by a
signal peptidase within the ER[69,70]. When expressed alone,
NS2 is found located in association with ER membranes[83].
NS2 contains several stretches of hydrophobic amino acids
and is predicted to be a polytopic membrane protein[84,85].
The membrane topology of NS2 is unclear, but the
presence of two internal signal-like sequences points
to the existence of four transmembrane segments [85].
However, since the processing at the NS2/NS3 junction
has to take place in the cytosolic space, the presence of
the C-terminus of NS2 in the ER lumen suggests that
a reorientation of this region would have to occur after
cleavage between NS2 and NS3. Interestingly, crossover
sites for natural or infectious artificial inter-genotypic
HCV chimeras have been mapped in NS2[18,86,87]. These
data suggest that in addition to its role in the processing at
the NS2/NS3 cleavage site, NS2 is also involved in virus
assembly and release. It remains however to be determined
by which mechanism NS2 contributes to the latter process.
Due to its involvement in NS2-3 protease activity, NS2
is an interesting target for the development of anti-HCV
molecules.
NS2 has been shown to be a short-lived protein
whose degradation by the proteasome is regulated in a
phosphorylation-dependent manner through the protein
kinase CK2[83]. In addition, it has been shown to interact
with the liver-specific pro-apoptotic CIDE-B protein and
to be an inhibitor of CIDE-B-induced apoptosis[88]. NS2
might also potentially affect cellular gene transcription[89].
However, all these properties need to be further investigated in the context of the newly developed cell culture
system for HCV[18-20].

NS3 AND NS4A
NS3 is a multifunctional protein with an N-terminal
serine-type protease domain and a C-terminal RNA
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helicase/NTPase domain. The NS3 protease domain
has a typical chymotrypsin-like fold and is composed of
two beta-barrel domains [90,91]. The protease activity of
NS3 is enhanced by the NS4A cofactor. Indeed, NS4A
contributes one beta-strand to the N-terminal protease
domain and thereby allows its complete folding [90]. In
addition, it induces a conformational change that leads to
a repositioning of the catalytic triad. NS3 by itself has no
transmembrane domain, but it associates non-covalently
with the central domain of NS4A, which is a membrane
protein. When co-expressed with NS4A, NS3 is found in
association with ER or ER-like membranes whereas it is
diffusely distributed in the cytoplasm and nucleus when
expressed alone[92]. Deletion analyses have revealed that the
hydrophobic N-terminal domain of NS4A is required for
ER targeting of NS3. Interestingly, NS4A also stabilizes
the protease against proteolytic degradation. The NS3-4A
protease has an unusually shallow substrate-binding pocket
and therefore requires rather long interaction surfaces
with the substrate (reviewed in[1,93]). This made the design
of efficient inhibitors of this protease challenging [94].
The NS3-4A protease is responsible for the polyprotein
cleavage in the region downstream of NS3 (Figure 1), and
this activity is essential for the generation of components
of the viral RNA replication complex[95] (Figure 2). It is
therefore not surprising that this protease has been the first
target for the development of new anti-HCV molecules[94].
In addition to its role in the processing of the polyprotein, the NS3-4A protease activity is also involved in
blocking the ability of the host cell to mount an innate
antiviral response[96]. The NS3-4A has indeed been shown
to interfere with double-stranded RNA signaling pathways.
It disr upts the cellular RNA helicase retinoic acidinducible gene I (RIG- I ) pathway through proteolysis of
a newly discovered essential adaptor protein of interferon
regulatory factor-3 (IRF-3) activation[97]. Due to its recent
simultaneous discovery by four different groups, this
adaptor protein has received four different names: IPS-1,
Cardif, VISA and MAVS[98]. NS3-4A cleavage of MAVS/
IPS-1/VISA/Cardif results in its dissociation from the
mitochondrial membrane and disruption of signaling to
the antiviral immune response[99]. NS3-4A also cleaves the
TRIF (also called TICAM-1) adaptor protein to ablate
Toll-like receptor-3 (TLR-3) signaling of IRF-3 activation
by extracellular double-stranded RNA[100]. However, this
pathway has a minimal role in triggering the interferon
antiviral response[101].
The C terminus of NS3 encodes a DexH/D-box RNA
helicase[102]. Enzymes of this superfamily are capable of
unwinding RNA-RNA duplexes in an ATP-dependent
manner. The crystal structure of the HCV helicase shows
a Y-shaped molecule composed of 3 nearly equally sized
subdomains[103,104]. Although monomeric NS3 can bind
RNA with high affinity, RNA unwinding requires an
NS3 dimer[105]. Kinetic analyses indicate that this enzyme
undergoes highly coordinated cycles of fast double-stranded
RNA unwinding[105-107]. More recently, it has been reported
that the cyclic movement of NS3 helicase is coordinated
by ATP in discrete steps of 11 base pairs, and that actual
unwinding occurs in rapid smaller sub-steps of 2 to 5
base pairs, also triggered by ATP binding, indicating that
NS3 might move like an inchworm[108]. The NS3 helicase
www.wjgnet.com
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activity can be modulated by interactions between the serine
protease and helicase domains. Indeed the kinetics of duplex
RNA unwinding is slower for the isolated helicase domain as
compared with the full-length NS3 protein[109]. In addition,
the presence of NS4A enhances productive RNA binding
of a full-length NS3-4A complex[107]. The function of the
NS3 helicase in the HCV life cycle is not known. It may
be involved in initiation of RNA replication by unwinding
stable stem-loop structures at the termini of positive and/or
negative strand of HCV RNA. It may also contribute to the
process of the replicase complex by removing stable RNA
secondary structures and/or by displacing bound proteins
that might interfere with RNA synthesis. Finally, it may
also be required for dissociation of the replicative form.
Due to its enzymatic activity, the helicase domain of NS3 is
another potential target for the development of anti-HCV
molecules.
The NS3 protein has been reported to interact with
several cellular proteins[17], and it has been proposed to be
involved in carcinogenesis[110]. However, the relevance of
these interactions needs to be confirmed in the context of
the recently developed cell culture system for HCV[18-20].

NS4B
The NS4B protein is a highly hydrophobic nonstructural
protein, which is predicted to contain four transmembrane
domains[111,112]. It has recently been shown that NS4B is
palmitoylated in the C-terminal region of the protein[113].
The N- and C-termini of NS4B are localized in the
cytosol; however, a fraction of the N-terminus can also be
found in the ER lumen[112]. A putative amphipathic helix
in the N-terminus of NS4B has been proposed to mediate
membrane association[114]. The NS4B protein is detected
in association with ER membranes[111,112,115]. In addition,
NS4B also induces intracellular membrane alterations,
suggesting that one of its functions is to induce the
formation of membranous structures supporting RNA
replication[116]. However, the structure of NS4B-induced
membranes appears to be slightly distinct from the
membranous web observed when all the HCV proteins are
expressed, suggesting that other component(s) contribute
to these membrane alterations. A nucleotide binding
motif has been found in NS4B[117]. This structural motif
binds and hydrolyzes GTP. Interestingly, mutation of this
nucleotide binding motif affects HCV RNA replication[117].
The potential presence of NS4B domains on both sides of
the ER membrane suggests that this protein plays a role in
crosstalk between the ER lumen and the cytosol. Although
a function can be attributed to this protein, it remains
challenging to develop a high-throughput screening for
small molecules targeting NS4B.

NS5A
NS5A is a membrane-associated protein containing a
unique amphipathic alpha-helix at its N-terminus, which
serves as an in-plane membrane anchor[118,119] (Figure 1).
Like most HCV proteins, NS5A is detected in association
with ER or ER-derived membranes [118] . Besides its
membrane anchor sequence, NS5A contains three distinct
www.wjgnet.com
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domains that are separated by low complexity sequences
(LCs) I and II [120]. Recently, the x-ray crystal structure
of domain I was solved [121]. It is composed of a basic
N-terminal subdomain IA and a predominantly acidic
C-terminal subdomain IB. In subdomain IA a zinc ion
is coordinated by a unique motif of 4 fully conserved
cysteine residues, which are absolutely essential for RNA
replication[120,121]. In subdomain IB an unusual disulfide
bond linking 2 cysteine residues near the C-terminal
subdomain border was found. However, this disulfide
bond does not seem to be essential for HCV RNA replication. Domain I forms homodimers via contacts near
the N-terminal end of the molecules. This dimerization
results in the formation of a basic groove facing the
cytosol at the surface of the membrane. This 'claw like'
structure is believed to provide an RNA binding site that
might be involved in regulated genome targeting within
the replication complex[121]. In line with this observation,
NS5A has been shown to bind to HCV RNA and more
specifically to the 3’-ends of HCV plus and minus strand
RNAs, with a preference for the polypyrimidine tract in
the 3’ non-translated region of positive strand RNA[122].
Therefore, the structure of domain I of NS5A provides
a framework for the rational design of small antiviral
molecules. The other two domains of NS5A are less
characterized. Domain II has been proposed to be
involved in inhibition of the interferon-induced double
stranded RNA activated protein kinase PKR [123] , and
domain III is a less conserved region, which can tolerate
insertions or partial deletions[124,125].
NS5A is a protein which is essential for genome replication [126,127]. Indeed, mutations that enhance RNA
replication in cell culture map to the NS5A-coding sequence.
In addition, NS5A has been shown to interact with NS5B,
and this interaction is essential for maintenance of subgenomic replicons in Huh-7 cells[128,129]. NS5A is expressed
as a basally phosphorylated and a hyperphosphorylated
forms[93]. The functional relevance of the different phosphorylated forms is unknown. However, mutations that
reduce NS5A hyperphosphorylation can lead to a dramatic enhancement of HCV genomic replication[124,130].
Furthermore, treatment of cells carrying non-adapted replicons with an inhibitor of the cellular kinase(s) responsible
for NS5A hyperphosphorylation leads to an increase in
HCV genomic replication [131]. In addition to its role in
HCV genomic replication, NS5A has initially attracted
considerable interest because of its potential role in modulating the interferon response [132]. NS5A has also been
shown to interact with components of numerous cellular
signaling pathways[17,133,134]. Among the potential cellular
partners identified for NS5A, human vesicle-associated
membrane protein-associated protein A (hVAP-A) is of
particular interest because it is regulated by NS5A phos
phorylation[130,135]. Indeed, NS5A hyperphosphorylation
disrupts interaction with hVAP-A and negatively regulates
viral RNA replication. VAP-A is a protein found on ER
and Golgi membranes, which is involved in intracellular
vesicle trafficking. It remains however to be determined
why NS5A hijacks hVAP-A at some step of its life cycle.
Another potentially important host cell factor interacting
with NS5A is the geranylgeranylated protein FBL-2[136]. In
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line with this observation, it has been shown that inhibition
of geranylgeranylation in cells abolishes HCV RNA
replication[137].

NS5B
NS5B is a membrane-associated protein containing a
C-terminal transmembrane domain[138], which is essential
for RNA replication in cell culture[139] (Figure 1). Like most
HCV proteins, NS5B is detected in association with ER or
ER-derived membranes[140]. NS5B is an RNA-dependent
RNA polymerase, which is the catalytic component of the
HCV RNA replication machinery. This enzyme synthesizes
RNA using an RNA template. NS5B can initiate RNA
synthesis de novo, at least in vitro, and it is assumed that
de novo initiation is also operating in vivo[93]. The crystal
structure of the NS5B catalytic domain shows a structural
fold comparable with other polymerases with palm, finger,
and thumb subdomains[141,142]. The palm domain contains
the active site of the enzyme, whereas the fingers and the
thumb modulate the interaction with the RNA chain. One
structural peculiarity of the enzyme is the fully encircled
active site, which is due to multiple interactions between
the finger and thumb subdomains creating a tunnel in
which a single-stranded RNA molecule is directly guided
to the active site. NTPs enter the active site via another
positively charged tunnel. Binding of the RNA template
and initiation of RNA synthesis are supposed to be regulated by a highly flexible beta-hairpin loop located in the
thumb domain and pointing toward the active site[126]. As
observed for other viral polymerases, NS5B is an interesting and promising target for the development of new
antiviral molecules targeting HCV[94].
The RNA-dependent RNA polymerase activity appears
to be modulated by interaction with some other viral proteins
(NS3 and NS5A)[93]. It has been shown that cyclophilin
B, a peptidyl-prolyl cis-trans-isomerase, interacts with the
C-terminal region of NS5B and appears to stimulate its RNA
binding activity[143]. In addition, cyclosporin A, an inhibitor
of cyclophilin B, inhibits HCV replication in cell culture[144].
However, how cyclophilin B activates replication remains
to be determined. Furthermore, cyclophilin B does not
seem to stimulate the RNA binding activity of NS5B in all
genotypes[145]. NS5B has also been shown to interact with
other cellular proteins[146-148].

ALTERNATIVE READING FRAME PROTEIN
In addition to the large open reading frame encoding
the polyprotein, HCV genome contains an overlapping
+1 reading frame that overlaps the sequence of the core
protein[4]. This alternative reading frame (ARF) lacks an
in-frame AUG start codon, suggesting that its expression
involves unusual translation-level events. In vitro studies
indicate that ribosomal frameshifting may the process
leading to translation of the ARF. Frameshifting yields
chimeric proteins that have segments encoded in the core
sequence covalently attached to amino acids encoded in the
ARF. Based on experiments with reporter gene constructs,
the frameshift efficiency is in the range of 1% to 2%. The
development of an immune response against the ARF
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protein in HCV infected patients indicates that this protein
is expressed during natural HCV infections and stimulates
specific immune responses[149]. The role of ARF protein in
the HCV life cycle and/or pathogenesis is not yet known.
However, the ARF protein is not required for HCV RNA
replication. One cannot exclude that the ARF protein may
be responsible for some of the effects attributed to the
core protein. Indeed, most studies seeking to define the
function of the core protein have used sequences likely
to contain a combination of the core protein and ARF
protein. Due to the lack of knowledge of its function, the
ARF protein is not currently considered as a target for the
development of new antiviral molecules.
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Abstract
The hepatitis C Virus (HCV) presents a high degree of
genetic variability which is explained by the combination
of a lack of proof reading by the RNA dependant RNA
polymerase and a high level of viral replication. The resulting genetic polymorphism defines a classification in
clades, genotypes, subtypes, isolates and quasispecies.
This diversity is known to reflect the range of responses
to Interferon therapy. The genotype is one of the predictive parameters currently used to define the antiviral
treatment strategy and the chance of therapeutic success. Studies have also reported the potential impact of
the viral genetic polymorphism in the outcome of antiviral therapy in patients infected by the same HCV genotype. Both structural and non structural genomic regions
of HCV have been suggested to be involved in the Interferon pathway and the resistance to antiviral therapy. In
this review, we first detail the viral basis of HCV diversity.
Then, the HCV genetic regions that may be implicated in
resistance to therapy are described, with a focus on the
structural region encoded by the E2 gene and the nonstructural genes NS3, NS5A and NS5B. Both mechanisms
of the Interferon resistance and of the new antiviral
drugs are described in this review.
© 2007 The WJG Press. All rights reserved.

Key words: Hepatitis C virus; Genetic diversity; Therapy
resistance; E2; NS3; NS5A; NS5B
Le Guillou-Guillemette H, Vallet S, Gaudy-Graffin C, Payan
C, Pivert A, Goudeau A, Lunel-Fabiani F. Genetic diversity
of the hepatitis C virus: Impact and issues in the antiviral

www.wjgnet.com

therapy. World J Gastroenterol 2007; 13(17): 2416-2426

http://www.wjgnet.com/1007-9327/13/2416.asp

INTRODUCTION
The role of genetic variability in the natural history by
hepatitis C Virus (HCV) infection and in the primary resistance to treatment remains unclear. In particular, the
mechanisms underlying the resistance of HCV to Interferon treatment are very different from those by which the
human immunodeficiency virus (HIV) becomes resistant
to antiretroviral drugs. In this review, we will describe the
impact of HCV genetic polymorphism in the treatment
response.

HCV VARIABILITY: ORIGIN AND
CLASSIFICATION
HCV has a single-strand positive RNA genome and
displays a high genetic diversity. This diversity results
from defects in the repair activity of the RNA-dependent
RNA polymerase (resulting in nucleotide substitutions)
and from the absence of 5' to 3' exonuclease activity (lack
of error correction)[1]. The mean frequency of nucleotide
mutations varies from 1.4 × 103 to 1.9 × 103 substitutions
per nucleotide and per year. This estimate is based on
comparisons of the major sequences of complete genomes
obtained after eight years of evolution in a chimpanzee
and 13 years in a human[2,3].
Some of the mutations accumulating during replication are silent or synonymous. These mutations have no
impact on the amino-acid sequence of the viral protein,
but may affect the secondary structure of the genomic
RNA. Other so-called non-synonymous mutations lead to
changes in protein sequence and the emergence of variants. Other mutations lead to the production of defective
viral particles and are therefore lethal. The regions of the
genome corresponding to essential viral functions (domains
involved in translation or replication), or displaying major
structural constraints (non-coding 5' and 3' ends) are the
best conserved; indeed, the non coding 5' region is the
most highly conserved region of the genome, with more
than 90% identity between the sequences of distantly re-
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lated strains[4]. The region encoding the capsid is also well
conserved, with 81% to 88% sequence identity between
isolates[5]. The most variable region of the genome is that
encoding the envelope glycoproteins, E1 and E2. The sequences of hypervariable regions (HVR1 and HVR2) of
E2 in strains isolated from different patients may differ
by more than 50%. The polypeptides encoded by these
hypervariable regions are therefore very tolerant to aminoacid substitutions[6,7].
The classification of HCV, redefined and simplified in
1998, is based on the topology of the trees obtained by
phylogenetic relationships between viral variants. HCV
variants can be classified into six clades, and then into
subtypes corresponding to subgroups of the most closely
related viruses within a clade[8]. The virus genotype is indicated by an Arabic number (from 1 to 6), associated with a
lower-case letter to indicate the subtype. This new nomenclature has led to the reclassification of virus genotypes 7,
8, 9 and 11 as genotype 6 viruses, and the reclassification
of genotype 10 viruses as genotype 3 viruses. Recently,
the status of HCV-genotype nomenclature has been reexamined in an attempt to resolve conflicting subtype and
genotype designations. A complete list of currently recognized genotypes and subtypes was published[9]. The euHCVDB (http://hepatitis.ibcp.fr), DDJB (http://www.ddbj.
nig.ac.jp) and Los Alamos (http://hcv.lanl.gov) databases
currently include a large number of HCV sequences, making it possible to compare an isolate with a large number
of reference sequences[10]. Although currently restricted to
specialist laboratories, the gold standard method for HCV
genotyping is sequencing of the NS5B region followed by
phylogenetic analysis including comparison to reference
sequences[11,12].
A chimeric virus generated by an intergenotypic homologous recombination event (genotype 2k/genotype 1b)
in the NS2 gene was first described in the St Petersburg
area: this demonstrated the occurrence of recombination
phenomena in HCV[13]. Another recombinant form (genotype 2i/genotype 6p) was recently described in Vietnam,
with a point of recombination between NS2 and NS3[14].
Such recombination events have already been described
for GBV-C and Dengue virus[15,16]. In HCV, homologous
recombination may be favoured by the nature of HCV
risk behaviour in which there may be frequent exposures,
for example among Intra Venous Drug Users. In practice,
genotyping is based solely on polymorphism in a single
genomic region (5' NC or NS5B), so it is currently impossible to estimate the frequency of recombination events.
Studies of the global distribution of HCV genotypes
and analyses of their phylogenetic relationships have provided insight into their emergence and diversification over
the centuries. The worldwide distribution of genotype 2
began some 90 to 150 years ago; that of subtype 1b began
60 to 70 years ago and that of genotype 3 began about 40
years ago[17] Genotypes 4 and 6 emerged much earlier: 350
and 700 years ago, respectively[18]. The simultaneous presence of a large number of subtypes of a viral genotype in
a limited geographic region is indicative of the long-standing endemic presence of the virus in the population studied. Genotype 2 is frequent in West Africa (59% to 100%,
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depending on the region studied), and many subtypes have
been identified (2c to 2l)[19]. The same is true of genotype
4 in Central Africa (4b, 4c, 4e and 4m)[20]. Conversely, the
limited number of subtypes in Europe (where genotype 1,
2, 3 are the more frequently found), North America and
Japan is consistent with the more recent introduction of
HCV into these populations. Another level of complexity
is found within a given infected patient termed as the quasispecies population. Quasispecies are populations of different but closely related genomes and data have suggested
that Interferon alpha exerts a selective pressure on HCV
quasispecies[21,22]. Thus, these molecular polymorphisms
are clinically relevant and are one of the major factors in
determining the outcome of the Interferon therapy.
Since 1986, before the discovery of HCV, the efficacy
of Interferon alpha has been demonstrated in the treatment of chronic non A non B hepatitis[23,24]. Interferon
alpha is a member of the cytokine family produced by cells
in response to viral infections or other stimuli by binding
to their specific receptors on the surface of target cells,
Interferons stimulate a cascade of intracellular signalling
pathways that result in the suppression of numerous
Interferon-Stimulated Genes (ISGs) whose products
(proteins) can mediate the effects of Interferon. Among
these, are the INF induced, double stranded (ds) RNA
dependant protein kinase (PKR), the 2' 5' oligoadenylate
synthetase and the Mx proteins, of which the antiviral
activities have been well demonstrated[25]. Interferon also
acts as a stimulus of immunity and modulates cell growth,
differentiation and apoptosis[26].
In an effort to understand the role of different factors
on the outcome of Interferon therapy, numerous studies
have been performed to define predictors of response and
both viral and host factors have been studied.
Among the viral factors examined, viral genotype seems
to be the most important predicting factor; it appears to be
a predictive parameter of the SVR as strong as well-established predictive parameters such as the pre-treatment viral
load, the stage of fibrosis on liver, and the age and the sex
of the patient. Trials clearly reported a high SVR rate of
76% to 84% in patients infected with HCV genotypes 2 or
3 whereas a weaker SVR of 42% to 52% was obtained in
HCV genotype 1-infected patients[27-29]. The SVR is likely
to be higher for genotype 2 than for genotype 3 where a
shortened treatment period was experienced, but ongoing studies will determine the role of the initial viral load
and a rapid virologic response[30,31]. Therapeutic outcomes
are well known for these three genotypes because of their
geographic distribution; genotype 1 represents more than
70% of the HCV infections in the Western world, genotypes 2 and 3 infect 10% to 20% of the other patients.
Studies focused on the outcome of the antiviral therapy
conducted in patients infected by HCV genotype 4 are
mainly provided by Egyptian cohorts and results showed
an intermediate SVR rate comprised between 55% to
69%[32,33]. Genotypes 5 and 6 are less studied because of
their minor distribution, patients infected by these genotypes may achieve a SVR at a level between the SVRs of
genotype 1 and genotypes 2-3[34].
Differences in the SVR rate observed among differ-
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Figure 1 Mechanisms involved in HCV
resistance to antiviral therapies.
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ent HCV genotypes have highlighted a presumptive role
of the viral genetic determinants and have suggested that
some virus-encoded functions are involved in the response
to Interferon. Although a very efficient in vitro or in vivo or
animal models of HCV infection is not available, several
studies have been undertaken to identify which viral gene
may interfere with antiviral molecules. Both in vivo and
in vitro studies demonstrated that the structural proteins E1
and E2, the non-structural proteins NS3, NS5A and NS5B
may contribute to the resistance of the combined Interferon alpha and ribavirin therapy. Moreover, all these proteins
share a genetic polymorphism involved in the resistance
mechanisms as shown in Figure 1.

GENOMIC DOMAINS CONTRIBUTING TO
RESISTANCE
As previously described by Pawlotsky in this issue of the
www.wjgnet.com
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journal, HCV presents a high genetic diversity. The intragenotype analysis of this diversity along the viral genome
shows different degrees of variation; regions such as
the 5'UTR and the core are highly conserved, the nonstructural regions 2, 3, 5b and the 3'UTR are relatively
variable whereas the envelope regions E1 and E2 and the
NS4 and the NS5A genes exhibit the highest sequence
diversity.
Polymorphism and significance of amino acid substitutions within E2 regions in Interferon alpha resistance
E2 glycoprotein is a type I transmembrane protein of 70
kDa, with an N-terminal ectodomain and a C-terminal
hydrophobic anchor. It assembles with E1 to form a heterodimer. It has been shown to interact with two potential
HCV receptors, the human tetraspanin CD81 and the human scavenger receptor SR-BI, in experiments based on
soluble E2 (sE2) binding (Figure 2). The role of E2 in the
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cell entry of HCV is extensively reviewed in this issue by
Dubuisson et al.
One of the major ways by which cellular Interferon alpha inhibits viral replication involves the Interferon-alphainducible double-stranded RNA-activated Protein Kinase
R (PKR). Indeed the Interferon alpha binds to the PKR
and leads to its autophosphorylation which in turn initiates the phosphorylation of eukaryotic initiation factor 2
alpha (eIF2α) by the PKR. This phosphorylation inhibits
the RNA transcription. Indeed, eIF2α is necessary to initiate the translation by forming a complex with GTP and
met-tRNA and then allowing binding to the 40S ribosomal
subunit. The E2 glycoprotein, or more precisely, a 12-amino acid domain of this protein located between residues
659 and 670 and known as PePHD (PKR-eIF2α phosphorylation homology domain), is involved in PKR inhibition.
Taylor et al[35] showed that PePHD was the main domain of
E2 able to bind PKR in vitro. The PePHD motif sequence
is very similar to that of the auto-phosphorylation sites
of PKR and its target, eIF2α, and this similarity is more
marked for genotype 1 viruses than for genotype 2 and 3
viruses (Figure 3). E2 glycoproteins of genotype 1 viruses
(HCV-1 E2) behave in vitro as pseudosubstrates, inhibiting
the kinase activity of PKR. In mammalian cells, the stimulation of translation by HCV-1 E2 is consistent with the
hypothesis of PKR inhibition. This inhibitory activity has
also been observed in a yeast model (Saccharomyces cerevisiae
expressing HCV1 E2). The replacement of HCV-1 E2
by proteins identical to those of genotype 2 and 3 viruses
abolishes this inhibitory effect. An interaction between
genotype 1 strains and PKR, via PePHD, has therefore
been proposed to account for the intrinsic resistance of
the strains of this genotype to Interferon alpha[35].
The clinical relationship between aminoacid sequence
of PePHD and the outcome of Interferon therapy has
been a matter of controversy. A few studies have addressed polymorphism of the PePHD region in patients
carrying strains of genotypes 1, 2 and 3. Abid et al studied
a small number of patients infected with genotype
1b HCV. They initially showed that in some patients
responding to treatment, the virus had a PePHD sequence
identical to that of the HCV-J strain (RSELSPLLLSTT),
calling Taylor's hypothesis into question [36]. For HCV
2a/b isolates, conflicting results about the association
of PePHD mutations and treatment response have been
published[37,38]. A number of studies focusing exclusively
on the diversity of PePHD sequences in genotype 1b HCV
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before treatment have since shown strong conservation
of this motif, regardless of the response subsequently
obtained[39,40].
The genetic heterogeneity of the E2-HVR1 region
can also be used to describe the composition of quasispecies precisely, provided a large number of clones
are analysed. The preliminary studies in this area were
based on analysis of single-strand polymorphisms or of a
restricted number of clones (less than 10). A correlation
between high levels of quasispecies complexity before
Interferon alpha monotherapy and a lack of response to
treatment was reported[41,42]. This led to the suggestion
that genetic variability ensured a reservoir of potentially
resistant strains. However, more recent studies with larger
numbers of sequenced clones or based on SSCP enhanced
sensitivity protocols have not confirmed the link between
the genetic complexity of HCV and virological response[43].
These conflicting results illustrate the problems of
methodological standardisation associated with studies of
quasispecies.
Polymorphism of the HCV non-structural regions and
impact on the treatment response.
The NS2, NS3 and NS4A/B proteins may not be implicated in the antiviral treatment resistance with the
current combination pegylated Interferon alpha plus
ribavirin. However, new therapies are in development
targeting the protease encoded by NS3 and the polymerase
encoded the NS5B. As already observed in the anti-HIV
HAART treatment, the genetic polymorphism of NS3 and
NS5B will be analysed in relation to therapy. HCV presents
a high mutation rate and the antiviral pressure may favour
the emergence of resistant strains. Mutation points have
been already observed in vitro (replicon system).
Polymorphism of NS5A and Interferon resistance
The NS5A protein is the non structural HCV protein
which is the protein most reported to be implicated in the
Interferon resistance Many interactions between NS5A
and different molecules from several intracellular pathways
have been also demonstrated in cellular in vitro systems. An
overview of the key roles of the genetic heterogeneity of
this protein will be detailed in this paragraph.
Structure of the NS5A protein: NS5A is a phosphoprotein found in a basally phosphorylated form of 56kDa
and a hyperphosphorylated form of 58 kDa. It varies in
length, from 445 amino acids in genotype 4a, 447 amino
acids in genotype 1b, 448 in genotypes 1a and 1c, 450 in
genotype 5a, 451 in genotype 6a, 452 in genotype 3 to
452 amino acids in genotype 2a and b. The amino acid
sequence varies depending on the genotype. The NS5A
protein is a pleïotropic protein involved both in the viral
replication and in many interactions with cellular signalling
pathways. Although its function remains unclear, many
domains of interest have been described in this protein
(Figure 2).
Many interactions between NS5A and cellular signalling pathways have been reported and the interacting
sequence has been identified for some of them. Although
studies have been conducted in vitro, results strongly
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suggest a potential involvement of the NS5A protein
in the establishment of a chronic hepatitis and in the
carcinogenesis and outcome of a liver tumour (for review,
see[44]). In this review, we will focus only on the protein
interaction of NS5A with the Interferon pathway.
Interaction with the cellular Interferon pathway: Phosphorylation of PKR triggered a global translastional
repression comprising the viral replication. Gale et al[45]
identified in the C-terminal NS5A a Protein Kinase R
binding domain. They demonstrated in vitro that the
NS5A protein is able to bind and inhibit the Interferonalpha-inducible double-stranded RNA-activated PKR, the
interaction occuring via the NS5A PKR binding domain.
In that way, the NS5A protein has been suggested to
balance the Interferon cellular antiviral pathway and to be
involved in the resistance to the Interferon based-therapy.
The NS5A protein is also able to interact with the
Interferon pathway in a PKR-independent manner. It
has been demonstrated in vitro that NS5A induces the
expression of the pro-inflammatory chemokine interleukin
8 (IL-8) at both the mRNA and protein levels. This
chemokine is known to inhibit directly the Interferon
alpha activity. The clinical relevance of these in vitro studies
has been reported and it appears that the IL-8 serum levels
were higher in infected patients than in healthy controls.
A second study showed an increase of the pre-treatment
IL-8 level in the non-responder than in the SVR[46,47].
Mutations in the NS5A protein and relationship with
the Interferon resistance: The 40 first amino acids of
the PKR binding domain present a high level of variability.
It was termed the Interferon sensitivity determining
region (ISDR) reported to play a key role in the Interferon
therapy response[48,49]. Molecular analysis of this 40 amino
acid region showed the potential role of mutations in
the resistance to Interferon therapy. They demonstrated
a correlation between the success of Interferon therapy
and the variability of the ISDR domain in Japanese
patients with HCV genotype 1b or 2 infection. Patients
infected with viral strains whose ISDR harbours more
than four mutations different from the HCV-J sequence
(the Japanese prototype strain defined as the wild-type)
were responders to Interferon therapy whereas patients
infected with a wild-type or strain harbouring less than
four mutations in ISDR were non-responders. Numerous
studies investigating the correlation between the mutations
in ISDR in genotype 1b HCV and the outcome of the
Interferon-based therapy have been undertaken. Japanese
results were concordant with the initial study whereas
European and north-American groups did not describe
such a correlation and debate remains controversial. A
recent meta-analysis has been conducted on 1230 ISDR
sequences from HCV 1b-infected patients by Pascu et al[50].
Sequences were provided from Japanese and European
studies. Analyses were realised by logistic regression and
clearly demonstrated an association between number
of ISDR mutations and response to the treatment both
in Japanese and European patients, irrespective from
a geographical distribution. First, controversial results
may be explained in part by the HCV European strains,
most of the European HCV 1b strains present less than
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3 mutations and it was difficult to identify a statistical
difference between the Interferon therapy response among
European infected patients. It is also important to note
that treatment schedules were not the same in Europe
and in Japan. A correlation between the variability in the
ISDR region and a SVR has been demonstrated in the
genotype 2a-infected patients. Conversely, investigations
in the patients infected by genotypes 2b or 3a did not find
any relation between the successful therapy and genetic
variability of the NS5A gene [51,52]. Additionally, in vitro
studies did not report any interaction between NS5A
genotype 3a and PKR in viral resistant strains to the
Interferon therapy[53].
The major implication of the variability in the resistance to antiviral agents has been recently pointed
out, but few studies focused on the entire NS5A protein
at the quasispecies level and its kinetics under therapy.
Inshauspe et al[54] identified another domain localised in
the C-terminal region of NS5A and termed it the V3
domain. It is 27 amino acids in length and it harbours
a high variability level. Duverlie et al[55] demonstrated a
relationship between the mutation level in V3 and the
response to Interferon therapy. Resistant strains were
highly conserved whereas sensitive strains were variable.
Our group and others confirmed this correlation[56]. We
followed HCV quasispecies diversity at baseline and under
Interferon alpha-ribavirin combined treatment in the
entire NS5A gene and in each region of interest (PKR-bd,
ISDR and V3). As reported by Puig-Basoiti et al[57], the V3
domain showed a higher quasispecies diversity in responder
patients than in non-responders in pre-treatment samples
and these data confirmed the potential role of the genetic
diversity in the success of the Interferon-based therapy.
NS3 protease as a target for specific antiviral therapy
Previous studies on the full-length genome sequence have
led to the HCV NS3 domain as being classified as one of
the less variable regions of the genome[58,59]. Nevertheless,
it appears important to consider the diversity of HCV
protease, because it is an attractive target for specific antiHCV therapy.
Catalytic functions and the three-dimensional structure of HCV NS3 protease have been reviewed in this
issue by Dubuisson et al. Some of the structural and
functional constraints affecting the NS3 protease have
been demonstrated by the definition of major domains,
including the catalytic triad, the substrate binding pocket,
the NS4A binding domain and the residues binding to the
zinc ion[60].
Natural polymorphism of NS3 protease: The diversity
of the HCV NS3 protease gene in clinical samples has
been studied[61,62]. Although the protease NS3 is considered
to be one of the less variable genes in the HCV genome,
variability of both nucleotide and amino acid sequences
exists. The proportion of synonymous substitutions
affecting the region is significantly higher than the
proportion of non synonymous ones suggesting that
the NS3 protease mutations are the products of random
genetic drift rather than of positive selection. NS3 protease
structural and chemical integrity is required for it to process
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Figure 4 Three-dimensional structure of
NS3 protease (PDB accession code 1NS3).
Polymorphism and main residues implicated in
resistance are shown. The protease is shown
based on its secondary structure in light grey.
Main polymorphic residues are shown in dark
grey. The side chains of the residues forming the
catalytic triad (H57, D81, and S139) are displayed
in dark grey ball-and-stick representation. The
NS4A cofactor is shown in dark grey and Zinc
ion as a white ball. Zn2+ ligands (C97, C99
and C149) and H145 residue are modeled in
light grey spheres. Stars correspond to the side
chains of the residues forming the S1 to S6
substrate binding pockets (grey dots cloud) of
the enzyme. Residues implicated in resistance to
protease NS3 inhibitors are shown with circles.
This figure was prepared using the RasTop
programme version 2.0.3-VF.
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the HCV polyprotein. The perpetuation of substitutions
depends in large part on the extent to which the viral
protease can tolerate them while remaining functional. The
NS3 protease appears to be tolerant, particularly in its loop
regions between helices and sheets (Figure 4). Sporadic
mutations affecting the catalytic residues have already been
observed from different patients. These catalytic-triad amino
acid mutations probably lead to a loss of function, and
therefore may be lethal. In that sense, they are not crucial
for resistance to NS3 protease inhibitors[61].
The NS3 region is known to contain a large number of
T-cell epitopes. T-cells directed against the NS3 domain
seem to be of particular importance both during the
acute and chronic phase of the disease as the CD4+ and
CD8+ T-cell response to the NS3 protease correlates with
clearance and control of the infection[63]. As reviewed by
Dubuisson et al[64,65] in this issue, the NS3 serine protease
influences the Interferon-dependent innate cellular host
defence by inhibition of RIG-1 and TLR3 signalling. As
use of Interferon alpha is the standard of care for HCV,
the potential of protease inhibition to enhance Interferon
therapy has attracted much interest.
NS3 Polymor phism and impact on response to
antiviral specific treatment: The NS3 protease threedimensional structure description has provided the
necessary detailed insight to permit rational inhibitor
design. Therapies based on such inhibitors are still at the
development and testing stage [66,67]. The generation of
such therapies based on the inhibition of site-specific
proteolysis has been clearly illustrated in the development
of effective inhibitors of human immunodeficiency virus
type 1 (HIV-1)[68].

In vitro and in vivo phase I and II studies have shown that
evaluated NS3 protease inhibitors (BILN 2061, VX-950
and SCH 503034) developed drug resistant mutations[69,70].
These new dr ugs meet the same problems of viral
resistance that exist in the specific anti-viral treatment
of HIV and HBV infected individuals. In untreated
patients, less than five percent of protease variants present
resistant mutations to inhibitors SCH6, SCH 503034 and
VX-950[61,71,72]. The reduced fitness of the most resistant
variant may explain that such variants are rarely found in
naïve patients[69,70,73]. The replicative fitness of resistant
viruses is a critical parameter of viral resistance and is
an important factor to consider in achieving sustained
virological response. It is underestimated due to low
replicative resistant strains not being detected.
Both HCV protease inhibitors evaluated in humans,
VX-950 and SCH-503034, have demonstrated a very strong
correlation between their antiviral effect, their serum
trough levels, and the development of resistance [67,74].
Changing in viral quasispecies with a selection of clones
resistant to VX-950 has been observed in patients who
experienced viral load breakthrough to VX-950 monotherapy[66]. Resistant variants may have poorer replicative
fitness than wild-type viruses. However, VX-950-resistant
clones isolated from patient plasma from the initial phase
1b study were thought to be associated with the lower
doses of monotherapy, and selection for these clones was
based on inadequate suppression of virus[70]. Four residues
in the NS3 protease, when substituted, are known to be
associated with resistance/reduced sensitivity to VX-950.
R155K/T/S/M and A156T/V, located close to the
VX-950 binding groove, a domain of NS3 protease, confer
www.wjgnet.com
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Figure 5 Three-dimensional structure of
NS5B RNA-dependent RNA polymerase (PDB
accession code 1QUV). The three subdomains
of the polymerase are shown (Fingers, Thumb
and Palm) as well as the main residues
targeted by each class of polymerase inhibitors
(NNI 1: Non nucleoside class 1, NNI 2: Non
nucleoside class 2, NNI 3: Non nucleoside
class 3, NI: Nucleoside Inhibitor). This figure
was prepared using the RasTop programme
version 2.0.3-VF.
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moderate to high level resistance to VX-950; V36A/M and
T54A located further from the binding groove confer lowlevel of resistance to VX-950 (Figure 4).
Three mutations, T54A, V170A and A156S mutations conferred low to moderate levels of resistance to
SCH-503034 in a replicon model. Mutants with A156T
substitution are highly resistant to this compound [73].
Combinations of VX-950 and SCH-503034 may be limited
by the selection of cross-resistance mutations.
The polymorphic outside residues central to NS3
protease activity and substrate binding sites, may prove to
be accessory substitutions of resistance mutations contributing to clinical resistance to HCV protease inhibitor
therapy. This has been supposed for 3 separate second site
mutations P89L, Q86R and G16R in vitro with the protease
SCH6 inhibitor [75]. Moreover, resistance to future NS3
protease inhibitors could occur through mutations arising
either in the protease gene itself or, as has been shown for
HIV-1, in cleavage sites of the protein[68].
Resistance to specific HCV inhibitors will probably
emerge in case of insufficient antiviral pressure. Viral load
monitoring and checking for emergence of NS3 protease
resistance mutations could contribute to surveillance of
sustained viral response.
NS5B polymorphism and impact of the anti-polymerase
therapy
Structure of the protein: The last gene of the HCV is
the NS5B which encodes the HCV polymerase, which is an
RNA-dependent RNA polymerase (RdRP). This 68 kDa
protein plays a central role in HCV replication and in viral
diversity because of the lack of a proof-reading activity.
The NS5B protein belongs to the tail-anchored proteins
as previously detailed by Dubuisson et al. The crystal
structure of this enzyme has been fully determined. The
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three dimensional structure is similar to other polymerases;
it shows a typical right-hand arrangement with fingers,
palm and thumb domains. This organisation forms a cavity
called a NTP tunnel in which the traffic of the nucleotides
to the active site occurs[76,77] (Figure 5).
Genetic polymor phism and enzymatic activity:
As all enzymatic proteins, the nucleic acid sequence is
a fundamental determinant of the three-dimensional
structure and it determines good enzymatic activity. It
has been shown that the active site does not tolerate any
mutations. Its amino acid sequence is highly conserved
among all HCV genotypes and any mutation may inhibit
viral replication. Several consensus sequence motifs have
also been described along the NS5B polymerase; five of
them are in the palm sub-domains (motifs A, B, C, D and
E) and one is in the finger domain (motif F)[78,79]. Most
of the single amino-acid substitutions introduced into
the conserved motifs by directed mutagenesis resulted
in decreased or abolished viral replication and enzymatic
activity[80,81].
NS5B and viral genotype: Although the NS5B protein
remains a relatively well conserved protein because of its
enzymatic function, the NS5B domain, along with other
domains of the HCV, supports a slight variability which
provides a basis for distinguishing viral type and subtype.
Indeed, the nucleic acid sequence is less conserved than
the 5'NC but sufficient to define type and viral subtype.
The relation between the structure of the NS5B and the
response to the Interferon therapy has rarely been studied
and most studies were focused on genotype 1b. Results were
contradictory. Vuillermoz et al[82] did not find any mutation
differences (point and rate mutations) between responders
and non-responders to the HCV NS5B strain; conversely
Kumagai et al[83] reported two polymorphisms in NS5B
associated with an early viral clearance in the treatment of
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HCV genotype 1b-infected patients.
New antiviral treatments targeting the HCV polymerase: The HCV polymerase represents an important
target for the new inhibitors of HCV replication and
numerous assays are currently in development using
the in vitro subgenomic HCV replicon system. Thanks
to the knowledge of the three dimensional structure
of NS5B, screening of many chemical molecules
has been undertaken. Three classes of inhibitors are
now reported and include nucleoside analogues, non
nucleoside analogues and pyrophosphate mimics. Drugs
belonging to the nucleoside inhibitors are in competition
with the substrate of the RdRP and inhibit polymerase
elongation. The binding site is localised in the fingers subdomain of the polymerase. Molecules of this class have
a 2'methylribose structure and some of them are now
well characterised[84,85]. 2'-C-Methyl-Cytidine, 2'-C-MethylAdenosine and 2'-C-Methyl-Guanosine have been shown
to be effective against genotype 1a and 1b in Con1
subgenomic replicons. A single mutation, S282T, confers
a cross resistance to all the 2'-C-Methyl-Nucleoside, and
to their prodrug as such the NM283 (prodrug of the 2'C-Methyl-Cytidine known as the Valopicitabine)[86,87]. The
R1479 (4'-Azido-Cytidine), which is another nucleoside
inhibitor, is under development [88] and a recent study
reported the mutation resistance points as S96T and S96T/
N142T. This work showed no cross resistance between
R1479 and the 2'C methyl nucleosides[89]. The NS5B genes
of non genotype 1 (2a, 2b, 3, 4 and 6) have been studied in
a genotype 1 replicon background; most of them reported
a weak replication that enabled drug sensitivity assays. It is
important to note that prototype sequences of genotype
4a and 6a encoded T282 and L495 which are implicated
respectively in the in vitro resistance to the 2'-C-Methyl
nucleoside inhibitors and to the benzimidazole nonnucleoside inhibitors[87]. NM283 (Idenix®) has demonstrated
an anti-HCV activity in the trials of phases I and II a, it
is now in the phase II b clinical development. Results of
the phase I trial of R1626 (Roche®), another nucleoside
inhibitor, were also encouraging. The first phase II development study is now starting[90].
Compounds belonging to the non-nucleoside inhibitors
(NNI) act as allosteric inhibitors that may affect the initiation
step of the polymerisation (inhibition of the conformational transition prior to the formation of an efficient preelongation complex, inhibition of RNA binding to NS5B
or non-competitive inhibitors of NTP incorporation).
Different molecules belong to this class and have distinct
targets. Indeed, three binding pockets have been localised
and are used to define each class of NNI (1 to 3). Two of
them are located in the thumb domain. The benzothiazidines
group (NNI 1) binds to one pocket located at the interface
between the thumb and palm domains and centralised
around Met414. In vitro studies have been carried out mainly
with the genotype 1b subgenomic replicon and substitutions have been shown to decrease susceptibility (M414T,
C451R, G558R, H95R)[91] or to confer resistance (H95Q,
N411S, M414L/T, Y448H)[92] to benzothiazine drugs from
different pharmaceutical companies. The second pocket,
located at the base of the thumb domain, binds to the large
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group of molecules comprising thiophene 2-carboxylic
acids, phenylalanine derivatives and substituted pyranones
(NNI 2) and the binding central amino acid is Met423.
In vitro assays reported differences in the inhibitory activity
between the different genotypes tested. For example, Howe
et al[93] showed that the susceptibility level to the HCV-371
(NNI 2) was equal among the genotype 1b isolates but
varied with genotypes 1a, 3a and 4 (5 to 59 fold less
susceptible than genotype 1b). The last pocket is located
at the top of the thumb around Pro495 and is targeted by
the benzimidazole 5-carboxamide inhibitors (NNI 3)[94].
As with the other nucleoside inhibitors, sensitivity has
been studied in vitro in the subgenomic replicon; Tomei et
al[95] have recently reported that HCV strains resistant to
benzimidazole molecules harbored a substitution in Pro495.
Interestingly, it has been shown that a chimaeric 1b:2b HCV
replicon, harbouring a genotype 2b NS5B, was sensitive to
the 2'-C-Methyl-Adenosine but completely insensitive to the
NNI 1 (benzimidazole) and NNI 3 (thiophene)[96]. These
results underlined that a genotype specificity may exist for
each anti-polymerase inhibitor.
All of these results showed the importance of genetic
diversity in the HCV therapeutic strategy. Preliminary
results, both in vitro and in vivo trials, strongly suggest a
relationship between genetic polymorphism and sensitivity
to drug. Identification of the mutations set corresponding
to each antiviral drug will be very helpful. It will represent
a chance to anticipate treatment regimes at baseline
based on the viral genotype, an approach currently only
done for HIV therapy, many years after the beginning of
HAART[97].
Finally, the genetic diversity of the HCV largely impacts in the global approach of this viral disease as in the
treatment management as well as in the development of
new HCV antiviral therapies.
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Abstract
Hepatitis C virus (HCV) is a major cause of chronic liver
disease, cirrhosis and hepatocellular carcinoma (HCC).
In man, the pathobiological changes associated with
HCV infection have been attributed to both the immune
system and direct viral cytopathic effects. Until now, the
lack of simple culture systems to infect and propagate
the virus has hampered progress in understanding
the viral life cycle and pathogenesis of HCV infection,
including the molecular mechanisms implicated in HCVinduced HCC. This clearly demonstrates the need to
develop small animal models for the study of HCVassociated pathogenesis. This review describes and
discusses the development of new HCV animal models to
study viral infection and investigate the direct effects of
viral protein expression on liver disease.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Despite the fact that infectious diseases account for at least
one-third of all deaths worldwide, our capacity to study
both their pathophysiology and host immune responses
in man is often limited by the lack of simple laboratory
models of infection. During the past decade, laboratory

animals have been used as models of human diseases.
In particular, transgenic mice models have been helpful
to the understanding of the molecular basis of human
diseases. The story of hepatitis C virus (HCV) started in
the 1970s with the emergence of patients suffering from
hepatitis syndrome which was not associated to hepatitis
A or B infection (HAV or HBV). This new agent was
named NANBH, for non-A non-B hepatitis[1]. In 1978,
Alter et al[2] demonstrated that the inoculation of NANBH
human sera in chimpanzees induced liver disease, and in
1989 Choo et al[3] identified a third viral agent for hepatitis
by cloning a non-simian cDNA from the serum of a
NANBH-infected chimpanzee. HCV infection leads to
liver cirrhosis in up to 35% of cases and hepatocellular
carcinoma develops in 2%-7% of cirrhotic patients per
year. It is now accepted that the pathobiological changes
induced by HCV infection are due to both the immune
response and the direct viral cytopathic effects of the
virus. As described by other authors in this issue, there
is no prophylactic vaccine against HCV at present, and
the therapeutic options are mainly limited by a lack of
effective long-term treatment. Like other human hepatitis
viruses, HCV needs fully functional human hepatocytes
for its development. The discovery of anti-infectious
agents and immune defense mechanisms has to date been
severely restricted by the ethical and practical constraints
of access to receptive cells. Due to the nearly strict human
tropism of HCV, only man and higher primates such as
chimpanzees have until recently been receptive to HCV
infection and development. The purpose of this review is
to focus on new HCV animal models independent of the
chimpanzee, which will enable the study of viral infection
and the direct effects of viral protein expression on liver
disease.

New animal models for HCV
infection
As summarized in Table 1, except for the chimpanzee, the
only non-human primate permissive to HCV infection
is the marmoset. Tupaia, a member of the Tree shrew
genus is equally infected by HCV. The capacity for
GBV-B, a hepatotrope virus of the flaviviridae family, to
infect tamarins and marmosets has been used as a tool
to better characterize HCV virus replication and to test
HCV antiviral drugs[4-6]. However, none of these models is
www.wjgnet.com
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Table 1 HCV infection trials in animals
Virus

Animal tested

HCV

Non human primates

Scandentia
Rodents

Chimpanzee
Marmoset
Cottontop tamarin
Cynomoglus monkey
Rhesus monkey
Green monkey
Japanese monkey
Doguera baboon
Chacma baboon
Tupaia
uPA/SCID mice
Trimera mice
Rat
Woodchuck

Infection

Original reference

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

Alter et al[2] 1978
Feinstone et al[71] 1981
Garson et al[72] 1997

Abe et al[73] 1993
Sithebe et al[74] 2002
Xie et al[75] 1998
Mercer et al[26] 2001
Galun et al[10] 1995
Wu et al[8] 2005
Abe et al[73] 1993

Table 2 Characteristics of HCV infection in three rodent models
Rodent models

Humanization

Viremia

Duration of viral infection

Comments

Publications

uPA/SCID mice

Human hepatocyte
transplantation

1 × 104 to 8 × 107
copies/mL

Up to 9 mo with
maximum viremia as
from one month

High viremia
Variability of primary
human hepatocytes
Immunosuppressed mice

Mercer et al[26] 2001
Meuleman et al[22] 2005
Kneteman et al[29] 2006

Trimera mice

Xenograft of human
liver tissue

Around 7 × 104
copies/mL

Around one month with
peak viremia at 18 d

Low viremia
Variability of human
liver tissues
Immunosuppressed mice

Rat

Immunotolerization
1-2 × 104 copies/mL
and transplantation of
a human hepatoma cell line

Minimum 4 mo with
peak viremia at 3 mo

Low viremia
Transplantation of a
hepatoma cell line
Immunocompetent rat

perfect, particularly because of their inability to produce
numerous animals in a short time (long gestation periods)
and their high breeding costs. Rodents are certainly
the most appropriate model for all biological studies.
Their short gestation period (around 20 d for mice and
rats), their small size and their low cost are particularly
advantageous. Three interesting models for HCV infection:
the immunotolerized rat model, the Trimera mouse model
and the uPA/SCID model, are being developed (Table 2,
Figure 1).
The rat model
Interestingly, Wu et al took account of the fact that the
rat immune system does not develop until 15-17 d of
gestation. They immunotolerized rat embryos to allow the
transplantation and maintenance of a human hepatoma
cell line (Huh7)[7] which could be infected with HCV[8]
(Table 2, Figure 1C). Briefly, fetal rats are tolerized by
an intraperitoneal injection of Huh7 cells into pregnant
females at the 17th d of gestation. Twenty-four hours after
birth, the rats are intrasplenically transplanted with the
same hepatoma cell line which will represent around 6% of
total hepatocytes after 14 d of development. Nearly 30%
of the transplanted human hepatocytes are positive for
www.wjgnet.com

Ilan et al[12] 2002
Eren et al[11] 2006
Wu et al[8] 2005

HCV core protein after inoculation with HCV (genotype 1)
positive human serum (Figure 1C). This new animal model
is promising but validation remains necessary, for example
by using this model to confirm the antiviral effects of
drugs used for anti-HCV therapy in humans.
The Trimera mouse model
The Trimera mouse model involves the development of
a chimeric mouse with a different source of tissue [9,10].
BNX (beige/nude/X-linked immunodeficient) mice are
preconditioned by total body irradiation and reconstituted
with SCID mouse bone marrow. These mice tolerate
the transplantation of HCV-infected liver fragments
from patients with HCV RNA-positive sera, as well
as the transplantation of an ex vivo HCV-infected liver
fragment [10-12]. The liver fragment is transplanted into
the ear pinna or under the kidney capsule. In this way,
the transplant can be maintained for several weeks and
HCV messengers were detected in the serum for up to
one month (Table 2, Figure 1B)[10-12]. The model has been
validated as a tool for the testing of antiviral components.
During a first set of experiments, an inhibitor of the
internal ribosomal entry site and an anti-HCV monoclonal
antibody were demonstrated to act as potential HCV
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Intrasplenic transplantation

A: uPA/SCID

In vivo infection
Isolated human hepatocytes

6 to 14 d old mice

Around 50 d old mice

B: Trimera
HCV infected
liver tissue

Pre-irradiated and
SCID bone marrow
reconstituted mice

Isolation human
liver tissue

Transplantation of a human
liver fragment into the ear
penna or under the capsule
surenal
Around 70 d old mice

Figure 1 Transplantation protocols of three
rodents model of HCV infection. A: uPA/SCID
model: isolation of human hepatocyte, intrasplenic
cell transplantation into homozygous mice
and in vivo infection by a HCV positive human
serum; B: Trimera model: irradiation and bone
marrow reconstitution of mice, transplantation of
intrinsically HCV infected human liver fragment or
transplantation of an ex vivo pre-infected human
liver fragment; C: Rat model: immunotolerisation
of foetal rats by in utero injection of Huh7 cells,
transplantation in new born rats with the same
hepatoma cells and in vivo infection of young
chimeric rats by a HCV positive human serum.

Ex vivo infection

Around 65 d old
C: Rat

Immunotolerisation by

Huh7 intrasplenic

in utero Huh7 injection

transplantation

Pregnant female rat

Huh7 tolerized young
rats (1 d old)

inhibitors [12] . Recently, the same team produced and
characterized two monoclonal antibodies directed against
HCV envelope protein E2. Following in vitro validation
of the ability of these antibodies to immunoprecipitate
HCV particles, they confirmed an inhibitory effect on
HCV infection[11]. Indeed, in the HCV-Trimera model,
both monoclonal E2 antibodies were shown to be capable
of inhibiting the ex vivo HCV infection of human liver
fragments (reduction of resultant viremia from 3 × 104
to 3 × 10 3 copies/mL). A reduction in viremia (3.1 ×
104 to 5 × 103 copies/mL) was also demonstrated when
these antibodies were used to treat HCV-trimera mice[11].
In conclusion, this mouse model appears to be wellsuited to evaluating the inhibitory capacity of drugs, as
had previously been shown with monoclonal antibodies
directed against HBV[13,14]. Nevertheless, we should not
forget that this approach involves the use of heterotopic
and xenogenic grafts, so that we can never be entirely sure
of the physiological relevance of observations.
The urokinase plasminogen activator protein (uPA)
immunodeficient mouse model
Historically, urokinase plasminogen uPA transgenic mice
were described in 1990 by Heckel et al[15]. The same team
then demonstrated the ability of a small number of
“normal” hepatocytes to repopulate ad-integrum the liver
of transgenic uPA mice[16]. Indeed, the overexpression of
uPA protein in hepatocytes is cytotoxic, giving rise to a
continuous liver regeneration process. Under these conditions, hepatocytes which lose the transgene by somatic
reversion, as well as healthy transplanted hepatocytes,
have a strong survival advantage over resident cells[16,17].
Based on this advantage, uPA transgenic mice were backcrossed on an immunodeficient background (SCID or
Rag2 mice) to obtain a mouse model which tolerated the
xenotransplantation of human, woodchuck and tupaia
hepatocytes [17-22]. Optimum liver repopulation requires

In vivo infection of young
chimeric (8 d old)

the intrasplenic transplantation, within one or two weeks
of birth, of high quality hepatocytes into mice which are
homozygous for both the SCID trait and uPA transgene
(Table 2, Figure 1A). The morphological and biochemical
characterization of chimeric mice revealed satisfactory
hepatic architecture and fusion of the mouse and human
structures, indicating a physiological integration of transplanted cells[20,22]. The functionality of transplanted hepatocytes was attested by their susceptibility to infection
with human hepatotropic pathogens such as Plasmodium
falciparum [23] , hepatitis B virus [22,24,25] and hepatitis C
virus[22,26-28]. It was subsequently shown that this HCV-infected humanized mouse could be used to demonstrate
the antiviral activity of two compounds which had already
been shown to be effective during clinical trials: the administration in mice of IFN α 2b and an anti protease
agent (BILN-2061) significantly reduced HCV viremia[29].
Furthermore, it was shown that the antiviral effect was
dependent on the viral genotype but appeared to be independent of the provenance of human hepatocytes.
Interestingly, another team confirmed the antiviral effect
of BILN-2061, but they also encountered cardiotoxic
adverse effects with this compound (unpublished data,
ISVHLD 2006 congress, Vanwolleghem et al). The uPA/
SCID model is therefore appropriate for testing new antiviral molecules by evaluating their efficacy and toxicity.
It is clear that the immune response to viral infection
plays a major role in the outcome of liver disease. By taking
advantage of the absence of adaptive immune response in
the chimeric uPA/SCID mouse model, Walters et al[30] were
able to investigate the role of the innate antiviral immune
response to HCV infection. The purpose of their study
was to distinguish virus-induced gene expression changes
from adaptive HCV-specific immune-mediated effects.
Globally, in the uPA/SCID mouse model, HCV infection
activates the transcription of interferon-stimulated genes
which are in particular implicated in establishing the
www.wjgnet.com
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innate immune response, and thus active in the inhibition
of HCV replication. As previously shown in HCVinfected patients and HCV transgenic mice, these authors
confirmed in the uPA/SCID mouse model the relationship
between a severe HCV infection and lipid metabolism
perturbation, suggesting that liver disease may not be
mediated exclusively by an HCV-specific adaptive immune
response. Thus, the innate immune response may play a
fundamental role in limiting the viral HCV RNA copy
number and can thus slow the progression of infection.
In summary, the recent development of small animal
models for experimental HCV infection has opened
new perspectives for the evaluation of novel therapeutic
and/or prophylactic compounds against HCV. Indeed,
these three rodent models are really promising, although
relatively complicated to use, but they present the unquestionable advantage of being much less expensive
and easier to maintain and breed than primates. The
rat model may be the most accessible, notably because
of the immunocompetent nature of the animals and
the larger number of reproducible infected animals
that could be obtained in theory using hepatocyte cell
line transplantation. The two mice models are more
physiologically relevant, in that they are based on the
transplantation of human tissue or primary hepatocytes.
The model most closely related physiologically to humans
is certainly the uPA/SCID mouse. Indeed, even if
this model is developed in an immunotolerant setting,
humanized liver may contain around 75% of human
hepatocytes as compared to just 6% of hepatoma cells in
the rat (Table 2). Furthermore, viremia clearly lasts longer
and at higher levels in uPA/SCID mice than in other
models (Table 2). Under these conditions, the uPA/SCID
mouse model appears to be the most relevant to building a
bridge between in vitro research and clinical trials.

HCV TRANSGENIC MOUSE MODELS
An increasing body of evidence suggests a direct involvement of HCV in cellular metabolic disturbances.
As described in this report, conditional expression of the
HCV genome in transgenic mice has enabled study of the
direct effect of HCV on hepatocytes, and investigation
of the molecular pathways of HCV associated with liver
injury. This has generated data crucial to our understanding
of several aspects of HCV pathogenesis. As reported
in Table 3, and despite some contradictory results, the
development of HCV transgenic mouse models has
enabled evaluation of the different, direct cytopathic
effects of HCV protein and their correlation with the
pathogenesis of chronic hepatitis C.
Hepatic steatosis and the derangement of lipid metabolism
are characteristic of HCV protein expression
Recently, a correlation between HCV infection and both
diabetes and insulin resistance was suggested, indicating
that they might be metabolic diseases associated with
viral infection[31,32]; this could be a critical factor in the
pathogenesis of chronic hepatitis C. Transgenic mouse
models have demonstrated a link between HCV core
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protein expression and elevated serum insulin levels,
associated with a minor elevation of plasmatic glucose but
without the development of diabetes[33,34]. Furthermore,
the administration of insulin resulted in higher glycemia
when compared to values in non-transgenic mice,
indicating the presence of an insulin resistance phenotype
in core transgenic mice[33,34]. This insulin resistance may
be due to down-regulation in the expression of insulin
receptor substrates 1 and 2 (IRS1 and 2), probably via an
up-regulation of the suppressor of cytokine signaling 3
(SOCS3)[35]. One possible mechanism is that HCV coreinduced SOCS3 promotes the proteosomal degradation
of IRS1 and IRS2 through ubiquitination[35]. These results
therefore provide direct experimental evidence for a
role of HCV core protein in the development of insulin
resistance mechanisms in HCV-infected patients.
Hepatic steatosis, which involves an accumulation of
intracytoplasmic lipid droplets, is a common histological
feature which is observed in more than 50% of chronic
hepatitis C carriers[36]. Both host and viral factors have been
demonstrated to play an important role in its development.
By accelerating the development of fibrosis, steatosis
may contribute to the progression of liver disease and the
development of HCC. Consistent with the implication
of viral protein in steatosis, it has been reported that
the core protein of HCV targets microsomal triglyceride transfer protein activity, modifies hepatic VLDL
assembly and secretion and increases the concentration
of monosaturated fatty acids[37,38]. Furthermore, alcohol
consumption in core transgenic mice has been shown
to increase hepatic lipid peroxidation and hepatic TNF
alpha and TGF beta expression[39]. This may participate
in activating fibrogenesis and hence the development of
HCC observed in HCV patients who abuse alcohol.
HCV and development of hepatocellular carcinoma
Epidemiological evidence favors a direct role for
HCV in the development of hepatocellular carcinoma
(HCC). Despite some contradictory results, transgenic
mouse models have demonstrated the implication
of core protein expression in HCC development.
Moriya et al [40-42] showed that core protein expression
in mice led to steatosis, oxidative stress and
ultimately HCC in aging mice. RXR alpha is activated
by c e l l u l a r r e t i n o l b i n d i n g p r o t e i n I I ( C R B P I I )
in the liver of core-expressing transgenic mice [43]; suggesting that the modulation of RXR alpha-controlled
gene expression via its interaction with core protein could
contribute to liver pathogenesis. Alterations to other
signaling pathways via activation of signal transducer and
activator of transcription 3 (STAT3), activator protein-1
(AP-1), MAPK and the suppression of SOCS-1 expression
may equally contribute to tumorigenesis in HCV coreexpressing transgenic mice[44-47]. In another core transgenic
line, the development of malignant lymphoma and
hepatocellular adenoma has been observed[48]. In other
reports, neither steatosis nor hepatic tumors were detected
in core transgenic mice [49,50]. However, HCC was more
frequently observed after diethylnitrosamine treatment or
the repeated administration of carbon tetrachloride[49,51].
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Table 3 Transgenic mice expressing HCV proteins
Viral protein

Core

Core

Original reference
of the transgenic
mouse
Moriya et al[42] 1997

Honda et al[52] 2000

Mouse
strain

Promoter

Comments

References

C57BL/6

HBV

Steatosis
HCC
Oxidative stress
Increased concentration of
monounsaturated fatty acids
Inhibition of microsomal triglyceride transfer
protein activity and VLDL secretion.
Alcohol and core protein increase lipid
peroxidation
Alteration of intrahepatic cytokine expression
and AP-1 activation
Interaction with retinoid X receptor alpha
Cooperation with ethanol activation of MAPK
Insulin resistance

Moriya et al[40] 1998
Moriya et al[42] 1997
Moriya et al[41] 2001
Moriya et al[37] 2001

C57BL/6

HBV

Core

Pasquinelli et al[50] 1997

C57BL/6

Core (Korean wt
and mutants)
Core (in T cell)

Wang et al[79] 2004

C57BL/6J

Major urinary
protein
HBV

Soguero et al[53] 2002

C57BL/6

CD2

Double Tg core
X TCR

Cruise et al[55] 2005

C57BL/6 ×
DO11.10 (H-2d)

Core

Ishikawa et al[48] 2003

C57BL/6N

Core

Kato et al[49] 2003

C57BL/6

Core
Core-E1-E2

Kamegaya et al[51] 2005

FVB × C57BL/6

Albumin

Core-E1-E2-p7

Lerat et al[62] 2002

C57BL/6

Albumin

[81]

Core-E1-E2-p7

Korenaga et al

Core-E1-E2

2005

serum
amyloid
serum
amyloid P

C57BL/6J

Albumin

Kawamura et al[82] 1997

FVB

Core-E1-E2
Core-E1-E2

Honda et al[56] 1999
Naas et al[57] 2005

C57BL/6
C57BL/6

Albumin or
major urinary
protein
H2-Kd
CMV

Core-E1-E2-NS2

Wakita et al[59] 1998

Balb/C

Cre/Lox
system (CAG
promoter)

E1-E2

Koike et al[63] 1995

CD1

HBV

E2
NS3-NS4A

Pasquinelli et al[50] 1997
Frelin et al[64] 2006

C57BL/6
C57BL/6

Albumin
Major urinary
protein

Modulation of interferon pathway
(Inhibition of SOCS-1 expression)
ER stress, apoptosis
Modulated sensitivity to Fas-mediated
apoptosis
Insulin resistance via down-regulation
hepatic IRS1 and 2
Constitutive activation of STAT3,
implication in HCC
No liver disease

Perlemuter et al[38] 2002
Perlemuter et al[39] 2003
Tsutsumi et al[45] 2002
Tsutsumi et al[43] 2002
Tsutsumi et al[44] 2003
Shintani et al[34] 2004
Koike et al[33] 2006
Miyoshi et al[47] 2005
Benali-Furet et al[78] 2005
Honda et al[52] 2000
Kawaguchi et al[35] 2004
Yoshida et al[46] 2002
Pasquinelli et al[50] 1997

Cell dysplasia for S99Q core mutant

Wang et al[79] 2004

Increased Fas-mediated apoptosis and
liver infiltration of peripheral T cells
Increased Fas ligand expression of CD4+
T cells associated with liver inflammation
Role of CXCR3 ligands via Fas induction,
during the inflammatory response
Malignant lymphoma and Hepatocellular
adenoma in old mice
Adenoma and HCC development
in transgenic mice following repeated
CCl4 administrations.
After DEN treatment, core-E1-E2 mice
develop tumors with a larger size than
core mice (diminution of apoptotic index)
Steatosis
HCC (rare)
Sensitivity to oxidative stress

Soguero et al[53] 2002
Cruise et al[55] 2005
Cruise et al[54] 2006
Ishikawa et al[48] 2003
Kato et al[49] 2003

Kamegaya et al[51] 2005

Lerat et al[62] 2002
Okuda et al[80] 2002

Increase in ROS production by mitochondrial
electron transport complex I
No liver disease

Korenaga et al[81] 2005

Sensitivity to anti-fas administration
Steatosis.
Acceleration of liver and lymphoid
tumor development
Hepatitis injury associated with HCV-specific
CTL response

Honda et al[56] 1999
Naas et al[57] 2005

Suppression of Fas-mediated cell death
HCV-specific CD8+ CTLs specifically induce
liver injury
No liver disease
Expression in salivary glands
Exocrinopathy resembling Sjogren syndrome
No liver disease
No liver disease.
Alteration of hepatic immune cell subsets.
Reduced sensitivity to TNF alpha mediated liver
disease.

Machida et al[83] 2001
Takaku et al[62] 2003

Kawamura et al[82] 1997

Wakita et al[59] 1998
Wakita et al[58] 2000

Koike et al[63] 1995
Koike et al[84] 1997
Pasquinelli et al[50] 1997
Frelin et al[64] 2006
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Full polyprotein Alonzi et al[60] 2004
C57BL/6
Blindenbacher et al[67] 2003

Full polyprotein Lerat et al[62] 2002

C57BL/6
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Alpha1
antitrypsin

Albumin

HCV-core protein in liver cells may affect the persistence
of Fas-mediated liver cell injury[52]. Liver inflammation
induced by HCV core-expression in CD4+ T cells is
associated with high expression levels of the Fas ligand
and CXCR3 chemokine induction[53-55]. In this context,
liver inflammation is abolished by anti-Fas antibody
treatment[54,55]. Similarly, transgenic mice expressing CoreE1-E2 present with hepatocyte necrosis associated with
increased Fas-mediated injury [56,57] . Furthermore, the
expression of core-E1-E2-NS2 viral proteins, as well
as of the entire HCV polyprotein, may induce steatosis
with lymphocyte cell infiltrate, mito-chondrial injury and
sensitivity to oxidative stress and HCC in aging animals[58-62].
By contrast, E1-E2, E2, NS3-NS4A or NS5A transgenic
animals have not been shown to exhibit any major
histological changes to the liver[50,63-66].
HCV and interferon pathway modulation.
In vivo experiments in transgenic mice have confirmed
that the expression of full HCV polyproteins and core
protein inhibits interferon alpha signaling. The HCV core
protein has been shown to induce an aberrant expression
of SOCS1, which can suppress Jak-STAT signaling
activation[47]. Similarly, STAT signaling was found to be
strongly inhibited in the liver of HCV transgenic mice[67].
In this model, STAT phosphorylation by Jak was not
reduced, but the binding of STAT transcription factors
to the promoters of interferon-stimulated genes was
inhibited [67]. HCV expression in the liver is associated
with the inhibition of STAT function by concomitant
induction of the expression of the protein inhibitor of
activated STAT (PIAS)[68]. This may be mediated via an
up-regulation of protein phosphatase 2A and by STAT
demethylation [68,69]. In addition, NS5 protein activates
STAT3 through interaction with Jak1[70].
In summar y, and despite some discordant data,
studies involving transgenic mice expressing one or a
combination of HCV viral proteins have been essential
to a clearer understanding of the mechanisms involved
in HCV-induced pathogenesis. However, to be rigorous
the interpretation of any data must take account of
variations in the genetic background of mice, constitutive
transgene expression and the absence of any immune
response. Nevertheless, even if we consider the variability
of morphological observations and the diversity of
www.wjgnet.com
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No liver disease
Protection against TNF alpha mediated liver
disease (inhibition of NF-kappaB activation)
Steatosis
T cell infiltrate
Inhibition of IFN alpha-induced signaling
Increased expression of protein phosphatase 2A
Hepatic steatosis, HCC
Impairment of intrahepatic immune response
(absence of elimination of adenovirus-infected
hepatocytes)
Down-regulation of pro-apoptotic CIDE-B
protein in adenovirus-infected transgenic mice
Iron overload induces increase the risk of HCC
(mitochondrial injury)

Number 17

Majumder et al[65] 2002
Majumder et al[66] 2003
Alonzi et al[60] 2004
Blindenbacher et al[67] 2003
Duong et al[68] 2004
Lerat et al[62] 2002
Disson et al[85] 2004

Erdtmann et al[86] 2003
Furutani et al[87] 2006

biochemical data, most reports strongly support a direct
role for core protein in liver pathogenesis. Core protein
may predispose subjects to HCC development through
its contribution to the onset of steatosis, fibrosis and
oxidative stress, particularly by acting on the expression of
cell growth-related genes, the interferon pathway and lipid
metabolism.

CONCLUSION
This review underlines the usefulness of rodent models in
the field of HCV infection studies. Indeed, as pointed out,
exponential information has been obtained using small
animal models which are susceptible to HCV infection or
allow HCV protein expression. The principal advance in
this area is the establishment of small animal models which
can support the entire life cycle of the virus. However, the
contribution of different viral proteins to HCV-related
pathogenesis is far from being clarified. Indeed, if we are
to reach definite conclusions regarding the mechanisms
linked to HCV pathogenesis, the next step must be to
develop a rodent model which can harbor both a human
immune system and human liver cells susceptible to HCV
infection. This rodent model will constitute a new tool to
allow the efficient screening of HCV vaccine candidates.
Finally, without forgetting the indispensable role of the
chimpanzee (which remains the optimum model to study
the efficacy of future vaccines), new animal models such
as transgenic mice and HCV infection-permissive rodents
constitute extremely promising and complementary tools
which will enable us to better understand and fight against
HCV infection.
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Abstract
Globally, hepatitis C virus (HCV) has infected an
estimated 130 million people, most of whom are
chronically infected. HCV-infected people serve as a
reservoir for transmission to others and are at risk for
developing chronic liver disease, cirrhosis, and primary
hepatocellular carcinoma (HCC). It has been estimated
that HCV accounts for 27% of cirrhosis and 25% of
HCC worldwide. HCV infection has likely been endemic
in many populations for centuries. However, the wave
of increased HCV-related morbidity and mortality that
we are now facing is the result of an unprecedented
th
increase in the spread of HCV during the 20 century.
th
Two 20 century events appear to be responsible for
this increase; the widespread availability of injectable
therapies and the illicit use of injectable drugs.
© 2007 The WJG Press. All rights reserved.
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PREVALENCE AND INCIDENCE
The estimated global prevalence of HCV infection is 2.2%,
corresponding to about 130 000 000 HCV-positive persons
worldwide (Figure 1)[1]. Because many countries lack data,
this estimate is based on weighted averages for regions
rather than individual countries. Region-specific estimates
range from < 1.0% in Northern Europe to > 2.9% in
Northern Africa. The lowest prevalence (0.01%-0.1%) has
been reported from countries in the United Kingdom and
Scandinavia; the highest prevalence (15%-20%) has been
www.wjgnet.com

reported from Egypt[2,3]. An estimated 27% of cirrhosis
and 25% of HCC worldwide occur in HCV-infected
people[4].
There are both geographic and temporal differences
in the patterns of HCV infection[5]. For example, vastly
different countries, including the United States, Australia,
Turkey, Spain, Italy, and Japan, belong to regions of the
world with similar overall average prevalences of HCV
infection (1.0%-1.9%), but have different patterns of
age-specific prevalence (Figure 2A). In the United States,
prevalence is highest among persons 30-49 years old,
who account for two-thirds of all infections, and lower
than average among persons less than 20 and greater than
50 years old [6,7]. This pattern indicates that most HCV
transmission occurred in the last 20-40 years, and primarily
among young adults, a pattern similar to that observed
in Australia[8]. In the United States[9,10], Australia[11], and
countries in western and northern Europe with similar
HCV epidemiolog y [12,13] , the g reatest variations in
prevalence occur among persons with different risk factors
for infection.
In contrast, the age-specific prevalences of HCV
infection increase steadily with age in Turkey, Spain, Italy,
Japan, and China, (Figure 2A) [14-18]. In these countries,
persons > 50 years old account for most infections,
which suggests a cohort effect in which the risk for HCV
infection was higher in the distant past, i.e., 40-60 years
previously. In many countries with this pattern, the greatest
variations in HCV prevalence occur geographically. In Italy,
Japan and China, for example, there are hyperendemic
areas of the country in which older persons have an HCV
prevalence 20-fold greater than the average overall and
1.5-2-fold greater than the prevalence among older persons
in other areas of the country[19-22].
The highest HCV prevalence in the world occurs in
Egypt, where the prevalence of infection increases steadily
with age, and high rates of infection are observed among
persons in all age groups (Figure 2B) [4,23]. This pattern
indicates an increased risk in the distant past followed
by an ongoing high risk for acquiring HCV infection,
although there are regional differences in average overall
prevalence[4,24].
Determining the incidence of HCV infection (i.e., the
rate of newly acquired infections) is difficult because most
acute infections are asymptomatic, available assays do not
distinguish acute from chronic or resolved infection, and
most countries do not systematically collect data on cases
of acute disease. Even in countries with well-established
surveillance systems, acute disease reporting systems
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Figure 1 Estimated HCV prevalence by region[1].
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country resides (see Figure 1).

underestimate the incidence of HCV infection[25-27]. For
several countries, mathematical models have been used to
infer trends in incidence, which rely on the assumption
that current age-specific prevalence reflects the cumulative
risk of acquiring infection.
In the United States, trends in HCV incidence were
modeled using age-specific incidence from reported cases
of acute disease [28] and age-specific prevalence from a
cross-sectional national survey[6]. This model showed a
large increase in the incidence of newly acquired HCV
infections from the late 1960s to the early 1980s[29]. The
estimated annual incidence was low (18 per 100 000) before
1965, increased steadily through 1980, and remained
high (130 per 100 000) through 1989, corresponding to
an average of 240 000 infections per year in the 1980s.
Since 1989, the incidence of reported cases of hepatitis
C has declined by more than 80% [30], consistent with
the finding that the national seroprevalence of infection

remained unchanged between 1988 and 2002[7]. The rate
of new HCV infections also declined in Italy in the 1990s
according to reported cases of acute disease[27]. In both
the United States and Italy, most newly acquired infections
are in young adults (30-35 years old) [30,31]. A model of
HCV burden in France, which employed death rates from
hepatocellular carcinoma in addition to cross-sectional
seroprevalence studies to estimate past incidence, showed
a trend similar to that of the United States with increasing
incidence through the 1980s [32], whereas an alternative
approach to modeling disease burden in Australia showed
a steady increase in new HCV infections in that country
from 1961-2001[8].
Several other countries have measured HCV infection
incidence by determining the rate of seroconversions in
HCV-negative cohorts followed over time. Cohort studies
conducted in hyperendemic areas in Taiwan and Japan
found incidence rates of HCV infection of 110/10 000
and 28-36/10 000 persons, respectively[15,22,33]. The mean
age of persons with newly acquired HCV infection
was 50 years in the Taiwan cohort and 40 and 60 years,
respectively, in the two Japan cohorts. Cohort studies in
Egypt found incidence rates of 0.8/1000 person-years in
an area of Upper Egypt where the background prevalence
was 9% and 6.8/1000 in the Nile Delta where the
background prevalence was 24%[34]. Sixty-seven percent of
the incident infections were in persons < 20 years old.
Because chronic liver disease may develop many years
after infection, the past incidence is a major determinant
of the future burden of HCV-associated complications[35].
In the United States and other countries where the emergence of HCV infection is a more recent event, the full
magnitude of the burden of HCV-related chronic liver
disease has yet to be realized as the duration of infection
among most infected persons has not reached the point at
which complications from chronic liver disease typically
occur [29,32]. In countries where the emergence of HCV
infection occurred in the distant past (such as Japan and
Italy), the burden of HCV-related chronic disease already
might have reached its highest magnitude, but changes
in disease transmission patterns that result in younger
persons acquiring infection could result in future increases
in chronic disease as this cohort ages[36]. In Egypt, where
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Table 1 Importance of different exposures to HCV transmission
patterns in low, moderate and high prevalence areas worldwide
The extent exposure contributes to
HCV transmission by level of HCV prevalence
Exposure
Low
Moderate
High
Injecting drug use
++++
++
+
Transfusions (unscreened) +++
+++
+++
Unsafe therapeutic injections +
++++
++++
Occupational
+
+
+
Perinatal
+
+
+
High-risk sex
++
+
+/-

there has been an ongoing high risk for decades, the high
magnitude of the current burden of HCV-related chronic
disease is predicted to continue into the future[37].

MODES OF TRANSMISSION
The most efficient transmission of HCV is through large
or repeated direct percutaneous exposures to blood (e.g.,
transfusion or transplantation from infectious donors,
injecting drug use)[10]. HCV is less efficiently transmitted by
single small dose percutaneous exposures (e.g., accidental
needlesticks)[10,38] or by mucosal exposures to blood or
serum-derived fluids (e.g., birth to an infected mother, sex
with an infected partner)[10,39,40].
There is also evidence that the environment can serve
as a reservoir for infectious virus. HCV transmission by
inapparent percutaneous exposures has been caused by
cross-contamination from reused needles and syringes,
multiple-use medication vials, infusion bags, and injectingdrug use paraphernalia [41,42]. These epidemiologic data
implicating transmission from environmental sources
of HCV are supported by an experimental study that
demonstrated the infectivity of HCV in blood after
exposure to drying and storage at room temperature[43].
Similar results have been reported for hepatitis B virus
(HBV) [44]. However, the risk for transmission of HBV
from such inapparent exposures appears to be greater,
probably because of differences in characteristics between
the two viruses, including the longer environmental
survival of HBV[44] and concentrations in the blood of
infected persons two- to four-logs higher[45].
However, in the recent cohort study in Egypt, the
strongest predictor of incident HCV infection was having
an anti-HCV–positive family member[34]. Among those that
did, incidence was 5.8/1000 PY compared with 1.0/1000
PY (P < 0.01) among those with no positive family
members. The highest incidence rate (14.1/1000 PY) was
in children younger than 10 who were living in households
with an anti-HCV–positive parent. The study did not
determine the factors responsible for this association.

RISK FACTORS
Risk factors associated with acquiring infection as
determined from cohort (prospective) and case control
(retrospective) studies of persons with acute disease (or
infection) have included transfusion of blood and blood
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products and transplantation of solid organs from infected
donors, injecting drug use, unsafe therapeutic injections,
occupational exposure to blood (primarily contaminated
needle sticks), birth to an infected mother, sex with an
infected partner, and sex with multiple partners[9,10]. Among
these, transfusion from unscreened donors, injecting drug
use, and unsafe therapeutic injections have been the most
important, however, there are temporal and geographical
differences in the extent to which these risk factors have
contributed to HCV transmission (Table 1).

BLOOD TRANSFUSION AND IATROGENIC
EXPOSURES
Transfusion-associated HCV infection was a worldwide
risk before HCV testing became available. It has been
virtually eliminated in those countries that implemented
routine HCV testing of donors[46], but in others, receipt
of blood transfusions remains an important source for
infection. Some countries continue to use commercial
donors to supplement their blood supplies, have not
considered blood safety a priority, and lack the resources
to implement donor screening[47].
Of even greater importance in the spread of HCV,
are unsafe therapeutic injections performed by both
professionals and non-professionals. It has been estimated
that approximately 2 million HCV infections are acquired
annually from contaminated health care injections, and may
account for up to 40% of all HCV infections worldwide[48].
In many developing countries, supplies of sterile syringes
may be inadequate or nonexistent, non-professionals often
administer injections outside the medical setting, and
injections are often given to deliver medications that could
otherwise be delivered by the oral route. Reuse of glass
syringes during the early campaign to treat schistosomiasis
in Eg ypt appeared to be responsible for the largest
outbreak of iatrogenic transmission of a bloodborne
pathogen ever recorded[3]. In addition to unsafe injection
practices, lack of attention to appropriate cleaning and
disinfection of equipment used in hospital and dental
settings also may be a source for HCV transmission.

ILLEGAL INJECTING DRUG USE
Injecting drug use has been the predominant mode of
transmission during the past 40 years in the United States
and Australia, and now accounts for most newly acquired
infections in many other countries, including those in
Western, Northern, and Southern Europe. Although
cumulative infection rates among young injection drug
users during the first 2-3 years of injecting have slowed
in recent years, declining from 80% during the late
1980s to 30% during the late 1990s, incidence among
new injectors remains high, ranging from 15% to >
30% annually[49]. Fewer sharing partners are necessary to
sustain HCV transmission than are necessary for other
bloodborne viruses [50], and indirect drug sharing and
preparation practices, such as backloading and sharing
cotton, cooker, and rinse water, have been associated with
HCV transmission[51]. These results indicate that harm
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reduction messages and access to drug treatment need to
be expanded to prevent new HCV infections, particularly
among young injectors.

OTHER EXPOSURES
In contrast, the contributions of occupational, perinatal,
and high-risk sexual exposures have been relatively
constant over time and with substantially less geographic
variation (Table 1)[52]. The relatively low efficiency of these
routes for transmission compared to those involving large
or repeated percutaneous exposures may explain these
differences.
Occupational transmission of HCV infection is largely
confined to health care workers who have sustained
contaminated needlestick injuries; average incidence of
anti-HCV seroconversion from an HCV-positive source is
1.8%; transmission has been associated with hollow-bore
needles and deep injuries[53]. Transmission rarely occurs
from mucous membrane or non-intact skin exposures to
blood[54], and no transmission to health care workers has
been documented from intact skin exposures to blood.
Furthermore, the prevalence of HCV infection among
health care workers, including orthopedic, general, and
oral surgeons, is no greater than the general population,
averaging 1%‑2%, and is 10 times lower than that for
HBV infection. Even more rarely, HCV-infected healthcare workers have transmitted to patients, and the risk
was extremely low-averaging about 0.5%, even for those
episodes involving surgeons.
The rate of perinatal transmission of HCV is 4% to
7% per pregnancy and occurs only when HCV RNA is
detectable in maternal serum at delivery. Transmission
may be related to higher levels (above 106 copies per mL),
although data on the effect of virus concentration have
been inconsistent [39]. Prolonged labor after membrane
rupture and internal fetal monitoring have been associated
with perinatal infection[39,55]. There has been no association
with vaginal delivery, caesarian section or breastfeeding.
Co-infection with human immunodeficiency virus (HIV)
increases the rate of transmission 4- to 5-fold.
The extent to which HCV is transmitted by sexual
activity and under what circumstances is one of the most
controversial aspects of the epidemiology of hepatitis
C. The results of different types of studies have been
inconsistent. The strongest evidence for heterosexual
activity as a risk factor for HCV infection came from
case-control studies of persons with acute non-A, non-B
hepatitis (now known as hepatitis C) in the United States
during the 1970s and 1980s, which identified sex with an
infected partner or with multiple partners as independently
associated with acquiring disease[56,57]. Since then, 15%-20%
of cases of acute hepatitis C have reported no other risk
factor except one of these sexual exposures. In contrast,
no association was found with male homosexual activity,
and cross-sectional studies conducted since 1990 of men
who have sex with men (MSM) and heterosexual persons
in long term monogamous relationships with a partner
with chronic HCV have found little evidence for sexual
transmission of HCV [10,40]. One possible explanation
for these apparent inconsistencies is that HCV is more
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likely to be transmitted by sexual intercourse when the
infected partner is in the early phase of acute infection;
virus concentration is high and there is no antibody to
complex with antigen. The early case-control studies of
acute disease were performed when the incidence of
HCV infection was at its peak. During that time a high
proportion of the general adult population had a history
of multiple sex partners [6], which may have increased
their probability of having sex with an infectious partner.
A higher rate of sexual transmission of HCV during
the acute phase of infection in combination with a high
proportion of persons having unsafe sex with multiple
partners could explain the disproportionate amount of
the HCV-related disease burden accounted for by sexual
activity relative to the low efficiency by which the virus is
transmitted by this mode, as well as the rare episodes of
infection among partners of persons with chronic HCV. A
similar association with acute hepatitis C and multiple sex
partners has been reported from Italy[58], and since 2000,
there have been reports from several European countries
of episodes of acute hepatitis C among HIV-infected
MSM[59-62].
Because of the wide variety of human activities that
involve the potential for percutaneous exposure to blood
or blood-derived body fluids, there are numerous other
biologically-plausible modes of transmission besides those
with clearly-demonstrated epidemiologic associations with
infection. These include cosmetic procedures (tattooing,
body-piercing), intranasal drug use, and religious or
cultural practices such as ritual scarification, circumcision,
acupuncture, and cupping. In most regions of the world,
there are insufficient data to determine whether these
risk factors make any measurable contribution to overall
HCV transmission. In those countries where adequate
studies have been done, none of these activities have been
consistently associated with HCV transmission[9,63].

SUMMARY
Thus, most of the HCV-related disease burden in developed countries has resulted from injection drug use,
receipt of transfusions before donor screening, and
high-risk sexual activity. In contrast, most of the disease
burden in developing countries is related to receipt of
unsafe therapeutic injections and contaminated blood.
Characterizing the epidemiolog y of HCV infection
in individual countries is crucial to developing and
implementing effective preventive measures. In some,
ensuring safe blood supplies and health-care related
procedures are the highest priorities. In others, priorities
need to focus on preventing injecting drug use, improving
access to drug treatment, harm reduction counseling,
and testing to identify HCV-infected persons for medical
evaluation and management.
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has been a major goal for virologists worldwide. All human
hepatitis viruses are very difficult to grow in cell culture,
and indeed no such system is currently available for the
hepatitis B virus (HBV). This problem is also linked to the
nature of the host cell, since highly differentiated human
hepatocytes are very difficult to maintain in cell culture.
However, it has been demonstrated that blood or serum
from chronically infected HCV patients is infectious in vivo
and does contain infectious virions suitable for the in vitro
infection of cultured hepatocytes.

Abstract

In vitro infection by HCV strains
from patients

Since the discovery of HCV in 1989, the lack of a cell
culture system has hampered research progress on this
important human pathogen. No robust system has been
obtained by empiric approaches, and HCV cell culture
remained hypothetical until 2005. The construction of
functional molecular clones has served as a starting
point to reconstitute a consensus infectious cDNA that
was able to transcribe infectious HCV RNAs as shown by
intrahepatic inoculation in a chimpanzee. Other consensus clones have been selected and established in a human hepatoma cell line as replicons, i.e. self-replicating
subgenomic or genomic viral RNAs. However, these replicons did not support production of infectious virus. Interestingly, some full-length replicons could be established
without adaptive mutations and one of them was able to
replicate at very high levels and to release virus particles
that are infectious in cell culture and in vivo . This new
cell culture system represents a major breakthrough in
the HCV field and should enable a broad range of basic
and applied studies to be achieved.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Since the discovery of the hepatitis C virus (HCV) via
molecular cloning in 1989[1], its propagation in cell culture
www.wjgnet.com

In 1992, Shimizu et al[2] were the first to report successful
HCV infection of the human T-lymphocyte MOLT4Ma and HPB-Ma lines which had been pre-infected
with murine retroviruses. In 1995, Kato et al[3] reported
similar results with the MT-2 cell line pre-infected with
HTLV-I. Use of clone 10-2 of the HPB-Ma cell line
enabled a one-year follow-up of the infection, with
neutralization by antibodies, inhibition of replication by
interferon, visualisation of 50 nm particles by immunoelectronmicroscopy and analysis of the virion density[4].
However, in these and other cell lines (Daudi, PBMC,
etc.), viral replication could be only inter mittently
detected by RT-PCR. The human hepatoma cell lines
Huh-7 and Hep-G2 could support HCV replication,
as did other hepatocytic cell lines immortalized by the
SV-40 T antigen [5] . Ito et al [6] have cultured primary
hepatocytes from chronically infected HCV patients
and have obtained relatively high viral titers in both the
cells and the supernatant medium. Primary chimpanzee
and human hepatocytes are permissive to HCV for the
very limited time during which these cells are usable[7-9].
These data indicate that HCV replication (at least) was
possible in hepatocyte and lymphocyte cell lines. However,
these systems were not reliable and could not be used
as models for studying the viral cycle in detail or for
screening antiviral drugs. These goals should be achieved
by using viral and cellular clones under stable infection
conditions[10]. Reverse genetics studies are also very helpful,
and it is noteworthy that viral genomes are generally small
enough to be engineered by today's oligonucleotide ligation
techniques, marking the passage from macromolecular
chemistry to "life"[11].

Full-length, infectious HCV cDNA
HCV is a member of the Flaviviridae and harbours an
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envelope with two glycoproteins and a nucleocapsid
containing a positive single-strand RNA genome of about
9600 nucleotides. The positive viral RNA (vRNA) has
the same polarity as mRNA and can be directly translated
in order to express the full set of viral proteins and
initiate the viral life cycle. The vRNAs are generated by
transcription of cloned, complementary DNA (cDNA)
obtained by reverse transcription. The first cloned HCV
genomes were incomplete, and a novel sequence at the 3'
terminus of the hepatitis C virus was only discovered in
1995 by use of oligonucleotide ligation or synthesis at the
3'end of the HCV genome[12,13].
The first "infectious" cDNA from HCV genotype
1 was successfully obtained by two different groups in
1997[14,15]. The HCV genome (called "H77") was cloned
from the serum of an infected patient with a high viral
titer. The sequences of many different clones were aligned,
a master consensus sequence was established and a fulllength HCV consensus sequence was then generated.
It was supposed that the viral quasispecies contained
a majority of functional genomes with a minority of
defective ones, as observed for other viruses [16]. Thus,
the establishment of a master consensus sequence is one
approach to detecting deleterious mutations in defective
virions or mutations introduced by amplification and/or
molecular cloning. The identification of an infectious
cDNA was successfully achieved, since the transcribed
RNAs were able to infect the chimpanzee when inoculated
intrahepatically. Other full-length genomic HCV cDNAs
have since been established but none of these clones have
been adapted to cell culture, as only very low levels of
replication were reported[15,17,18].

HCV subgenomic replicons
New strategies based on the subgenomic selectable HCV
replicon were developed in order to enable the selection
of cell clones containing autonomously replicating HCV
RNAs. In 1999, Lohmann et al [19] established the first
HCV genotype 1b replicon in the Huh-7 hepatoma cell
line. Replicons are subgenomic constructs expressing the
viral replicase complex and capable of autonomous viral
replication. As with other positive RNA viral genomes, the
authors constructed bicistronic vectors-allowing the exact
transcription of the HCV 5' and 3' non-translated regions
(NTRs)-and then used (1) the HCV internal ribosomal
entry site (IRES) to ensure translation of the neomycin
phosphotransferase gene (neo) and (2) the EMCV IRES
to ensure translation of the HCV replicase complex (at
least from NS3 to NS5B). Thus, neomycin-resistant cell
clones containing replicating HCV RNAs were then
selected. This successful approach enabled the selection
of highly permissive cell clones (such as Huh-7.5 and
Huh-7-Lunet[20,21]) and adaptive viral mutations (involving
principally the NS3, NS4B and NS5A regions[22]). Several
of these mutations alter the phosphorylation state of
NS5A, the hyperphosphorylated form of which appears
to be deleterious for efficient HCV replication[23,24]. These
replicons have been very valuable tools for studying HCV
replication and for testing antiviral drugs against HCV's
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major target enzymes, i.e. NS3 helicase, NS3/4A protease
and NS5B polymerase. Full-length genomic replicons
using the consensus approach (such as the wild type
Con-1) failed to produce infectious particles when tested,
since very low numbers of viral particles were obtained[25].
Indeed, the different markers enabled the selection of
replicative genomic sequences but were not appropriate for
selecting for viral particle secretion[26]. Selective pressure
acts on the replicase complex (involving most of HCV's
non-structural proteins) but not on structural proteins.
Furthermore, at least some adaptive mutations seemed
to optimize viral replication and impair viral particle
production. Interestingly, some replicons were reported as
being free of adaptive mutations and were able to replicate
at a very high rate[27].

Viral production in cell culture
Eventually, one of the above-mentioned full-length
replicons was found to release viral particles [28]. The
replicon was a HCV genotype 2a clone called JFH-1,
constructed by Takaji Wakita's group and isolated from
a Japanese patient with fulminant hepatitis [29]. It is the
first authentic HCV clone considered by the scientific
community as capable of g rowing in cell culture.
Transfection of the full-length JFH-1 genome into Huh-7
cells leads to the production of HCV particles that are
infectious for naive cells and for chimpanzees. Given that
full-length genomic RNA derived from other clones of the
same genotype or different HCV genotypes was again not
infectious in a cell culture system, chimeric viruses were
constructed successfully. Hence, the sequences coding
for the HCV JFH-1 structural proteins were replaced
by the corresponding sequences from different HCV
genotypes[30,31]. The HCV chimera's junction was situated in
the NS2 protein, just after the first transmembrane domain
in a junction region which has also been identified in the
rare, naturally-occurring recombinant forms of HCV
(generally found in isolates from intravenous drug users[32]).
However, the viral titer obtained for most constructs was
low, with the exception of the FL-J6-JFH1 chimeric 2a-2a
recombinant virus. This homologous, chimeric form
was shown to be infectious in the chimpanzee, and the
virus recovered from the infected animal was infectious
in cell culture. Comparison of the viral titers obtained by
Dr. Wakita's group with those observed by other groups
indicates that cell culture conditions may influence viral
production. Continuous passages of infected cells or
successive infections of naive cells with the supernatant
of infected cells leads to an increase in viral production.
This finding suggests that certain mutations are probably
selected during the infection. Determinants present in the
structural proteins may be important for viral release and
infection in cell culture. Thus, a detailed study of the key
features enabling operation of the complete HCV cell
cycle should enable researchers to cultivate other isolates.
Very recently, a genotype 1a (H77) virus production system
producing low viral titers has been described[33].
Another improvement concerns the cell line used
for HCV culturing. Certain clones of the Huh-7 cell line
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Figure 1 Infection of different hepatoma cell lines by JFH1 virus. HepG2 not expressing the CD81 receptor, HepG2 expressing the CD81 receptor and Huh-7 cell- lines
were used for the infection. Cells seeded at between 3 and 5. 105 cells per well in 24-well plates were incubated for 2 h at 37℃ with 200 mL of culture medium containing
infectious JFH1 virus (obtained after successive re-infection of naive Huh-7 cells). Cells were processed and immunostained for the detection of capsid, as previously
described (Rouillé et al., 2006, J Virol, 80). The Figure shows the detection of HCV capsid protein in HepG2-CD81 and Huh-7 cells but not in HepG2 cells. Re-infection of
naive HepG2-CD81 and Huh-7 cells is effective with the resulting supernatant from each infection.

were found to far better than others for growing HCV.
"HCV-cured clones" produced by antiviral agents and
Huh-7 subclones (such as Huh-7.5 and now Huh-7.5.1[34]
or Huh-7-Lunet) support more efficient viral replication
and production. Detailed studies have shown that some
important features (such as high levels of CD81 receptor
expression or perhaps SR-B1 or claudin-1 very recently
identified by the Rice's group) could increase viral production and spreading. Indeed, as shown in Figure 1,
HepG2 cells which are not usually susceptible to HCV
can be infected by the JFH1 virus when they express
CD81[30]. Furthermore, defects in innate immunity (such
as deficiencies in interferon induction or production)
could increase the cell line's permissivity[35,36]. Identification
of new cell lines of hepatic (or perhaps lymphocyte)
origin could improve our understanding of certain physiopathological aspects of hepatitis C. Equally, HCV production in cell lines from other species (such as murine
cell lines) could help to establish a small animal model of
HCV infection.
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Abstract
The innate immune response is triggered by a variety of
pathogens, including viruses, and requires rapid induction
of type I interferons (IFN), such as IFNβ and IFNα. IFN
induction occurs when specific pathogen motifs bind to
specific cellular receptors. In non-professional immune,
virally-infected cells, IFN induction is essentially initiated
after the binding of dsRNA structures to TLR3 receptors
or to intracytosolic RNA helicases, such as RIG-I /MDA5.
This leads to the recruitment of specific adaptors, such
as TRIF for TLR3 and the mitochondrial-associated
IPS-1/VISA/MAVS/CARDIF adapter protein for the RNA
helicases, and the ultimate recruitment of kinases, such
as MAPKs, the canonical IKK complex and the TBK1/IKKε
kinases, which activate the transcription factors ATF-2/
c-jun, NF-κB and IRF3, respectively. The coordinated
action of these transcription factors leads to induction
of IFN and of pro-inflammatory cytokines and to the
establishment of the innate immune response. HCV can
cleave both the adapters TRIF and IPS-1/VISA/MAVS/
CARDIF through the action of its NS3/4A protease. This
provokes abrogation of the induction of the IFN and
cytokine pathways and favours viral propagation and
presumably HCV chronic infection.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The innate immune response is triggered in response to
a variety of pathogens, such as bacteria and viruses, and
is essential for a rapid limitation in the spread or action
of these pathogens. The type I interferons, represented
by IFN β and by different subtypes of IFN α , play an
important role in this process as they can mount an
immediate antiviral response and stimulate adaptative
immunity[1] Type I interferons are secreted proteins that
exert their function after binding to specific IFNAR
receptors and after activation of the JAK/STAT signalling
pathway [2] . They are potent and can induce over 300
genes, collectively referred to as interferon stimulated
genes (ISGs)[3]. Because of their antiviral, antiproliferative
and immunomodulatory activities, IFNs are used for the
treatment of different tumors and viral infections, such as
HBV and HCV. Under normal physiological and health
conditions, however, IFNs are expressed at a minimum
level and their induction in response to a pathogen involves
a complex and well orchestrated cellular machinery.
Microbial agents are recognized through some of
their motifs or pathogen-associated molecular patterns
(PAMPS) by specific cellular receptors, referred to as PRRs
(pathogen-recognition receptors). The PAMPs responsible
for IFN induction can be bacterial external compounds,
such as lipopolysacharides (LPS), viral envelopes and
nucleic acids including dsRNA, ssRNA and DNA. The
PRRs are members of the toll-like receptors (TLRs) family,
located either at cellular (TLR4 for LPS and viral envelops)
or endosomal membranes (TLR3 for dsRNA, TLR7/8
for ssRNA and TLR9 for DNA)[4-7]. In addition to this,
another route of induction takes place in the cytosol
through activation of specific RNA helicases, such as
RIG-I and MDA5[8,9]. The cellular type plays an important
role in the specificity of induction, since IFN is induced
in the immune plasmacytoid cells through TLR7/8
(ssRNA) and TLR9 (DNA), while its induction in the nonprofessional immune cells, including dendritic cells (DCs),
requires the endosomal TLR3 or the intracytoplasmic
RNA helicase[10].
At the transcriptional level, IFN induction requires
the conjugated action of the three transcription factors:
ATF2/c-jun, NF-κB and IRF3. ATF2/c-jun and NF-κB
are activated in response to various stimuli, such as growth
factors and pro-inflammatory molecules, by phosphorylation
through the MAPK cascade and the canonical IKK α/β/γ
complex, respectively. IRF3 phosphorylation is triggered by
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a viral infection, after incubation of cells with dsRNA or
after introduction of dsRNA by transfection[11]. The kinases
responsible for IRF3 phosphorylation, which were referred
to as VAK for virus-activated kinases for some years[11], were
identified in 2003 as the two non-canonical IκB kinases:
TBK1 (Tank binding kinase 1, also known as NAK for NF[12,13]
κB activating kinase) and IKKε .

THE TLR3/TRIF PATHWAY
After binding to their respective PAMPs, the TLRs recruit
adaptor proteins through homotypic interactions with
their cyoplasmic TIR (Toll/IL-1 receptor) domain. All
TLRs, except TLR3, recruit MyD88, which links them to
the NF-κB and MAPK pathways through activation of
the IRAKs (IL-1 receptor associated kinases) and TRAF6
(TNF receptor associated factor 6). In contrast, TLR3,
upon dsRNA binding, recruits a different adapter, named
TRIF (TIR domain-containing adapter inducing IFN-b) or
TICAM (TIR-containing adaptor molecule-1)[14,15]. TLR4
can also induce IFN through TRIF, but, in that case, it
recruits TRIF indirectly through interaction with another
adaptor called TRAM (TRIF related adaptor molecule) or
TICAM-2[16]. TRIF interacts with a number of signaling
molecules, such as TRAF6, which in turn activate the
NF- κ B and MAPK pathways [17,18] . In addition, it can
also activate NF-κB through interaction with the kinase
RIP-1 (receptor interacting protein-1) [19]. Importantly,
TRIF is involved in IRF3 activation by recruiting TBK1
and, presumably, also IKK ε , although this remains
controversial[13,17]. TRIF can also recruit TRAF6, which
activates the NF-κB and the MAPK pathways[17,18], NAP-1
(NAK associated protein-1) and TRAF3, which are both
involved in IFN induction, although their exact role still
needs to be clarified [20,22]. Through all these different
interactions, TRIF triggers induction of IFN and proinflammatory cytokines (Figure 1).
In accord with a role for TLR3 in IFN induction in
response to dsRNA, TLR3 deficient mice present a strong
reduction in their ability to induce IFN and proinflammatory
cytokines when injected with synthetic or viral dsRNA.
These mice are also more susceptible to infection by
MCMV[5]. TLR3 is expressed in endosomal compartments
and is abundant in conventional dendritic cells, therefore
allowing immediate activation of the immune response.
TLR3 has also been shown to be important in crosspriming,
therefore allowing CD8+ T-cell response at the site of
virally-infected tissue cells[23]. However, the role of TLR3
in the antiviral response is probably more complex. For
instance, infection of TLR3-deficient mice with West Nile
virus (WNV) resulted in a better survival of these mice to
the infection than the TLR3-wt mice, in which the infection
provoked a TLR3-dependent inflammatory response,
associated with brain penetration of the virus and neuronal
injury[24]. Similarly, TLR3-deficient mice had an unexpected
survival advantage to Influenza A virus (IAV), which is
a highly contagious acute respiratory disease, despite a
higher viral production in the lungs, because these animals
displayed significantly reduced inflammatory mediators than
the wt animals in the bronchoalveolar airspace[25].
Like TLR3, the TLR 7, 8 and 9 are expressed in en-
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dosomal compartments but their expression is restricted
to a subtype of dendritic cells, which are the plasmacytoid
dendritic cells (pDCs). These latter cells represent less
than 1% of the circulating PBMCs but can release massive
amounts of IFN-α in the blood. They were previously also
named NIPC for Natural Interferon Producing Cells[1].
Induction of IFN by these TLRs, in response to ssRNA
(TLR7.8) or DNA (TLR9) is exclusively MyD88-dependent
and does not require TRIF. In this situation, the signaling
events leading to IFN induction involve recruitment of
TRAF6, IRAK4 and the transcription factor IRF7. This
provokes IRF-7 phosphorylation and direct induction of
IFNα. This signaling process is possible because of the
constitutive presence of IRF7 in the pDCs[26,28].

THE RNA HELICASE PATHWAY
TLR3- and TRIF-deficient mice are impaired in their
ability to induce IFN in response to dsRNA and they may
become sensitive to viral infections[5,29]. However, their
response to dsRNA is not totally abolished and they are
still resistant to some viral infections, such as VSV (vesicular
stomatitis virus) or SeV (Sendai virus)[30]. This suggested
the existence of novel IFN-inducing pathways, which
were independent of the TLR3/TRIF axis. A role for the
dsRNA-dependent protein kinase PKR was unlikely since
earlier studies showed that this kinase was not required
for IRF3 or IRF7 phosphorylation[31]. Furthermore, the
induction of T cell stimulatory molecules was normal and
induction of IFN-β was only slightly suppressed in DC
from PKR-deficient mice[32].
Human K562 cells lack the entire IFN-encoding locus
and do not activate IRF3 after virus infection, unless
they are treated with IFNβ. An expression cDNA library
generated from IFNβ-treated K562 cells was therefore
generated and screened for stimulation of the transcription
of an IRF-dependent reporter in the presence of the
synthetic dsRNA poly(I)-poly(C), after transfection in
murine L929 cells. This led to the isolation of one clone
encoding for the caspase activation recruitment domain
(CARD)-containing the N terminal domain of the DexD/
H box helicase RIG-I [8]. The presence of CARD allows
recruitment of proteins through homotypic interactions.
RIG-I was initially described as being induced by Retinoic
Acid (RIG = retinoic acid inducible gene)[33]. It was also
shown to be induced by IFNγ[34], TNF-α and IFNα[35].
RIG- I belongs to a family of RNA helicases that also
contains MDA-5 (melanoma differentiation associated
gene-5) [36] and LGP2 [37]. MDA-5 is highly homologous
to RIG-I (23% identity in the CARD and 35% identity
in the helicase domain). Both proteins bind dsRNA and
transmit signaling through their RNA helicase/ATPase
domain, probably by a conformational change, which
enables their N-terminal CARD domain to initiate the
downstream signaling events leading to ATF2/C-jun, NFκB and IRF3 activation. In contrast, LGP2, which shows
31% and 41% identity with the RNA helicase domains
of RIG- I and MDA5, respectively, lacks the CARD
domain and thus probably has a negative regulatory role
on the RIG-I /MDA5 pathway[38]. It is interesting to note
that all three RNA helicases, i.e., RIG- I , MDA5 and
www.wjgnet.com
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LGP2, are IFN-inducible proteins. Yet, they are directly
involved in the very first step of IFN induction, at least
for RIG-I and MD-5. This indicates that the early steps
of IFN induction already require significant cytosolic
expression of these RNA helicases. Accordingly, RIG-I
can be independently induced in response to different
stimuli, such as TNF-α[35]. It is therefore possible that
virally-induced inflammatory processes are important to
generate the required amounts of RIG-I necessary for
triggering IFN induction. Although RIG- I and MDA5
present strong similarities, they apparently do not have
similar functions in cells. For instance, deletion of the
RIG- I gene is lethal with most of the embryos dying
between 12 and 14 d and with mice born alive dying
after 3 wk. The developmental defect of the RIG-I -/embryos was linked to massive liver degeneration[10]. In
contrast, MDA-5 deficient mice are healthy[39]. Most cell
types derived from the RIG-I deficient embryo are unable
to produce type I IFN and inflammatory cytokines, such
as IL-6, upon SeV infection[10]. Interestingly, systematic
comparison of RIGI and MDA5 deficient MEFs showed
that the two RNA helicases differ in their specificity for
IFN induction. RIG-I was required for IFN induction by
in vitro transcribed RNAs and by the following viruses:
SeV, NDV, influenza virus, VSV or JEV, while MDA5 was
required for IFN induction by poly(I)-poly(C) and the
picornaviruses EMCV, Theiler and Mengo[39,40]. The reason
for this discrepancy was recently solved independently
by two groups who showed that the ligand for RIG-I is
an uncapped 5' triphosphate RNA, which is a situation
found in viruses of the Flaviviridae family, including HCV,
and non segmented viruses, such as Paramyxoviruses
and rhabdoviruses. In contrast, MDA5 recognize viruses
with protected 5' RNA ends, such as in the case of
picornaviruses[41,42].

THE IPS-1/VISA/MAVS/Cardif ADAPTER
In 2005, four g roups independently repor ted the
www.wjgnet.com
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Figure 1 Schematic representation of the dsRNAactivated TLR3 and RNA helicase IFN inducing pathways.
dsRNA: double-stranded RNA; TLR3: Toll-like receptor 3;
RIP-1 Receptor interacting protein -1; TRIF: TIR (Toll/IL1-like receptor) domain-containing adapter inducing
IFN-b; TRAF2, TRAF3 and TRAF6: TNFR-associated
factor; NAP-1: NAK ( NF-kB activating kinase) Associated
Protein-1; TBK1: TANK (TRAF family member-associated
NFkB activator) Binding Kinase 1 (also known as NAK);
IKKe: IkB kinase epsilon; TAB: TAK binding protein; TAK:
TGFb-associated kinase; IKKg: also known as NEMO
(NF-kB Essential Modulator), associates with the IKKa
and IKKb kinases; IKKa IkB Kinase a; IKKb IkB Kinase
b; MAPK: Mitogen activated protein kinase; IkB: Inhibitor
NF-kB; P65: NF-kB subunit; P50: NF-kB subunit; AP1:
ATF2/c-jun transcription factor; IRF3: Interferon regulatory
factor 3; RIG-I: Retinoic inducible gene-1; MDA5: Melanoma
differentiation associated gene 5; CARD: Caspase
association recognition domain; IPS-1: Interferon-b
promoter stimulator 1; MAVS: Mitochondrial antiviral
signaling; VISA: Virus-induced signaling adaptor; CARDIF:
CARD adapter inducing IFNb; PRO: Proline rich domain;
FADD: FAS associated protein via death domain. IL-1, IL-6
and IL-12: Interleukines, TNF-a: Tumor necrosis factor a;

identification of an adapter protein that links the RNA
helicase to the downstream MAPK, NF- κ B and IRF3
signaling pathways. This protein is referred to as IPS-1
(Interferon- β Promoter Stimulator 1 [43]), VISA (VirusInduced Signaling Adaptor [44]), MAVS (Mitochondrial
AntiViral Signaling [45]) and CARDIF (CARD adapter
inducing IFNβ[46]). This protein was previously identified in
a cDNA library screen as a NF-κB activating molecule[47].
In the absence of a consensus name for this protein, it will
be referred to here as CARDIF, in acknowledgment of the
group that first presented the sensitivity of this protein to
cleavage by the HCV NS3/4A protease (46; see below).
The particularity of this adapter protein is localization
to the mitochondrial membrane through a specific
transmembrane domain located at its C terminus[45]. The
540 residue CARDIF protein associates with the tandem
CARD domain of RIG- I through its own N-terminal
1-77 CARD-like domain. Coprecipitation assays showed
that CARDIF associates strongly with RIG-I and weakly
with MDA5[46]. Another important feature of CARDIF
is a proline rich region (103-173 residues) near the N
terminus, through which it interacts with several signaling
components including TRAF6, TRAF2[44], RIP1, FADD[43]
and more recently, TRAF3[48] (Figure 1). It is still unclear
how TBK1 and IKK ε associate with CARDIF. In one
report, TBK1 was found to associate with CARDIF and
IKKε was not examined[44]. In another study, neither of
these kinases was found to associate with CARDIF but the
data were presented only for TBK1[43]. In contrast, a strong
association of CARDIF with IKKε and no interaction
with TBK1 was presented[46]. In accord with the latter,
recent confocal microscopy analysis demonstrated a tight
colocalization for IKKε with the mitochondrial protein
CARDIF, whereas TBK1 was associated with other
vesicles[49]. Using coprecipitation techniques, our group also
recently confirmed association of CARDIF with IKKε but
not with TBKI (Vitour et al, unpublished observations).
The CARDIF deficient mice are viable and fertile. Upon
viral infection, such as VSV, they can produce IFNα and

Meurs EF et al . HCV inhibits IFN induction

IFNβ in their sera, as measured by ELISA, presumably
through TLR activation, for instance in pDCs. However,
they failed to produce IFNα, IFNβ and IL-6 after poly(I)poly(C) injection, which is reminiscent of the defect in
MDA5 deficient mice to respond to poly(I)-poly(C)[39].
Infection of the CARDIF -/- and -/+ mice with different
concentrations of VSV showed a VSV-induced mortality
that was both dependent on the CARDIF gene dosage and
viral titer. Since VSV was shown to induce IFN through
RIG-I , these in vivo experiments firmly demonstrate that
CARDIF is involved in both the IFN inducing pathways
mediated by RIG-I and MDA5[50].

THE TBK1 AND IKKε KINASES
The TBK1 and IKKε kinases play an essential role
in the induction of IFN and inflammatory cytokines
through their ability to phosphorylate serine residues at
the C terminus of both IRF3 and IRF7. This provokes
a change in the conformation of these transcription
factors, promoting their dimerization and then their
binding to their DNA consensus binding sites [12,13,51] .
The two kinases are enzymatically similar with strong
sequence identity. Accordingly, they behave similarly in
their ability to activate IRF3 and IRF7 and in their ability
to phosphorylate the IκBα inhibitor of NF-κB at its Ser
36 residue, whereas the two structurally related IKKα and
IKKβ kinases phosphorylate IκBα at residues Ser32 and
Ser36[52]. Although very similar, TBK1 and IKKε present
some differences that may be of importance. For instance,
deletion of the TBK1 gene leads to embryonic lethality at
d 15[53], wheras IKKε deficient mice are viable[54]. Another
difference is the fact that IKKε is more closely associated
with CARDIF than TBK1[46,49]. Finally, both IKKε and
TBK1 were shown to sustain the NF-κB transcriptional
activity through the phosphorylation of specific serine
residues at the C terminal transactivation domain of the
cRel[55] or RelA p65 subunit[56,57]. Interestingly, however,
IKKε was found to play a more critical role than TBK1 in
controlling the basal/constitutive p65 phosphorylation[57].
This new finding coupled to the fact that IKKε can sustain
its own expression via NF-κB and c/EBPδ transcription
factors[58,59], whereas expression of TBK1 is constitutive,
provides a link to suspect a role for IKKε in controlling
the proliferation of certain cancer cells. In contrast, TBK1
could play a major role in IFNβ induction. Indeed, studies
with TBK1 and IKK ε murine deficient cells pointed
out a more important role for TBK1 than for IKKε in
IFN induction in response to LPS, dsRNA (delivered
intracytoplasmically) and to virus infection. However,
use of the IKKε/TBK1 doubly deficient cells revealed a
complete abolition of IFNβ induction[54].

THE HCV NS3/4A PROTEASE AND THE
IFN INDUCING PATHWAYS
The current treatment against HCV, a combination of
pegylated IFN and ribavirin, leads to viral clearance in
50% to 80% of cases. The efficacy of treatment depends
on several factors, such as age and sex of the patients, viral
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parameters, such as genotypes and viral load, and host
immune parameters[60]. HCV can interfere with the cellular
response to IFN through some of its proteins, which can
target the JAK/STAT signaling pathway that is activated
in response to the binding of IFN to its receptor[61-63],
or through other interactions leading to inhibition of
the induction or the function of some ISGs[64]. In 2003,
the HCV NS3/4A protease was shown to interfere with
IFN induction by preventing IRF3 phosphorylation [65].
This important finding was achieved at the same time
as the identification of the two kinases leading to IRF3phosphorylating kinases, TBK1 and IKKε[12,13].
The HCV 70 Kda NS3 protein presents a serine
proteinase domain at its N terminus (aa 1-180) and an
RNA helicase domain at its C-terminus (aa 181-631)
(reviewed in[66]). Its helicase activity is coordinated by ATP
and allows NS3 to move along the RNA like an inchworm
to catalyse RNA unwinding[67]. This activity is important
for HCV replication. The protease activity catalyses the
following cleavages of the viral polyprotein: NS3-NS4A,
NS4A-NS4B, NS4B-NS5A and NS5A-NS5B with the
following efficiency: NS5A/5B > NS4A/4B > NS4B/5A.
Cleavage between NS3 and NS4A is an intramolecular
reaction and the rest of the cleavages are mediated in
trans[68]. NS4A is a small protein of 54 aa that acts as a
cofactor to enhance the NS3 protease activity. For this
reason, and also because the NS3 requires a noncatalytic
structural zinc ion for its protease activity, this enzyme
is unique among the other members of the trypsin
superfamily to which it belongs[66]. The catalytic domain of
NS3 is formed by a triad of three important residues, S139,
H57 and D81. After cleavage of the NS3/4A junction,
the C-terminus of NS3 forms a β-strand that occupies
the proteinase active site and thus protects it. In contrast
with other proteinases, the substrate binding site of NS3 is
shallow and solvent-exposed and its selective recognition
of substrates requires extended contact surface. The
active site of NS3 is well conserved among the different
genotypes and the HCV sequences that are cleaved by
NS3/4A have the consensus sequence D/E-XXXX-C/T
↓S/A-XX-L/W/Y (Table 1). The cleavage sequence and
protease specificity of NS3/4A protease have been well
characterized since 1993 and it was conceivable that,
due to its ability to cleave in trans, the NS3/4A protease
may be able to cleave cellular proteins in addition to the
processing of the viral proteins.
Analysis of the mechanism(s) by which NS3/4A was
inhibiting the IRF3 phosphorylation allowed determine
that this protease was acting upstream of the two TBK1/
IKKε kinases and was affecting both the TLR3/TRIF
pathway and the RIG-I helicase pathway[69,70]. Disruption
of IFN induction through TLR3/TRIF was shown to be
due to the cleavage of the TLR3 adapter TRIF by NS3/
4A[71], while disruption of IFN induction through the RIGI pathway was due to the cleavage of the mitochondrial
adapter protein IPS-1/MAVS/VISA/CARDIF [46,49,72].
Cleavage of TRIF occurs between its Cys372 and Ser373
residues, which separates its TIR domain from the TBK1interacting N terminus domain. It is interesting to note that
the TRIF cleavage site (PSSTPC↓SAHLT) differs from
www.wjgnet.com
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Table 1 Sequence of the NS3/4A -mediated cleavages in HCV polyprotein from different genotypes
Name

Genotype (GI)

NS3/4A

NS4A/4B

NS4B/5A

NS5A/5B

Reference

H77

1a (GI: 2316097 )
1b (GI: 23957856)

JFH1

2a (GI: 13122261)

NZL1

3a (GI: 514395)

ED43

4a (GI: 2252489)

SA13

5a (GI: 3660725)

6a33

6a (GI: 57791993)

QEFDEMEEC
SQHLPYIE
REFDEMEEC
ASHLPYIE
EAFDEMEEC
ASRAALIE
QQYDEMEEC
SQAAPYIE
QQFDEMEEC
SKHLPLVE
QQFDEMEEC
SASLPYMD
QQFDEMEEC
SRHIPYLAE

ISSECTTPC
SGSWLRDI
INEDCSTPC
SGSWLRDV
ITEDCPIPC
SGSWLRDV
INEDYPSPC
SDDWLRTI
INEDCSTPC
STPCAESW
IGEDYSTPC
DGTWLRAI
VNEDTATPC
ATSWLRDV

ADTEDVVCC
SSYSWTGA
EAGESVVCC
SMSYTWTG
EEDDTTVCC
SMSYSWTG
SEEQSVVCC
SMSYSWTG
SGSEDVVCC
SMSYSWTG
SDEDSVVCC
SMSYSWTG
SDQDDVVCC
SMSYSWTG

Kolykhalov et al, 1997

HCV-N

MSADLEVVT
STWVLVGG
MSADLEVVT
STWVLVGG
MQADLEVMT
STWVLAGG
MSADLEVTT
STWVLLGG
MSADLEVVT
STWVLVGG
MSADLEVIT
STWVLVGG
MSADLEVIT
STWVLVGG

Beard et al, 1999
Kato et al, 2001
Sakamoto et al, 1994
Chamberlain et al, 1997
Bukh et al, 1998
Zhou et al, 2004

The sequence of the junction between the non structural proteins NS3 and NS4A (NS3/4A) , NS4A and NS4B (NS4A/4B), NS4B and NS5A (NS4B/5A) and NS5A
and NS5B ( NS5A/5B) is given for 6 different HCV genotypes. The gene accession number (GI) for each is given in the Genotype column. For each sequence, the
space indicates the NS3/4A-cleavage site. The consensus cleavage site is given in the text.

the HCV consensus cleavage site by a proline at the P6
position instead of an acidic residue. Strikingly, this proline
is preceded by a stretch of 7 prolines and it is thought that
this particular sequence may enhance the affinity of TRIF
for the NS3 protease[73]. This stretch of proline, which can
form a left-handed polyproline II helix may compensate
for the absence of acidic residue at the P6 position, which
normally is contributing to enhance the Km values in the
viral natural substrates. A helix composed of hydrophobic
residues was identified in the NS3 protease domain, not
far from the protease active site and may represent a
possible site to anchor TRIF near the active site of NS3[73].
The CARDIF cleavage site at the 508 residue, EREVPC↓
HRPS, presents more similarity with the HCV consensus
cleavage site, except that there is a histidine residue at
position P'1 instead of a serine or alanine[46]. Because of
this, it is possible to conceive that several cellular substrates
for NS3/4A exist. However, they may be difficult to
depict, based solely on sequence examination, if, similarly
to TRIF and CARDIF, they diverge from the consensus
NS3/4A cleavage sequence. The highly specific productbased macrocyclic NS3 protease inhibitor BILN 2061[74]
and the less toxic new generation of another class of
NS3 inhibitors, referred to as electrophilic or serine-trap
inhibitors, such as VX-950[75] and SCH6[76], probably exert
their high inhibitory effect on HCV infection, not only
by preventing HCV expression[77] but also by preventing
NS3/4A to interfere with IFN induction.

HCV INFECTION AND THE RIG-I /Cardif/
TBK1/IKKε PATHWAY
The ability of HCV to inhibit the early events of IFN
induction emphasizes the impor tance of the IFN
signalling pathways and may therefore represent one of
the mechanisms by which this virus compromises the host
immune response and favours its propagation. Indeed, the
in vitro propagation of infectious particles of HCV genotype
2a[77-79] and HCV of genotype 1a[80] is now highly promoted
by infecting a Huh7 cellular clone that was previously
isolated for its high susceptibility to HCV replicons[81].
www.wjgnet.com

The particularity of this clone, known as Huh7.5, is to
contain a mutation in the first CARD domain of RIG-I .
This mutation does not prevent the binding of RIG-I to
dsRNA but abolishes its ability to activate downstream
elements and is likely the one responsible for the inability
of this clone to induce IFNβ and early ISGs in response
to a viral or dsRNA stimulus. Indeed, complementation
of Huh7.5 cells with a plasmid expressing RIG-I restores
ISG56 induction in response to SeV or with in vitro
transcribed HCV dsRNA-containing structures, such as
its NTRs (non translated regions)[82]. The 5' and 3' HCV
NTRs were proposed as the HCV elements required
for RIG-I activation immediately after internalisation of
the viral genome into the cytosol[82]. This was confirmed
recently with a study showing the importance of 5'
triphosphate in blunt-end dsRNA to signals to IFN
induction and allowing the cell to discriminate between
self and non self [83] and with the identification of 5'
triphosphate RNAs as being the ligand for RIG-I [41,42].
The possibility of using the JFH1 recombinant virus
of genotype 2a to infect cell cultures in vitro now gives
the possibility to analyse the interaction of HCV with
IFN induction pathways in more natural conditions of
infection. Indeed, specific cleavage of CARDIF, but
not of CARDIF C508A in which the NS3/4A cleavage
site has been abolished, could be demonstrated after
transient transfection in JFH1-infected Huh7.5 cells[46].
In suppor t of cleavag e of CARDIF by NS3/4A,
subcellular redistribution of endogenous CARDIF from
the mitochondria to the cytosol could be demonstrated
in COS cells after transient transfection with NS3/4Aencoding plasmids, in HCV replicon cells [84], in JFH1infected Huh7 cells and in a liver biopsy from a patient
with chronic HCV infection[84]. Much work is needed yet
to fully understand the exact relationship between the
RNA helicase/CARDIF/kinases pathway and the ability
of HCV to escape the cellular defense. For instance, the
NS3/4A inhibitor BILN2061 was shown to restore the
IFN induction in response to ectopically added CARDIF
in JFH1-infected cells [85] but definite proof that the
NS3/4A inhibitor BILN2061 can restore IFN induction

Meurs EF et al . HCV inhibits IFN induction

in HCV-infected cells remains to be established. JFH1 was
reported to infect Huh7 cells with a viral progeny reaching
similar levels to those obtained from Huh7.5 cells, after a
lag of 7 d. This delay was first explained by the ability of
JFH1 to induce an antiviral response in the Huh7 cells,
but not in the Huh7.5 cells where the RIG-I pathway is
defective and cannot recruit the downstream CARDIF
adapter[79]. In a follow-up study, however, it was shown
that JFH1 fails to induce IFNβ in the Huh7 cells, as well
as early ISGs, such as ISG15 or ISG56, from the onset of
infection. Interestingly, these authors could demonstrate
that JFH1 was blocking IFN β induction upstream of
the TBK1/IKKε kinases, presumably through CARDIF
cleavage. However, overexpression of CARDIF in those
infected-cells could not restore dsRNA-induced IFN-β
promoter activity and RIG-I overexpression could only
partially restore it. A current hypothesis is that, in addition
to cleaving CARDIF through its NS34A protease activity,
HCV infection also provokes RIG-I inactivation through
a process independent of NS34A. This suggests the
existence of a RIG-I dependent signaling pathway that
could by-pass CARDIF to trigger IFN β expression,
and thus represents an additional threat for the virus[85].
In support of this, in a recent study, we showed that
expression levels of RIG- I (and of the other RNA
helicases MDA5 and LGP2) were down-regulated in liver
biopsies from HCV chronically-infected patients. In these
biopsies, the expression levels of IKKε-, but not those of
TBK1, were also down-regulated[86]. Interestingly, IKKε,
when overexpressed, can provoke inhibition of HCV
expression in a replicon system and we demonstrated
that its antiviral action can occur rapidly, in the absence
of IFN induction, through the action of one or several
genes induced through activation of IRF3, NF-κB and
c/EBP δ [70,86]. RIG- I belongs to the genes induced by
IKKε and it is possible to hypothesize that HCV chronic
infection thrives in an environment with low RIG-I and
IKKε expresssion and/or activity. In line with the downregulation of IKKε, decreased expression of the NF-κB
RelA subunit, one of IKKε susbtrates, was found to be
associated with enhanced fibrosis progression in the liver
of patients with chronic hepatitis C[87].
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CONCLUSIONS
The recent identification of different partners from the
TLR- and RNA helicase-IFN inducing pathways, coupled
with the possibility of using cell culture systems infected
with recombinant HCV, now allows rapid progress in
the comprehension of the relative importance of these
pathways in cellular defence and in their ability to interfere
with HCV propagation.
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Abstract
Hepatitis C virus (HCV) is a major cause of hepatocellular
carcinoma (HCC) worldwide due to the high prevalence
of HCV infection and the high rate of HCC occurrence in
patients with HCV cirrhosis. A striking increase in HCC
incidence has been observed during the past decades in
most industrialized countries, partly related to the growing
number of patients infected by HCV. HCC is currently
the main cause of death in patients with HCV-related
cirrhosis, a fact that justifies screening as far as curative
treatments apply only in patients with small tumors. As
a whole, treatment options are similar in patients with
cirrhosis whatever the cause. Chemoprevention could be
also helpful in the near future. It is strongly suggested
that antiviral treatment of HCV infection could prevent
HCC occurrence, even in cirrhotic patients, mainly when a
sustained virological response is obtained.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common

cancer in the world, with more than 600 000 new cases
yearly. Most patients with HCC have an underlying chronic
liver disease (often cirrhosis), resulting mainly from
chronic infection by hepatitis B virus (HBV), hepatitis C
virus (HCV), excessive alcohol consumption, and often an
association of these causes. HCC has recently gained more
interest due to its increasing incidence in industrialized
countries[1,2].
A link between non-A non-B hepatitis and HCC
occurrence was firstly suspected in Japan more than 20
years ago due to contrast between simultaneous increase
in HCC incidence and decline of HBV infection in this
country[1]. This relationship was rapidly confirmed in the
early 1990s when specific serum testing for HCV infection
became available. HCV was subsequently classified as a
human carcinogen in 1994[1]. Almost all cases of HCVrelated HCC occur in patients with cirrhosis, which is a
well-established precancerous state[3]. However a direct
carcinogenetic role of HCV is strongly suspected in
humans and supported by experimental models showing
the oncogenic effect of viral core and NS3 proteins[4,5].
In this review, we will discuss different aspects of
HCV-related carcinogenesis and HCC treatment, focusing
on similarities and differences with tumors related to other
causes of chronic liver diseases, particularly HBV and
alcohol.

EPIDEMIOLOGY
HCV is a major cause of HCC worldwide due to high
prevalence of chronic infection affecting about 170 millions
of people. In industrialized countries, HCV infection and
excessive alcohol consumption are the two leading causes
of cirrhosis and HCC is often associated [1,2]. However
regional differences have been shown. In Japan, HCV is
currently the main cause of HCC accounting for more
than 70% of cases. A similar rate is observed in Southern
Europe such as Italy or Spain, even if some studies have
reported a higher role of alcohol consumption [6]. By
contrast, in other countries such as France[7] or Belgium[8],
excessive alcohol intake remains the leading cause of
cirrhosis and HCC (accounting for more than 60% of
cases), HCV being only the second cause (about 25%-30%
of cases).
A striking increase in HCC incidence has been observed
for more than 20 years in most industrialized countries.
This fact has been clearly established from epidemiological
www.wjgnet.com
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surveillance databases in Japan[9], UK[10], Italy[11], France[12]
and the USA[13]. In France, the age-standardised mortality
rates per 100 000 people (which reflects incidence due
to short life expectancy of patients) due to primary liver
cancer (mostly HCC) has increased from 3.2 to 11.1 in
men and from 1.2 to 2.5 in women between 1979 and
1994[12]. It is generally admitted that this increase is related
to the growing number of patients contaminated by HCV
several decades ago who reached the stage of cirrhosis
and consequently developed cancer[1,2]. Epidemiological
models suggest that this trend would likely persist 10-15
years without strong improvement in treatment efficacy[14].
However additional factors may also contribute to
increase HCC incidence such as improved management
or prevention of other lethal complications of cirrhosis,
oesophageal haemorrhage [15] and bacterial infections
resulting in longer survival of patients at high risk.
Additionally prevalence of overweight and diabetes type
2 is increasing in developed countries, a factor that favors
HCC occurrence[13].
The situation in industrialized countries is in contrast
with developing areas such as Eastern Asia and subSaharan Africa. In these regions, HBV infection (often
associated with aflatoxin exposure) is still the leading
cause of chronic liver disease and HCC, accounting for
more than 80% of cases[1,2]. The incidence of HCC is
notably higher than in industrialized countries and seems
to be stable or decreasing, likely due to better control of
aflatoxin exposure or HBV infection[9]. However, even in
these regions HCV infection has a significant prevalence
and is also an important cause of HCC[9].
As a whole HCV-related HCC is currently a major
public health problem in many countries worldwide,
leading to increased financial burden over time[16].

Numerous predictive factors have been identified ranging
from simple epidemiological parameters such as age or
sex[21] to most sophisticated ones identified by molecular
biology[22,23]. However most of the studies have assessed
simultaneously a limited number of factors (sometimes
only one) precluding global interpretation, and have
included patients with different causes of liver diseases
although risk factors might be different from a cause to
another. The more commonly identified predictive factors
(most of them not specific to HCV patients) are age
higher than 50, male sex, advanced cirrhosis (reflected
by low platelet count or oesophageal varices), high basal
alpha-fetoprotein (AFP) serum levels [21,24,25], and more
recently overweight and diabetes [26,27]. Factors can be
combined in scores or indexes allowing to split patients
between different categories of HCC risk. In a recent
Japanese study performed in 183 patients with HCV
cirrhosis, the estimated risk of HCC at 5-year ranged
between 9% and 64% according to the value of a score
combining age, sex, serum AFP and platelet count[21]. The
influence of tobacco smoking or HCV genotype remains
controversial [19]. Histological lesions such as large cell
dysplasia[25] and regenerative and proliferative changes[28]
have been also reported to increase the risk of cancer,
but their assessment requires liver biopsy interpreted by
an experienced observer and therefore their practical
relevance is less important. Iron overload does not seem
to influence carcinogenesis in HCV patients conversely
to alcoholics[29]. The association of other causes of liver
diseases, such as concomitant HBV infection or high
alcohol intake, markedly enhances the risk of HCC in
patients with HCV cirrhosis. A potential role of occult
HBV infection in HCV-related HCC has also been
suspected[30].

RISK (OR PREDICTIVE) FACTORS

NATURAL HISTORY

Almost all the patients with HCV-related HCC have
cirrhosis at the time of diagnosis[3]. Therefore cirrhosis,
which is associated with genetic alterations predisposing
to cancer[17], is the main risk factor for HCC occurrence
in these patients. Cases of HCC in patients with chronic
hepatitis without cirrhosis have been reported but remains
very scarce[18]. A similar feature has been found in patients
with alcohol-related liver disease but is markedly different
in patients chronically infected by HBV, where HCC
occurs before cirrhosis in up to 40% of cases[1]. In cohorts
of patients with HCV-related cirrhosis, the risk of HCC
occurrence over time is high and roughly linear, between
2% and 8% yearly as a whole[19]. A higher rate has been
reported in Japan (4%-8%) than in Western countries
(2%-4%) suggesting the influence of yet unknown
epidemiological factors[19]. Moreover this risk seems to be
higher in HCV-related cirrhosis than in alcohol or HBVrelated cirrhosis[19].
Obviously the risk of HCC occurrence is not similar
among all patients with HCV cirrhosis. Numerous studies
have been performed to identify risk factors on an
individual basis[19]. Identifying such factors could lead to
important progress in terms of clinical management (see
Screening) and understanding of hepatocarcinogenesis[20].

The characteristics of patients at the time of HCC
diagnosis are influenced by the aetiology and the status of
the underlying liver disease. They may influence prognosis
and the choice of treatments. Patients with HCV-related
HCC are usually older than those with alcoholic or
HBV-related cirrhosis, a difference likely due to the age
at exposition to causative agents (childhood for HBV,
adulthood for HCV) or in the rate of progression to
cirrhosis (faster for alcoholics)[11,31,32]. The sex ratio is close
to one, in contrast with the high prevalence of males in
patients with HCC due to alcohol[6]. Tumors seem to be
more often unique and small-sized (that is to say slow
growing) in patients with HCV cirrhosis in comparison
with HBV, even if this fact remains controversial[6]. Liver
function is usually more preserved in patients with viral
cirrhosis than in those with alcoholic cirrhosis[6]. However
whether those differences are related to the natural history
of the disease or to the management of patients or both
is not determined. As an example compliance to HCC
screening (see below) is markedly lower in patients with
alcoholic cirrhosis[8].
As a whole survival remains low in patients with HCC
(median < 6-12 mo), reflecting the currently high number
of advanced tumors at diagnosis and the subsequent
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poor efficacy of treatment. However marked differences
are observed among etiological groups and individual
patients. The characteristics of cancer as well as of the
underlying liver disease influence survival as reflected by
parameters relevant in prognostic classifications[33]. HCC
is clearly the main cause of death in patients with HCVrelated cirrhosis[34,35]. In a recent Italian prospective study
including 214 patients[34], HCC developed in 32%, ascites
in 23%, jaundice in 17%, upper gastrointestinal bleeding
in 6%, and encephalopathy in 1% during a follow-up of
17 years. This outcome differs markedly from patients
with alcohol-related cirrhosis, the complications of liver
failure and portal hypertension being still the leading cause
of death[36], a difference that could be in part explained
by compliance of patients to clinical management. For
instance, the rates of endoscopic screening of oesophageal
varices and preventive measures for haemorrhage or
bacterial infection is not clearly stated in most published
studies[37].

TREATMENT
In patients with HCC, treatment decision depends on
several factors including size and extension of tumor,
liver function, and general condition of the patient
(such as age, comorbidities and general status) [38,39] .
There is currently no medically validated therapy, even
if recent characterisation of molecular pathways of
hepatocarcinogenesis raises some hope for the future[23].
Intra-arterial chemoembolization has been claimed to
result in survival improvement in selected cases but contraindications, mainly due to liver failure, are frequent and
the number of eligible patients who would really benefit
from it is low[40,41]. Despite these reservations, patients with
underlying viral disease seem to have a more favourable
outcome and a lesser rate of post-procedure complications
than patients with alcoholic cirrhosis.
Important advances have occurred concerning curative
treatment of small tumors, even if randomized trials are
lacking to definitely establish their benefit[39]. Milan criteria,
defined as either one nodule less than 5 cm in diameter
or 2 or 3 nodules each less than 3 cm in diameter, help
select patients eligible for transplantation but increasingly
also for other curative options[42]. Liver transplantation,
which is the best curative option for the long term as it
is able to remove the tumor and the underlying cirrhosis
(preventing therefore the occurrence of new tumors),
can be performed in only limited number of wellselected patients [42]. Other curative options, resection
and percutaneous ablation mostly by radiofrequency,
are able to cure the tumor mostly when small and well
circumscribed[43]. Due to a lesser mortality and morbidity
and a less deleterious influence on liver function,
radiofrequency is to be performed in an increasingly larger
number of patients with cirrhosis as new techniques
allow now to treat tumors more than 3 cm in diameter.
Nevertheless tumor recurrence rate is high (10%-20% per
year) in cases of resection or radiofrequency due to either
intrahepatic metastasis or occurrence of a new HCC, a
case that is particularly frequent in patients with HCV
infection. This fact justifies post-therapeutic surveillance
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of patients and the search for preventive treatments[42] (see
Prevention).
The choice of therapy in patients with HCC is largely
independent of the aetiology of the disease. However, as
previously stated, patients with HCV-related HCC have
a better liver function than alcoholic patients. Therefore
they are less prone to develop liver failure after aggressive
procedures. This fact might explain the better results of
arterial chemoembolization in patients with viral disease
compared with patients with alcoholic cirrhosis [41] .
This might also partially explain the lesser mortality
and morbidity of patients after hepatectomy in Asian
countries in contrast with Western and their better overall
outcome[42]. Conversely it has also been suggested that
hepatic recurrences after surgery or ablative therapy are
more frequent in patients with HCV-related HCC, possibly
due to a higher incidence of new tumors, but this point
needs confirmation[44].

SCREENING
The failure to improve survival in patients with advanced
HCC has led to the development of screening strategies
aiming to detect small tumors treatable by curative
methods. Screening is currently based on regular periodic
ultrasonography (US) in patients with cirrhosis[2]. A focal
lesion discovered by screening indicates recall procedures,
mainly imaging methods with vascular injection of
contrast media (TDM, MRI, US) [45] and (in restricted
cases) liver biopsy. This is especially important in case of
a nodule below 1-2 cm in diameter because as it might
be a non cancerous macronodule (which may remain
stable or even disappear spontaneously over time) in more
than fifty percent of cases[46]. Cholangiocarcinomas and
liver lymphomas may also occur in patients with HCV
cirrhosis, even if rare[46]. A diagnostic algorithm based on
focal lesion size has been proposed by the international
Barcelona conference in 2000[38] and recently modified[39].
The usefulness of serum AFP or other serum markers for
screening is doubtful[2] due to high rates of false negatives
(serum AFP is rarely increased in patients with small HCC)
and false positive results, particularly in HCV cirrhosis[47].
The periodicity of screening is not established, an interval
of 6 mo being usually recommended[39].
HCC screening is now recommended for every
patient with cirrhosis, whatever the aetiology (and also for
some patients with HBV infection without cirrhosis)[48].
However, as previously stated, HCC occurrence is strongly
influenced by the cause of liver disease and numerous
individual risk factors [19]. It is likely that non selective
screening may lead to unjustified medical burden and costs.
Therefore there is an urgent need to predictive scores
using parameters recordable at bedside[21,27] and to validate
them in prospective studies performed in well-defined
populations, particularly according to the aetiology of
cirrhosis. If HCV patients with bridging fibrosis at biopsy
(stage F3 in Metavir classification) are candidates; screening
is still debatable, even if sometimes recommended.
Even if a survival benefit has not been established
(randomized trials being ethically questionable), HCC
screening is now largely performed in industrialized
www.wjgnet.com
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countries [49,50], leading to a better knowledge of liver
carcinogenesis and an increasing rate of small HCC at
diagnosis[51].

PREVENTION
The goal of primary prevention is to avoid or delay the
occurrence of HCC by using medical treatments [52,53].
Chemoprevention is obviously a complementary method
to screening to improve survival. At present there is a
growing set of data suggesting the preventive role of
antiviral drugs in patients with HCV-related chronic liver
disease[52,53], alfa interferon being the most extensively
studied drug. In patients with chronic hepatitis and only
mild fibrosis, a virtual eradication of long term risk of
HCC (and other complications) is associated to sustained
virological response. However this effect remains debated
in patients with established cirrhosis, mainly because
most studies were retrospective and non randomized,
and subjected to bias. Only two small randomized trials
have been published with conflicting results [54,55]. Two
metaanalyses[56,57] have suggested a moderate preventive
effect on HCC occurrence in patients treated by alfa
interferon by comparison to untreated patients. This effect
was largely independent of virological response. However
the studies included in those metaanalyses have been
performed using monotherapy by standard alfa interferon
with very low rates of sustained virological response.
Some recent studies including larger cohorts of patients[58]
treated by bitherapy[59] suggest a higher preventive effect,
particularly in patients with sustained virological response.
Those results are to be confirmed but encourage treating
patients with compensated cirrhosis. The efficacy of
long term low doses of pegylated interferon need to be
established by ongoing randomized trials that could also
identify predictive factors of a favourable result[52,53].
Another concern is the extremely high rate of
recurrences following local curative treatment either
by resection or percutaneous ablation of a first HCC.
Secondary prevention should be aimed at decreasing either
local recurrences (corresponding to treatment failure) and/
or distant recurrences (corresponding to metastasis or to
new HCC)[52,53]. Randomized trials performed in patients
with cirrhosis mostly due to HCV infection have suggested
a benefit in recurrence rate and survival using polyprenoic
acid (a non commercialized retinoid derivative), adoptive
immunotherapy, continuous or intermittent interferons
alfa and beta treatments, and intraarterial radioactive
iodine injection mixed with lipiodol[52,53]. These studies
need confirmation because of their small sample size
and have not lead up to now to important practical
progress. Similarly to primary chemoprevention, postprocedure antiviral treatment using pegylated interferon
alone or pegylated interferon and ribavirin might reduce
recurrences if sustained viral response is obtained. Welldesigned (randomized) trials involving large numbers of
patients are still needed.

CONCLUSION
Some major questions should be addressed in the near
www.wjgnet.com
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future, particularly (but not only) in patients with HCV
cirrhosis. It is still difficult to identify patients with
compensated cirrhosis who require specific management
including HCC screening and chemoprevention. Many of
them are asymptomatic and undiagnosed. Even in patients
suspected of having cirrhosis, a reliable confirmation
requires liver biopsy, an ill-accepted and costly procedure.
Non invasive methods of assessment of liver fibrosis, such
as elastometry (Fibroscan®, Echosens, Paris, France)[60] or
blood tests[61,62], might facilitate early diagnosis of cirrhosis,
particularly in HCV infected patients. Future prospective
studies concerning risk factors of HCC and predictive
scores should take into account the periodic evaluation of
those parameters. Thirdly the preventive effect of antiviral
treatment in patients with HCV cirrhosis, including new
molecules in development[63], should be precisely assessed
in prospective trials.
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Abstract
Hepatitis C virus (HCV) infects approximately 170 million
individuals worldwide. Prevention of HCV infection
complications is based on antiviral therapy with the
combination of pegylated interferon alfa and ribavirin.
The use of serological and virological tests has become
essential in the management of HCV infection in order
to diagnose infection, guide treatment decisions and
assess the virological response to antiviral therapy. AntiHCV antibody testing and HCV RNA testing are used to
diagnose acute and chronic hepatitis C. The HCV genotype
should be systematically determined before treatment, as
it determines the indication, the duration of treatment,
the dose of ribavirin and the virological monitoring
procedure. HCV RNA monitoring during therapy is used to
tailor treatment duration in HCV genotype 1 infection, and
molecular assays are used to assess the end-of-treatment
and, most importantly the sustained virological response,
i.e. the endpoint of therapy.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) infects approximately 170

million individuals worldwide. Chronic HCV infection
has been estimated to be responsible for approximately
250 000 to 350 000 deaths per year, essentially related to
decompensation of cirrhosis, end-stage liver disease and
hepatocellular carcinoma. Prevention of HCV infection
complications can be achieved by antiviral therapy based
on the use of a combination of pegylated interferon
(IFN) alfa and ribavirin, that yields a sustained eradication
of infection in 40% to 50% of cases [1] . The use of
serological and virological tests has become essential in
the management of HCV infection in order to diagnose
infection, and most importantly guide treatment decisions
and assess the virological response to antiviral therapy.

HEPATITIS C VIRUS VIROLOGY
Hepatitis C virus and its genotypes
HCV is a member of the Flaviviridae family, genus
Hepacivirus[2]. Six HCV genotypes[1-6] and a large number
of subtypes (1a, 1b, 1c, etc.) have been identified so far[2].
HCV only natural host is man. All HCV genotypes have
a common ancestor virus. However, HCV genotypes 1,
2, and 4 emerged and diversified in Central and Western
Africa, genotype 5 in South Africa, and genotypes 3 and
6 in China, South-East Asia and the Indian subcontinent.
In these areas, a large number of subtypes of these
genotypes are found[2]. The rest of the world, in particular
industrialized areas, harbor a small number of HCV
subtypes that could widely spread because they met an
efficient route of transmission, such as blood transfusion
or the intravenous use of drugs. They include genotypes
1a, 1b, 2a, 2b, 2c, 3a, 4a and 5a[2].
HCV virion and lifecycle
The HCV virion is made of a single-stranded positive
RNA genome, contained into an icosahedral capsid, itself
enveloped by a lipid bilayer within which two different
glycoproteins are anchored[3]. The genome contains three
distinct regions: (1) a short 5′ non-coding region that
contains two domains, a stem-loop structure involved
in positive-strand priming during HCV replication
and the internal ribosome entry site (IRES), the RNA
structure responsible for attachment of the ribosome and
polyprotein translation; (2) a long, unique open reading
frame (ORF) of more than 9000 nucleotides which is
translated into a precursor polyprotein, secondarily cleaved
to give birth to the structural proteins (the capsid protein
www.wjgnet.com
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C and the two envelope glycoproteins E1 and E2) and to
the non-structural proteins (p7, NS2, NS3, NS4A, NS4B,
NS5A, and NS5B). The functions of the non-structural
proteins have been elucidated by a large number of studies
and by analogy to related viruses; only NS4B and NS5A
have no well-defined functions to date; (3) a short 3′ noncoding region principally involved in minus-strand priming
during HCV replication[3]. The 3' UTR has been divided
into three regions: a variable sequence of approximately
40 bases, a variable length poly-UC rich tract, and a highly
conserved 98 base region.
The HCV lifecycle starts with virion attachment to its
specific receptor[3]. Several candidate molecules have been
suggested to play a role in the receptor complex, including
tetraspanin CD81, the scavenger receptor BI (SR-BI), the
adhesion molecules DC-SIGN and L-SIGN and the lowdensity lipoprotein (LDL) receptor. The HCV lifecyle is
poorly known because of the lack, until very recently, of
a productive culture system. It is supposed, by analogy
with the Flaviviridae, that the virus linked to its receptor
complex is internalized, and that the nucleocapsid is
released into the cytoplasm. The virus is decapsidated,
and the genomic HCV RNA is used both for polyprotein
translation and replication in the cytoplasm. Replication
and post-translational processing appear to take place in
a membranous web made of the non-structural proteins
and host cell proteins called "replication complex", located
in close contact with perinuclear membranes. Genome
encapsidation appears to take place in the endoplasmic
reticulum and nucleocapsids are enveloped and matured
into the Golgi apparatus before newly produced virions
are released in the pericellular space by exocytosis[3].

VIROLOGICAL TOOLS
Serological assays
Anti-HCV antibody detection: The detection of antiHCV antibodies in plasma or serum is based on the use
of third-generation enzyme immunoassays (EIAs), that
detect antibodies directed against various HCV epitopes.
Recombinant antigens are used to capture circulating
anti-HCV antibodies onto the wells of microtiter plates,
microbeads, or specific holders adapted to closed automated devices. The presence of anti-HCV antibodies is
revealed by anti-antibodies labeled with an enzyme that
catalyzes the transformation of a substrate into a colored
compound. The optical density (OD) ratio of the reaction
(sample OD/internal control OD) is proportional to the
amount of antibodies in the serum or plasma sample[4].
The specificity of third-generation EIAs for anti-HCV is
greater than 99%[5]. Their sensitivity is more difficult to
determine, given the lack of a gold standard method, but
it is excellent in HCV-infected immunocompetent patients.
EIAs can be fully automated and are well adapted to large
volume testing. Immunoblot tests are nowadays clinically
obsolete given the good performance of third-generation
anti-HCV EIAs[6].
Serological determination of the HCV genotype:
The HCV genotype can be determined by seeking for
antibodies directed to genotype-specific HCV epitopes
www.wjgnet.com
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with a competitive EIA. The currently available assay
(Murex HCV serotyping 1-6 HC02, Abbott Laboratories,
North Chicago, Illinois) identifies the type (1 to 6), but
does not discriminate among the subtypes, and provides
interpretable results in approximately 90% of chronically
infected immunocompetent patients[7]. Mixed serological
reactivities can be observed that could be related to mixed
infection although cross-reactivity or recovery from one
genotype infection and persistence of viremia with another
genotype cannot be ruled out.
Detection and quantification of HCV RNA
For many years, the HCV RNA quantitative units used
in the various assays did not represent the same amount
of HCV RNA in a clinical sample. The World Health
Organization (WHO) has established an international
standard for universal standardization of HCV RNA
quantification units. An HCV RNA international unit (IU)
has been defined, which is currently used in all of the
commercial HCV RNA quantitative assays and should be
preferred to any other quantitative unit. Indeed, the use
of standardized IUs for HCV RNA quantification allows
deriving recommendations and guidelines from clinical
trials and applying them in clinical practice with any HCV
RNA assay.
Qualitative, non-quantitative HCV RNA detection:
Qualitative detection assays are based on the principle of
target amplification using either "classic" polymerase chain
reaction (PCR), "real-time" PCR or "transcription-mediated
amplification"(TMA) [8] . HCV RNA is extracted and
reverse transcribed into a single-stranded complementary
DNA (cDNA), which is subsequently processed into a
cyclic enzymatic reaction leading to the generation of a
large number of detectable copies. Double-stranded DNA
copies of HCV genome are synthesized in PCR-based
assays, whereas single-stranded RNA copies are generated
in TMA. Detection of amplified products is achieved by
hybridizing the produced amplicons onto specific probes
after the reaction in "classic" PCR or TMA techniques[8].
In "real-time" PCR, each round of amplification leads to
the emission of a fluorescent signal and the number of
signals per cycle is proportional to the amount of HCV
RNA in the starting sample [8-10]. Qualitative detection
assays must detect 50 HCV RNA IU/mL or less, and
have equal sensitivity for the detection of all HCV
genotypes. The lower limit of detection of the qualitative,
nonquantitative reverse-transcriptase PCR-based assay
Amplicor® HCV v2.0, or of its semi-automated version
Cobas® Amplicor® HCV v2.0 (Roche Molecular Systems,
Pleasanton, California) is 50 IU/mL, whereas that of the
TMA-based assay Versant® HCV RNA Qualitative Assay
(Siemens, Tarrytown, New York) is 10 IU/mL. Realtime PCR assays, which are also able to quantify HCV
RNA, have lower limits of detection of 15 IU/mL (Cobas
Ampliprep ®-Cobas Taqman ® (CAP-CTM) HCV Test,
Roche Molecular Systems) and of 12-30 IU/mL according
to the amount of blood tested (Abbott RealTimeTM HCV
Assay, Abbott Diagnostic) when they are used as purely
qualitative, nonquantitative assays.
HCV RNA quantification: HCV RNA can be quantified
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by means of target amplification techniques (competitive
PCR or real-time PCR) or signal amplification techniques
[branched DNA (bDNA) assay][8]. Five standardized assays
are commercially available. Two of them are based on
competitive PCR: Amplicor HCV Monitor® v2.0 and its
semi-automated version Cobas® Amplicor HCV Monitor®
v2.0 (Roche Molecular Systems), and LCx ® HCV
RNA Quantitative Assay (Abbott Laboratories); one is
based on bDNA technology, Versant ® HCV RNA 3.0
Assay (Siemens); and two are based on real-time PCR
amplification, Cobas® TaqMan HCV Test, which can be
coupled with automated extraction in Cobas Ampliprep®
(CAP-CTM, Roche Molecular Systems), and Abbott
RealTime TM HCV assay (Abbott Diagnostics), which
uses the Abbott m2000RT system and can also be coupled
with an automated extraction procedure in m2000 SP
(m2000 Real-Time PCR System). HCV RNA levels falling
above the upper limit of quantification of the assay are
underestimated and the samples must be retested after
1/10 to 1/100 dilution in order to achieve accurate
quantification. The Cobas® TaqMan HCV Test has been
shown to underquantify some HCV genotype 4 and, less
often, HCV genotype 2 samples[11]. In addition, differences
in calibration of the assays relative to the primary WHO
HCV RNA standard lead to slight differences between
the results given in the same samples by different assays in
spite of the use of international units as a quantification
unit[11]. However, the most promising approach for the
future is fully automated real-time PCR assays.
Molecular determination of the HCV genotype (genotyping)
The reference method for HCV genotype determination
is direct sequencing of the NS5B or E1 regions of HCV
genome by means of "in-house" techniques, followed
by sequence alignment with prototype sequences and
phylogenetic analysis [2,12] . In clinical practice, HCV
genotype can be determined by various commercial kits,
using direct sequence analysis of the 5' noncoding region
(Trugene® 5' NC HCV Genotyping Kit, Bayer HealthCare)
or reverse hybridization analysis using genotype-specific
probes located in the 5' noncoding region (commercialized
as INNO-LiPA HCV II, Innogenetics, Ghent, Belgium, or
Versant® HCV Genotyping Assay, Bayer HealthCare)[13-16].
Mistyping is rare with these techniques, but mis-subtyping
may occur in 10% to 25% of cases, related to the studied
region (5' noncoding region) rather than the technique
used. These errors have no clinical consequences, because
only the type is used for therapeutic decision-making.
An assay based on direct sequencing of the NS5B region
is currently in development (Tr ugene ® NS5B HCV
Genotyping Kit, Bayer HealthCare).

DIAGNOSIS OF HCV INFECTION
Acute hepatitis C
Patients with a suspicion of acute hepatitis C should be
tested for both anti-HCV antibodies by EIA and HCV
RNA with a sensitive technique, i.e. an HCV RNA assay
with a lower limit of detection of 50 IU/mL or less[4].
Four marker profiles can be observed according to the
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presence or absence of either marker. The presence of
HCV RNA in the absence of anti-HCV antibodies is
strongly indicative of acute HCV infection, which will
be confirmed by seroconversion (i.e. the appearance of
anti-HCV antibodies) a few days to week later. Acutely
infected patients can also have both HCV RNA and antiHCV antibodies at the time of diagnosis. It is difficult, in
this case, to distinguish acute hepatitis C from an acute
exacerbation of chronic hepatitis C or an acute hepatitis
of another cause in a patient with chronic hepatitis C.
Acute hepatitis C is very unlikely if both anti-HCV
antibodies and HCV RNA are absent or if anti-HCV
antibodies are present without HCV RNA. The latter
patients should however be retested after a few week
because HCV RNA can be temporarily undetectable, due
to transient, partial control of viral replication before
infection becomes chronic[17]. Apart from such cases, the
presence of anti-HCV antibodies in the absence of HCV
RNA is generally seen in patients who have recovered
from a past HCV infection. Nevertheless, this pattern
cannot be differentiated from a false positive EIA result,
the exact prevalence of which is unknown.
Chronic hepatitis C
In patients with clinical or biological signs of chronic liver
disease, chronic hepatitis C is certain when both anti-HCV
antibodies and HCV RNA are present [6,18]. Detectable
HCV replication in the absence of anti-HCV antibodies is
exceptional with the current enzyme immunoassays, almost
exclusively observed in profoundly immunodepressed
patients, hemodialysis patients or agammaglobulinemic
subjects[19,20].
In patients who have no indication for therapy or have
a contra-indication to the use of antiviral drugs, virological
tests have no prognostic value. Thus, they cannot be used
to predict the natural course of infection or the onset
of extrahepatic manifestations. In untreated patients,
the severity of liver inflammation and fibrosis must be
evaluated every three to five years by means of a liver
biopsy or non-invasive serological or ultrasound-based
testing[1].

MANAGEMENT OF ANTIVIRAL THERAPY
The current standard treatment for chronic hepatitis C is
the combination of pegylated interferon (IFN) alfa and
ribavirin[1]. The efficacy endpoint of hepatitis C treatment
is the "sustained virological response" (SVR), defined by
the absence of detectable HCV RNA in serum as assessed
by an HCV RNA assay with a lower limit of detection of
50 IU/mL or less 24 wk after the end of treatment[1]. The
advent of new, more sensitive assays with different lower
limits of HCV RNA detection may create some confusion
as to whether patients have "undetectable" HCV RNA
during therapy.
Initiation of therapy
Only patients with detectable HCV RNA should
be considered for peg ylated IFN alfa and ribavirin
combination therapy [1]. The decision to treat patients
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GENOTYPE 1
Liver biopsy or
noninvasive markers
ofdisease severity

Peginterferon
+ ribavirin 1.0-1.2 g qd
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C

GENOTYPE 4, 5 or 6
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progression

Bad
prognosis
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HCV RNA (-)
at wk 24

HCV RNA (+)
at wk 24

Continue treatment

Stop treatment
or continue to
slow liver disease
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or treat longer

HCV RNA detection at the end of
treatment and 24 wk later
End-of-treatment virological response
Sustained virological response

Number 17

HCV RNA detection at the end of
treatment and 24 wk later
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without
treatment

HCV RNA quantification at
baseline and at wk 12

Volume 13

Peginterferon
+ ribavirin 0.8 g qd
24 wk
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prognosis

Bad
prognosis

May 7, 2007

Peginterferon
+ ribavirin 1.0-1.2 g qd
48 wk

Good
prognosis
Follow-up
without
treatment

HCV RNA detection at the end of
treatment and 24 wk later
End-of-treatment virological response
Sustained virological response

Figure 1 Current algorithms for the use of HCV virological tools in the treatment of chronic hepatitis C, according to the HCV genotype: genotype 1 (A), genotypes 2 and 3 (B),
and genotypes 4, 5 and 6 (C). Adapted from[32], with permission.

with chronic hepatitis C depends on multiple parameters,
including a precise assessment of the severity of liver
disease and of its foreseeable outcome, the presence of
absolute or relative contra-indications to therapy, and the
patient's willingness to be treated.
The HCV genotype should be systematically determined before treatment, as it determines the indication,
the duration of treatment, the dose of ribavirin and the
virological monitoring procedure[21].
HCV genotype 1
Given the likelihood of a sustained virological response,
of the order of 40% to 50%, a precise assessment of liver
disease prognosis by means of a liver biopsy or a noninvasive method based on serological markers of fibrosis
or ultrasound-based testing [22,23] must be performed in
order to help with the treatment decision (Figure 1A). It
is recommended not to treat patients with mild lesions
and to re-assess their liver disease after 3 to 5 years. The
patients with inflammation and/or fibrosis (Metavir score
A ≥ 2 and/or F ≥ 2) have an indication for therapy[1].
The approved dose of pegylated IFN alfa-2a is 180 µg
per week, independent of body weight, whereas that of
pegylated IFN alfa-2b is weight-adjusted at 1.5 µg/kg per
week, identical for all HCV genotypes. Patients infected
with HCV genotype 1 should receive a high dose of
ribavirin, i.e. 1000 to 1200 mg daily, based on body weight
less than or greater than 75 kg. The heaviest patients
could benefit from a higher ribavirin dose, up to 1600 mg
daily. Genotype 1-infected patients theoretically require
48 wk of treatment (Figure 1A)[1]. Monitoring of HCV
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RNA load decrease during therapy must be performed
in order to avoid treating patients with no likelihood of
a subsequent SVR [24,25]. For this purpose, HCV RNA
quantification must be performed at baseline and after
12 wk of treatment (Figure 1A) with the same technique
in order to ensure comparability of the results at the two
time points[1]. Treatment must be continued when there
is a 2-log drop in HCV RNA level, i.e. when baseline
HCV RNA level is divided by 100 or more, or when HCV
RNA is undetectable at wk 12[1]. In these patients, it is
recommended to assess the presence of HCV RNA with
a sensitive technique (lower limit of detection: 50 IU/mL
or less) at wk 24. If HCV RNA is undetectable at wk
24, treatment must be continued until wk 48, with a high
likelihood of an SVR. It was recently suggested that 24
wk of therapy might be sufficient for patients with a low
baseline viral load, a 2-log or more decline at wk 12 and
undetectable HCV RNA at wk 24 [26]. Rapid virological
responders, defined as patients with no detectable HCV
RNA at wk 4 of therapy could also benefit from shorter
therapy. Ongoing trials will feed future guidelines.
In contrast, if HCV RNA is still detectable at wk 24,
the likelihood of an SVR is virtually nil and treatment can
be stopped or continued with the only aim to slow liver
disease progression in patients with a severe prognosis,
without any hope to eradicate infection (Figure 1A)[1,24].
Ongoing trials are studying whether a prolonged antiviral
treatment or maintenance therapy with pegylated IFN alfa
monotherapy could be beneficial in these patients. When
treatment is continued until wk 48, the end-of-treatment
and sustained virological responses should be assessed by
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means of a sensitive HCV RNA assay, with a lower limit
of detection of 50 IU/mL or less[1]. HCV RNA detection
at the end of therapy is highly predictive of a posttreatment relapse (the more sensitive assays allow earlier
identification of relapser patients), whereas the absence of
HCV RNA at the end of treatment indicates a virological
response. The latter patients must be retested for HCV
RNA with a sensitive method 24 wk later in order to assess
the SVR, i.e. the endpoint of therapy[1,4]. HCV infection
appears to be definitively cured in the vast majority of
sustained virological responders.
The lack of a 12-wk virological response (no change
or an HCV RNA decrease of less than 2 logs at wk 12) is
associated with a virtually nil probability of a subsequent
sustained virological response[24,25]. Treatment can thus
be stopped at wk 12 in these patients, or continued to
slow liver disease progression without clearing the virus
(Figure 1A). The benefits of maintenance therapy on the
outcome of HCV-associated liver disease are currently
under investi-gation. This "stopping rule", based on
monitoring of HCV RNA load reduction at wk 12, was
recently shown to also apply to patients co-infected with
HCV and human immunodeficiency virus[27-29].
HCV genotypes 2 and 3
Patients infected with HCV genotypes 2 or 3 have a
70%-80% likelihood of an SVR with a low dose of
ribavirin and only 24 wk of treatment[21,25,30]. Thus, in the
absence of contra-indications, these patients should be
treated regardless of the severity of their liver disease
(Figure 1B). The recommended dose of pegylated IFN
alfa-2a or alfa-2b is the same as for HCV genotype 1.
The fixed recommended dose of ribavirin is 800 mg
per day (Figure 1B)[1]. It is possible that lower doses of
ribavirin and/or shorter duration of treatment could
be sufficient to achieve an SVR in certain subgroups of
patients with genotype 2 or 3 infection, such as those
with a low baseline viral load and no extensive fibrosis or
cirrhosis, as suggested by recent preliminary data[31]. One
should be careful in patients who combine several baseline
parameters of non-response, such as extensive fibrosis,
an old age and a male gender, who might need 48 wk of
therapy to clear infection.
No monitoring of HCV RNA level changes during
therapy is recommended in the patients with genotype 2
or 3 infection, because the vast majority of them become
HCV RNA-negative early during treatment. Like in HCV
genotype 1-infected patients, the virological response must
be assessed by means of a sensitive HCV RNA assay at
the end of therapy and 24 wk later in order to determine
whether the virological response is sustained (Figure 1B)[1,4].
HCV genotypes 4, 5 and 6
In the absence of any clinical trial including a sufficient
number of patients, the likelihood of an SVR and the
optimal treatment schedule remain unknown for the
patients infected with HCV genotypes 4, 5 or 6. It is thus
recommended to treat them like those infected with HCV
genotype 1, i.e. with pegylated IFN alfa at the usual dose,
combined with a high dose of ribavirin (1000-1200 mg
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per day, according to body weight less or greater than
75 kg) (Figure 1C). In the absence of published data, no
stopping rules have been defined and it is recommended
to treat these patients for a total of 48 wk. The virological
response must be assessed by means of a sensitive HCV
RNA assay (lower limit of detection of 50 IU/mL or less)
at the end of therapy and 24 wk later[1,4].

CONCLUSION
Virological tools have nowadays become mandatory at
every step of HCV infection treatment. Algorithms have
been derived that allow the clinician to tailor treatment
schedules to the individual patient and his/her virological
response to therapy, in order to optimize the results of
pegylated IFN-ribavirin therapy. This approach is costeffective, because treatment dose and duration are adapted
to the patient's needs and administration can be stopped
when the likelihood of a sustained virological response is
nil.
In the future, more sensitive HCV RNA assays will be
available. They will better differentiate responder patients
who will subsequently relapse from those who will not.
They will also detect the virological relapse earlier after the
end of therapy. A number of ongoing studies are currently
assessing the capacity of viral load measurements at earlier
time points to predict the sustained virological response
or non-response. New algorithms will be developed soon,
based on the assessment of viral load reductions at wk 4 of
therapy, or eventually earlier. Too complicated algorithms
applied to a too high number of patient subgroups may
however make therapy more and more difficult on an every
day basis. In addition, early predictions based on frequent
viral load measurements may not always be easily feasible
in the clinical setting. Overall, it will be important to keep
treatment algorithms as simple and feasible as possible in
order to offer the best chance of success to the individual
patients.
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Abstract
Hepatitis C virus (HCV) is a global health problem
affecting 3% of the world's population (about 180
million) and a cause of both hepatic and extrahepatic
diseases. B-cell lymphoproliferative disorders, whose
prototype is mixed cryoglobulinemia, represent the most
closely related as well as the most investigated HCVrelated extrahepatic disorder. The association between
extrahepatic (lymphoma) as well as hepatic malignancies
(hepatocellular carcinoma) has justified the inclusion
of HCV among human cancer viruses. HCV-associated
manifestations also include porphyria cutanea tarda,
lichen planus, nephropathies, thyreopathies, sicca
syndrome, idiopathic pulmonary fibrosis, diabetes,
chronic polyarthritis, sexual dysfunctions, cardiopathy/
atherosclerosis, and psychopathological disorders.
A pathogenetic link between HCV virus and some
lymphoproliferative disorders was confirmed by their
responsiveness to antiviral therapy, which is now
considered the first choice treatment. The aim of the
present paper is to provide an overview of extrahepatic
manifestations of HCV infection with particular attention
to B-cell lymphoproliferative disorders. Available
pathogenetic hypotheses and suggestions about the
most appropriate, currently available, therapeutic
approaches will also be discussed.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) is associated with several extrahepatic disorders (extrahepatic manifestations of HCV
= EHMs-HCV) [1,2]. These latter may be classified into
four main categories including: (1) EHMs-HCV that are
characterized by a very strong association as demonstrated
by both epidemiological and pathogenetic evidence; (2)
disorders for which a significant association with HCV
infection is supported by substantial data; (3) associations
that still require confirmation and/or a more detailed
characterization compared to similar pathologies of
different etiology or idiopathic nature; and (4) anecdotal
observations (Table 1) [3] . B-cell lymphoproliferative
disorders (LPDs) represent the most closely related
as well as the most investigated forms and should be
considered an ideal model for both clinico-therapeutic and
pathogenetic deductions.

HCV-related Lymphoproliferative
disorders
Mixed Cryoglobulinemia
Mixed cryoglobulinemia (MC) is the most documented
HCV-related extrahepatic disorder [4-6] . The strong
association between HCV and MC has been confirmed by
serological and molecular investigations[4,6,7]. This disorder
is defined by the presence of serum immunoglobulins
(Igs) that become insoluble below 37℃ and can dissolve
by warming serum (cryoglobulins, CGs). According to
Brouet et al [8], CGs are classified on the basis of their
Ig composition: in type I cryoglobulinemia CGs are
composed of a pure monoclonal component, usually
sustained by an indolent B-cell lymphoma, whereas type
II and type III MC are characterized by a mixture of
polyclonal IgG and monoclonal IgM or by polyclonal
IgG and IgM, respectively. In MC, IgG and IgM with
rheumatoid factor (RF) activity participate in the composition of circulating immunocomplexes (CIC). The IgM
www.wjgnet.com
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Table 1 Classification of extrahepatic manifestations of HCV
infection
A: Association defined on the basis of high prevalence and pathogenesis
Mixed cryoglobulinemia (complete or incomplete clinical syndrome)
B: Association defined on the basis of higher prevalences than in controls
B-cell non-Hodgkin’s lymphoma
Monoclonal gammopathies
Porphyria cutanea tarda
Lichen planus
C: Associations to be confirmed/characterized
Autoimmune thyroiditis
Thyroid cancer
Sicca syndrome
Alveolitis-Lung fibrosis
Diabetes mellitus
Non-cryoglobulinemic nephropathies
Aortic atherosclerosis
D: Anecdotal observations
Psoriasis
Peripheral/central neuropathies
Chronic polyarthritis
Rheumatoid arthritis
Polyartheritis nodosa
Bechet’s syndrome
Poly/dermatomyositis
Fibromyalgia
Chronic urticaria
Chronic pruritus
Kaposi’s pseudo-sarcoma
Vitiligo
Cardiomyopathies
Mooren corneal ulcer
Erectile dysfunctions
Necrolytic acral erythema

monoclonal component in type II MC is represented by
RF molecules that most frequently display the WA crossreactive idiotype[9]. Type II (MC II) accounts for 50%-60%
of MC, and type III   (MC III) for the remaining 30%-40%.
Cryoproteins are HCV RNA enriched in comparison
with supernatants in HCV-infected patients. Studies
performed in unselected populations of chronic HCVpositive subjects showed a high prevalence of serum
CGs, ranging from 19% to > 50% according to different
studies[10,11]. However, CGs are generally present at low
levels and symptoms are generally absent or very mild,
whereas clinically evident MC - MC syndrome or MCS
would be evident in 10%-15% to 30% of MC subjects and
in 5%-10% of all HCV infected patients[10-12].
The most common symptoms of MCS are weakness,
arthralgias, and purpura (Meltzer and Franklin triad).
Raynaud's phenomenon, peripheral neuropathy, sicca
syndrome, renal involvement, lung disorders, fever, and
hematocytopenia may also be observed[13]. In a recent study
involving 231 Italian MC patients, peripheral neuropathy
was observed in the majority of cases, representing the
most frequent clinical feature after the triad, followed
by sicca syndrome, Raynaud's phenomenon and renal
involvement[14].
In MC patients, peripheral neuropathy includes mixed
neuropathies, which are prevalently sensitive, axonal, and
can manifest themselves as symmetrical distal neuropathies, multiple mononeuritis or mononeuropathies[15-17].
www.wjgnet.com
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Involvement of the central nervous system is unusual and
generally presents as transient dysarthria and hemiplegia.
Pathological findings show axonal damage with epineural
vasculitic infiltrates and endoneural microangiopathy.
The association between MC and glomerulonephritis
has been clearly demonstrated [18,19] . Nephropathy is
observed in 20% of patients at MCS diagnosis, and in
35%-60% during follow-up[14,19]. The presence of renal
involvement is one of the worst prognostic indices in
the natural history of MCS[14]. MC-related nephropathy
is clinically characterized by hematuria, proteinuria
(sometimes in nephritic range, i.e. > 3 g/24 h), edemas,
and renal failure of variable grade. The histological picture
is similar to that of idiopathic membranoproliferative
glomer ulonephritis, but characterized by capillar y
thrombi consisting of precipitated cryoglobulins under
light microscopy and widespread deposits of IgM in
capillary loops. Histological analysis shows a thickening
of glomerular basal membrane, cellular proliferation and
infiltration of circulating macrophages. From a clinical
point of view, MC patients frequently present with one
or more subclinical signs of renal involvement, including
asymptomatic hematuria, without nephrotic proteinuria
(< 3 g/24 h), with normal or only fairly reduced renal
function (creatinine < 1.5 mg). In 30% of cases, the
clinical manifestation of MC may be acute nephrotic
syndrome[4]. Hypertension may be seen in 80% of MC
patients with renal involvement[20].
Renal manifestations represent a negative prognostic
factor in MC, even if their course may vary. However, in
the long term, MC-related nephropathy may progress to
terminal chronic renal failure requiring dialysis in up to
15% of patients[21].
The association between MC and severe liver damage
has been widely discussed [1,2,9,22,23]. Recent studies have
shown an epidemiological association between MC and
severe liver damage[10,24] as well as between MC and liver
steatosis[25]. In the previously cited study performed on 231
MC patients, survival analysis according to the KaplanMeier method revealed a significantly lower cumulative
10-year survival, calculated from time of diagnosis, in
MC patients when compared with expected death in the
age- and sex-matched general population. Moreover,
significantly lower survival rates were observed in males
and in subjects with renal involvement, the most frequent
causes of death being nephropathy (33%), malignancies
(23%), liver involvement (13%), and diffuse vasculitis
(13%)[14].
No standardized criteria are presently available
for diagnosis of MC syndrome. However, valuable
classifications have been proposed [26]. In the presence
of clear clinical and serological data (i.e., purpura, MC,
reduced C4 values, organ involvement), the diagnosis of
MCS is relatively easy. However, the diagnosis is frequently
only suggested by one or more altered laboratory data (RFtest + and/or mixed cryoglobulinemia and/or reduced
C4 values) with or without mild symptoms (arthralgias
and/or asthenia). Moreover, some HCV-positive subjects
may show clinically evident MCS, though incomplete from
a serological point of view, mainly with the temporary
absence of circulating CGs. This paradox may be explained
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by the fact that the rate of CGs responsible for vasculitic
damage in MCS varies over time among different subjects
as well as within the same patient, ranging from 0% to
100%[3]. In addition, the difficulty in correctly determining
the presence of CGs, due to their thermolability, should be
taken into account.
Determination of serum CGs and serum sample
collection must be in accordance with laboratory standards
as follows: withdrawal of 20 mL of whole blood at warm
temperature; centrifugation for 2-3 min at 37℃; rapid
collection of serum (supernatant); incubation of serum
at 4℃ for one week; evaluation of CGs present at d 7;
isolation and washing of CGs by phosphate buffered
saline at 4℃; characterization of Ig and IgM monoclonality
in the cryoprecipitate. Due to the fact that some mixed
CGs are present in low concentrations, differentiation
between type II and III CGs often requires a more sensitive
method of immunochemical characterization such as
electroimmunofixation or western blot, than conventional
immunoelectrophoresis[27].
Several data, including the presence of a clonal
expansion of B-lymphocytes (BL) in peripheral blood
and/or liver infiltrates [28-31], and the histopathological
features of the bone-marrow and liver lymphoid infiltrates
(see below) confirm the lymphoproliferative nature of
MC. Several studies show that a B-cell clonal expansion (in
particular of RF B-cells) underlies MC, that this condition
is associated with Bcl-2/JH rearrangement (see below), and
that MC- II can evolve into a frank B-cell non-Hodgkin's
lymphoma (NHL) in approximately 8%-10% of cases after
a long period of time[14].
From a histopathological point of view, the determination of monoclonal lymphoproliferation of uncertain
significance (MLDUS) in subjects with clinico-laboratory
features of MC- II is typical [3,32-34]. MLDUS represents
oligoclonal proliferations of small BL, preferentially
located in the bone marrow and liver. In these organs,
MLDUS is generally present with phenotypical and
histological aspects comparable to indolent B-cell
lymphoma. A deeper, immunomorphological analysis
reveals two different varieties: a first and more frequent
variety, with analogous features to B-cell chronic lymphatic
leukemia (CLL)/small cell lymphoma and a second, less
frequent, lymphoplasmacytic-like form. The incidence of
these histological forms varies in different reports[33,35-40].

Lymphoma
HCV-associated lymphatic malignancies may be observed
during the course of MC or they may be idiopathic forms.
About 8%-10% of MC- II evolve into lymphoma [36,41],
generally after long-lasting infection, as demonstrated also
by the advanced age of patients who develop HCV-related
lymphoma. In a recent survey, MC patients had a 35 times
higher risk of NHL than the general population[42].
A significant association between B-cell derived
NHL and HCV infection was initially reported in Italian
subjects [43-49] , and subsequently confirmed by a large
majority of international studies [33,42,47,50-54]. However,
discordant data appeared in northern European and
North American surveys[55-60], and it is now evident that
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a clear south/north gradient of prevalence exists, in
part reflecting different HCV infection prevalence in the
general population, and suggesting the contribution of
environmental and/or genetic factors[54].
From a histopathological point of view, although all
histological types can virtually be found, B-cell derived
NHL is the most common of the HCV-related lymphatic
malignancies[33,45,47,48,61-64].
Reports in the literature indicate varied incidences of
different histotypes that may in part be related to different
diagnostic-classification approaches [40,64-66]. However,
the most diffuse varieties appear to be peripheral B-cellderived indolent NHL. According to the REAL/WHO
classification [67,68] , the most prevalent forms include
follicular lymphoma, B-cell chronic lymphocytic leukemia/
small lymphocyte lymphoma, lymphoplasmacytic
lymphoma, and marginal zone lymphoma [33] . Among
the marginal zone lymphomas, a special association with
HCV infection was reported for the mucosa-associated
lymphoid tissue (MALT) lymphoma[64,69,70], as well as the
splenic forms, as confirmed by some reports indicating
that marginal splenic lymphoma regressed after antiviral
therapy, in spite of previous ineffective chemotherapy[71-72].
Finally, it is of note that a serum monoclonal gammopathy, most frequently type IgM/K, was included among
HCV-associated LPDs[73]. In most HCV-positive patients,
MG was classified as MGUS (monoclonal gammopathies
of uncertain significance), which has to be monitored
in order to exclude the possibility (though remote) of
evolution into multiple myeloma. Currently, a few HCVpositive patients with monoclonal gammopathy are
considered affected by myeloma according to clinicopathological characteristics[68,74,75].

Pathogenesis of HCV-related
lymphoproliferative disorders
The pathogenesis of HCV-related lymphoproliferative
disorders is at present unknown, although knowledge
has accumulated during the last decade which suggests
interesting pathogenetic hypotheses.
First, the individuation of HCV lymphotropism at the
beginning of the 1900s led to the hypothesis of a causal
link between infection of lymphatic cells and autoimmunelymphoproliferative disorders[76]. In an initial study, it was
observed that both HCV positive strand (genomic) and
negative strand (antigenomic = replicative intermediates)
could be detected in peripheral blood mononuclear
cells (PBMC) taken from patients with chronic HCV
infection; that both B and T lymphocytes and monocytes/
macrophages may score positive and that the mitogen
stimulation of PBMC cultures increased the determination
of HCV sequences, with particular reference to negative
strand ones. In addition, the notion of better detection
of HCV lymphatic infection in HIV coinfected patients
was introduced [77] . A lot of information about HCV
lymphotropism, in both in vivo and in vitro systems, has
accumulated during the past decade. These studies were
able to better characterize this viral prerogative by the use
of more specific methods or study models[78-84]. However,
www.wjgnet.com
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it was impossible to obtain a clear scientific confirmation
of a direct link between HCV lymphotropism and LPD
pathogenesis, mostly due to difficulties in the identification
of valuable scientific models, in spite of the demonstration
of a stronger involvement of the lymphatic system in
HCV infection in patients with MC than in HCV patients
without [5,85], and, more recently, the favoring effect of
B-cell infection in promoting lymphatic cell proliferation[86].
By contrast, several interesting data suggest a role only
indirectly played by HCV infection in LPD pathogenesis
through the host's immune response[30,87-90]. Several studies
focused on the importance played by sustained antigenic
stimulation, partly analogous to mechanisms which
may play a key role in lymphomagenesis due to H pylori.
In this light, the identification of the specific binding
between the HCV E2 protein and the CD81 molecule
- which is ubiquitous but particularly abundant on the
B-cell surface [91] - led to the hypothesis of a possible
role played by HCV in the promotion of a consistent
polyclonal B-cell response to viral antigens which favor
the development of LPDs. According to this working
hypothesis, the viral infection will favor lymphomagenesis
in a linear, progressive way until the possible malignant
transformation.
Contrasting data, showing that HCV may favor mutations of immunoglobulin genes and oncogenes by a "hit
and run" mechanism, have recently been obtained both in
cell lines and in cultured cells taken from HCV-infected
patients[92]. This study was justified by previous observations
showing the significant association existing between Bcl-2
rearrangement (14;18 translocation) and chronic HCV
infection, especially in those patients developing type II
MC[93-98], and MALT lymphoma[99]. In type II MC patients,
the analysis of synchronous and metachronous blood
samples showed the clonal expansion of B-cells harboring
this chromosomal rearrangement [95]. In addition, it was
possible to demonstrate the overexpression of the antiapoptotic Bcl-2 protein with a higher Bcl-2/bax ratio in
t(14;18)-positive B-cell samples[95], as well as a modification
of detectability of t(14;18) B-cell clones following antiviral
treatment[100]. Only virologically effective treatments led to
the regression of clones, with consequent lack of t(14;18)
- positive cells in peripheral blood at the end of treatment,
whereas this effect was not observed in non-responder
patients[100]. Regression of B-cell lymphoproliferation after
effective antiviral treatments was also observed in different
studies which utilized different parameters [101] and was
interpreted as a consequence of the dependence of such
lymphoproliferation on viral antigenic stimulation.
More recently, the availability of the study model of
MC patients experiencing a sustained virological response
to antiviral treatments and undergoing long term posttreatment follow-up, has provided new data and, in turn,
opened the way for a series of previously unexpected
issues. This analysis, that was performed by the use of
very sensitive methods for HCV sequence determination,
allowed the identification of subjects which, even if
scoring persistently HCV RNA-negative in both serum and
liver samples, were HCV RNA positive in lymphatic cells
and showed persistence of MCS stigmata ([102] and Zignego
www.wjgnet.com

May 7, 2007

Volume 13

Number 17

et al, submitted paper). In contrast, this behavior was not
observed in patients who showed complete viral clearance,
and in whom MCS persistently disappeared. These observations, after more than a decade, strongly suggested the
possibility of a role played by HCV lymphotropism, as
initially supposed, even if the exact mechanisms involved
are at present unknown.
Overall, on the basis of such data, it is possible to
suggest that HCV infection may lead to the pathogenesis
of LPDs through a complex, multistep pathogenetic
mechanism including - as the initial, favoring event-a strong
and persistent stimulation of the B-cell compartment by
viral epitopes. This would be responsible for sustained
polyclonal expansion - physiological, even if abnormal in
quantitative terms - which in turn would favor mistakes in
immunoglobulin gene rearrangement (VDJ rearrangement)
processes such as t(14;18) translocation, thus favoring the
abnormal survival of corresponding B-cells. Apart from
these mechanisms, only indirectly related to HCV, the role
played by the active infection of B cells and the possible
intervention of a direct mutagenic effect of HCV by a "hit
and run" mechanism following their infection should be
taken into account and be the object of future study. In the
presence of a background of predisposing constitutionalgenetic factors, i.e., a low stimulation threshold of RF-B
cells, the existence of factors leading to inhibition of
B-cell apoptosis would favor the transition from polyclonal
activation and expansion of RF B cells producing polyclonal IgM RF molecules (type III MC), to the emergence
of a dominant clone producing a monoclonal IgM RF
(type II MC). In other words, the switch from a polyclonal
MC secondary to the infection - an epiphenomenal
effect - to the oligo-monoclonal one, might evolve into
a lymphatic malignancy. In this light, some data exist
suggesting that infected B-cells obtained from MC patients
may correspond to MC-typical RF B-cells [103], and that
t(14;18) positive B cells may correspond to RF B-cells
(Giannini et al, unpublished results). On the other hand,
it is well known that abnormal B-cell survival would per
se favor the accumulation of genetic mutations, possibly
leading to the final neoplastic transformation (Figure 1).
Analogous to the association between several different
autoimmune and or lymphoproliferative disorders and a
known pathogenetic mechanism, it is very plausible that,
in some cases, an HCV-associated LPD showing similar
clinical features may arise from alternative pathogenetic
sources not involving Bcl-2 overexpression and/or, more
specifically, Bcl-2 rearrangement[103].

Therapy of HCV-related
lymphoproliferative disorders
Mixed cryoglobulinemia
Most infor mation about treatment of HCV-related
LPDs is derived from studies concerning MCS. This
syndrome, before the identification of its viral etiology,
was interpreted and treated as an "essential" autoimmune/
lymphoproliferative disease by using a combination of
anti-inflammatory, immunosuppressive drugs, as well
as procedures able to reduce the amount of circulating
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HCV-induced mutagenesis

HCV E2-CD81 binding
B-cell infection
t(14;18)/others?
Bcl-2 overexpression
B-cell apoptosis inhibition

Sustained B-cell activation

Genetic and/or environmental factors
(peculiar RF B-cell stimulation)

+

Prolonged B-cell survival

Mixed Cryoglobulinemia

Additional genetic aberrations

Malignant NHL

Figure 1 Hypothetical interpretation of the complex relationship between chronic
HCV infection, and lymphoproliferative disorders.During chronic infection, HCV
is responsible for sustained B-cell proliferation. Factors favoring polyclonal B
lymphoproliferation may include the specific binding of HCV E2 protein to CD 81
(a tetraspannin which, on the B-cell surface, is part of an activating molecular
complex lowering the threshold of B-cell activation by specific epitopes)[92,95], as
well as the specific activation of reactive T-cells by HCV and cytokines. Favoring
factors may also be represented by the persistent infection of B-cells[78,95].
Resulting sustained B-cell proliferation would in turn favor the occurrence of
t(14;18) translocation and/or other errors during V(D)J rearrangement processes
in germinal centers located in secondary lymphoid organs which, in case of
HCV infection, would also include the liver [28]. A more direct role played by
HCV lymphatic infection via viral mutagenic properties cannot be excluded [93].
Bcl-2 antiapoptotic protein overexpression in B-cells would result and lead to
abnormally prolonged B-cell life. In predisposed subjects, in presence of unknown
environmental, viral and/or genetic factors, HCV infection could lead to sustained
production of cryoglobulins. These predisposing factors may include the peculiar
susceptibility of IgM RF producing B-cells (RF B-cells) to be activated and/or
the presence of particular viral variants bearing epitopes capable of selectively
activating RF B-cells. It is tempting to hypothesize that the Bcl-2 rearrangement,
by inhibiting B-cell apoptosis, may favor the lack of silencing higher affinity,
potentially pathological RF B-cells[143], possibly leading to the development of
MC syndrome. In turn, abnormal survival of B-cells would favor the acquisition of
additional genetic aberrations which might ultimately lead to transformation to a
frank B-cell malignancy[33].

immunocomplexes (cr yoglobulins) such as plasma
exchange and low antigen content diet (LAC diet). The
identification of the viral etiology led to the attempt to
eradicate HCV with interferon (IFN)-based treatments.
Interestingly, because of its antiproliferative properties,
IFN was successfully used in the treatment of MCS even
before the identification of HCV[104,105]. Several studies,
utilizing different therapeutic protocols, have been carried
out (Table 2), and the usefulness of IFN therapy for HCVrelated MC is now firmly established. However, an accurate
meta-analysis of performed studies is still hampered by
the heterogeneity of regimens used so that an optimum
regimen has not yet been determined nor have prognostic
criteria been accurately delineated.
Antiviral treatment essentially followed the evolution
of treatment of HCV-related chronic liver disease, with
some latency. In a first series of studies, the effects of
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IFN monotherapy were tested [22,106-116] (Table 2). When
compared with HCV-related chronic hepatitis, treatment
of MC was associated with a relatively poorer response
and high relapse rate. The frequent relapse of both
HCV replication and MC syndrome at the end of IFN
treatment suggested the combination with ribavirin (RBV)
(Table 3): this therapeutic option appeared valid in several
studies[117-120]. Interestingly, it has been shown that RBV
monotherapy also decreases transaminase levels and MCrelated symptoms, probably due to its immunomodulatory
effects [121-123] . Further improvement in the sustained
virological response (SVR) rate was obtained by the
introduction of pegylated IFNs[124-126] (Table 3). However,
additional controlled studies are needed to gain definitive
information.
Interestingly, all available studies show that clinicoimmunological and virologic response are generally strictly
related [112,117,119,125-127]. In recent studies, persistence of
isolated lymphatic infection after therapy was significantly
associated with persistence of MCS stigmata [102] . By
contrast, a long term clinical response was correlated with
persistent HCV negativity of different compartments ([102],
Zignego et al, submitted paper).
Disappearance of B-lymphocyte (BL) monoclonal
infiltrate from bone marrow as well as BL expansion
in peripheral blood following IFN therapy has been
shown. In particular, the antiviral response was shown
to be significantly related to the lack of detection of
circulating B-cell clones bearing t(14;18) translocation[95
,100,128]
(see also above). The reappearance of circulating
translocated BL clones after virological relapse at the
end of treatment, as well as the persistent detection of
t(14;18) positive clones in subjects with unmodified viral
load after identical therapy, strongly indicates that clonal
expansion of translocated cells depends on modifications
of viral replication induced by antiviral treatment[100,128].
More recently, long-ter m analysis of HCV + MCS
patients showing SVR after therapy (see above) indicated
that occult lymphatic infection and persistence of MCS
stigmata were also associated with persistent determination
of expanded t(14;18) carrying B-cell clones ( [102], and
Zignego et al, submitted paper). Altogether the current
data suggest that IFN treatment, when successful, may also
help in preventing the evolution of HCV-related LPDs.
In conclusion, the available data concerning antiviral
treatment of MCS show that this therapeutic approach
should be the first option because of the antiproliferative
and immunomudulatory effects of IFN, the usefulness of
antiviral therapy as demonstrated in most available studies,
the strict correlation between virological and clinical
response, as well as the positive effect of inhibition of viral
replication on B-cell clonal expansion that is considered
the pathogenetic basis of MC. However, in comparison
with antiviral treatment of HCV chronic liver disease,
antiviral therapy of MCS is more complex for several
reasons including the absence of standardized treatment
protocols, the higher frequency of relapse, and generic
or MCS-specific contraindications to antiviral treatment
(i.e., advanced age, severe liver disease, acute nephritis,
widespread vasculitis). In addition, the interpretation
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CS Treatment duration (months) EOT response
Yes
6
80%
Yes
6
100%
6
50%
No
2-12
75%1
No
6
60%
No
12
53.30%
Yes
12
52.90%
No
01
No
28%
No
6
28%
No
12
39%
No
6
52%2
60%3
No
6-12
65%2
No ≥ 12
62%

Sustained response

Table 2 IFN monotherapy in HCV-related mixed cryoglobulinemia
Author
Ferri
Ferri
Marcellin
Johnson
Misiani
Dammacco

Year
1993
1993
1993
1993
1994
1994

Johnson
Mazzaro
Mazzaro

1994
1994
1995

Casaril
Cohen
Akriviadis
Casato

1996
1996
1997
1997

No. patients
15
26
2
4
27
15
16
14
18
18
18
25
20
20
31

Treatment
2 MIU IFN/d (1 m) – 2 MIU IFN × 3/w (5 m)
2 MIU IFN/d (1 m) – 2 MIU IFN × 3/w (5 m)
3 MIU IFN × 3/w
1-10 MIU IFN
1.5 MIU IFN × 3/w (1 w) – 3 MIU IFN × 3/w (23 w)
3 MIU IFN × 3/w
3 MIU IFN × 3/w
Variable IFN
3 MIU IFN × 3/w
3 MIU IFN × 3/w
3 MIU IFN × 3/w
6 MIU IFN × 3/w
3 MIU IFN × 3/w
3-5 MIU IFN × 3/w
3 MIU IFN/d (3 m) – 3 MIU IFN × 3/w (≥ 9 m)

0

0
25%
33.30%

11%
22%
9%3
33%2

CS: corticosteroids; MIU: millions of international units; d: daily; m: months; w: week; EOT: end of treatment; s: Kidney function improvement; 2: Cryoglobulins
disappearance, 3: both complete and partial MC syndrome response. From: Zignego A.L. Postgraduate Course of the 41st Annual Meeting of the EASL, 2006,
modified.

Table 3 Combined IFN (recombinant or pegylated) + ribavirin therapy in HCV-related mixed cryoglobulinemia
Author
Durand
Calleja

Year
1998
1999

Zuckerman
Cacoub
Mazzaro
Alric
Cacoub
Mazzaro

2000
2002
2003
2004
2005
2005

No. patients
5 NR
18
8 NR
9 NR
14
27 NR or Rel
18
9
18

Treatment
RBV
3 MIU IFN × 3/w
3 MIU IFN × 3/w + RBV
3 MIU IFN × 3/w + RBV
Variable IFN + RBV
3 MIU × 3/w + RBV
3 MIU × 3/w or Peg-IFN + RBV
Peg-IFN 1.5 μg Kg-1 w-1 + RBV
Peg-IFN 1 μg Kg-1 w-1 + RBV

CS
No
No
No
No
variable
No
No
No

Treatment duration (months) EOT response
10-36
100%
12
55%
12
63%
6
78%
6-56
12
85%
≥ 18
≥ 10
12
89%

Sustained response
0%
28%
38%
71%
70%
88%
44%

CS: corticosteroids; MIU: millions of international units; d: day; m: months; w: week; EOT: end of treatment; NR: non responders; Rel: relapser; RBV: ribavirin.
From: Zignego A.L. Postgraduate Course of the 41st Annual Meeting of the EASL, 2006.

Evaluation of MC syndrome and CLD

Asymptomatic MC
No different
indications

Severe MC
(i.e. acute nephritis,
widespread vasculitis)
Asymptomatic MC
Different indications

No antiviral theraphy

Symptomatic MC

No different
indications

Different
indications

Antiviral therapy

Figure 2 Algorithm for treatment of HCV-positive mixed cryoglobulinemia patients
with antiviral therapy according to the evaluation of both mixed cryoglobulinemia
syndrome and chronic liver damage. Available data suggest that antiviral therapy
should be considered the first choice treatment in mixed cryoglobulinemia, to
be performed even in the absence of different indications, excluding only those
patients without symptoms and other indications or patients with too severe
manifestations such as acute nephritis or widespread vasculitis. (Zignego AL,
Postgraduate Course EASL 2006, Vienna and [34], modified)

of results following IFN treatment in MCS patients
www.wjgnet.com

seems to be much more complex than in MCS-negative
chronic HCV infection. In fact, biochemical markers of
MC response (cryocrit, RF or complement values) may
be more independent of virological response than ALT
levels. This may confirm the importance of a multiphase,
complex, pathogenetic mechanism in MCS, suggesting the
need for precise monitoring of this category of patients
and the definition of predictive markers which indicate
evolution towards pathogenetic phases of the disease.
A possible candidate marker may be the evaluation of
BL clonal expansion modifications in PBMC samples, as
previously mentioned[95,100,101,128]; further studies are needed
to better define its clinical value.
Figure 2 shows a suggested algorithm for treatment
of HCV-related MCS with antiviral therapy. At present,
antiviral therapy is suggested as the first choice treatment
of this condition, to be performed even in the absence of
different indications, with the exclusion of patients with
only biochemical stigmata of MC (i.e., CGs). Particular
attention should also be given to the treatment of severe
MCS (i.e., patients with acute nephritis, widespread
vasculitis). In these cases no sufficient data are available
supporting the safety of IFN administration and a cautious
attitude is strongly suggested. It is opportune to use
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alternative, more "traditional" therapeutic approaches in
all patients in whom antiviral treatment is contraindicated
or not tolerated or who are non-responders. Alternatives
include corticosteroids, immunosuppressive drugs, FANS,
plasmapheresis and a hypo-antigenic diet[34,129]. Treatment
should be tailored to the single patient, according to
the severity of clinical symptoms, and considering the
possible additional factors involved (age, co-morbidity
etc.), and limited to the time (weeks or months) required
for symptom remission. Any therapeutic approach
aimed at improving serological parameters in clinically
asymptomatic patients should be avoided.
Corticosteroids are the most commonly used therapy
for MCS before HCV identification due to the fact that,
even at low doses, they can control the majority of MCS
symptoms. On the other hand, corticosteroids may favor
HCV replication, may cause several side effects, and
do not induce significant modifications in the cryocrit
levels or in the natural history of the disease. Cytostaticimmunosuppressive dr ugs (i.e., cyclophosphamide,
chlorambucil and azathioprine) have been used mainly
in the absence of response to corticosteroids and/or
during the acute phases of MCS (i.e., acute nephritis
evolving towards renal failure, hyperviscosity syndrome
in association with plasmapheresis). These molecules
generally have some severe side effects, including disease
progression secondary to the relevant immunosuppressive
effect [130]. A special note must be made of new B-cell
specific immunosuppressive therapy based on the use of
chimeric antibodies against the CD20, a B cell specific
surface antigen (rituximab)[131,132]. Several studies showed
that rituximab is effective in most patients with MC,
leading to marked improvement or resolution of the
syndrome - with particular reference to skin lesions - and
regression of the expanded B-cell clones[131,132]. However,
in spite of the fact that no immediate treatment-induced
liver damage has been reported, this drug leads to an
increase in HCV replication, explaining interest in its
combination with antiviral molecules [34,131-134]. Overall,
this therapeutic approach appears to be very promising
in the management of MCS patients, however, future
prospective, controlled, and randomized studies are still
required to establish evidence-based guidelines to treat
HCV-related MCS.
Other therapeutic measures are aimed at reducing CG
concentration. These include plasmapheresis, and a LAC
diet. Plasmapheresis represents the aphaeretic removal of
CGs and circulating immunocomplexes. Because of its
effectiveness and rapid action, it is especially indicated in
the presence of acute manifestations (cryoglobulinemic
nephritis, severe sensorimotor neuropathies, cutaneous
ulcers, hyperviscosity syndrome). The association with
cyclophosphamide has been shown to be effective in
reducing the "rebound effect" at the end of aphaeresis.
The LAC diet has a reduced content of alimentary macromolecules with high antigenic properties allowing more
efficient removal of CGs by the reticulo-endothelial
system. This diet can improve minor manifestations of the
disease (purpura, arthralgias, paresthesias), and is generally
prescribed at the initial stage of the disease.
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Evaluation of MC syndrome severity

Mild-moderate purpura
Weakness
Arthralgias
Mild neuropathy

LAC diet
Low-medium doses CS
+/-other symptomatics

Moderate-severe MPGN, skin vasculitis
or
Severe-rapidly progressive MPGN
Severe sensomotor neuropathies
Widespread vasculitis

Rituximab

PE + CS +/- CF

Severe

Moderate

Non
responses

Responses

Antiviral
therapy ？

Figure 3 Algorithm for treatment of HCV-positive mixed cryoglobulinemia patients
who are non-responders or in whom antiviral treatment is contraindicated or
not tolerated. When antiviral treatment is not indicated this algorithm suggests
other approaches for the management of mixed cryoglobulinemia, including
anti-inflammatory drugs (first corticosteroids, CS), procedures able to lower the
concentration of cryoglobulins such as the low antigen content (LAC) diet or
plasma exchange (PE) as well as immunosuppressive drugs (cyclophosphamide,
CF). In patients with only mild to moderate syndrome, cycles of therapy with antiinflammatories, the LAC diet or other symptomatic treatments are suggested.
Therapy should be adapted to the single patient and limited in time. In patients
with more severe syndromes, cycles of plasma exchange plus corticosteroids and/
or immunosuppressive drugs are indicated. The use of rituximab, a selective B-cell
suppressor, may be an alternative treatment in some cases where antiviral therapy
is initially contraindicated. (Zignego AL, Postgraduate Course EASL 2006, Vienna
and [34])

Figure 3 is a synthetic algorithm of the management
of MCS, when etiological therapy is not possible or is
ineffective.

Lymphoma
In light of the above obser vations about MCS, the
inclusion of antiviral therapy seems to be rational in
therapeutic schemes for HCV-positive NHL. This appears
to be confirmed by recent studies, performed in lowgrade lymphoma[135] and, in particular, in marginal zone
lymphomas[71,136]. Vallisa et al treated 13 patients with HCVassociated low-grade B-NHL characterized by an indolent
course (i.e., doubling time no less than 1 year, no bulky
disease) with pegylated IFN and ribavirin. Hematologic
responses were observed in the majority of patients
(complete and partial responses, 75%) and were highly
significantly associated with clearance or decrease in serum
HCV viral load following treatment, strongly providing
a role for antiviral treatment in HCV-related, low-grade,
B-cell NHL. Hermine et al showed that most patients with
HCV and splenic lymphoma with villous lymphocytes
(SLVL) entered complete remission upon treatment with
IFN[71]. The inclusion of a control group integrated by
patients with the same LPD but without HCV infection
demonstrated that, in contrast with HCV-infected patients,
HCV-negative subjects did not respond to IFN therapy,
strongly suggesting that the response observed in HCVpositive patients was not merely due to the antiproliferative
www.wjgnet.com
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effect of IFN. Analogously, regression of clonal proliferation in response to antiviral treatment was shown
to be clearly associated with virological response [95,128].
Interestingly, also in HCV patients without evidence of
LPD, a close association between the virological response
and the loss of B-cell monoclonality with persistence of
expanded t(14:18)-positive B-cell clones in non virological
responders was shown, indicating that the more effective
the antiviral therapy is, the more likely is loss of B-cell
clonality[100].
Unfortunately, only some lymphomas may be cured
with antiviral therapy. In addition, also in cases of responsive SLVL, the rearrangement of the monoclonal
immunoglobulin genes observed at diagnosis is still detectable in the blood even after a complete hematological
response has been achieved[72]. These data suggest that
the multi-step lymphomagenetic cascade is complicated
by points of no return, making LPD more and more
independent of HCV infection. Although antiviral therapy
appears to be an attractive therapeutic tool for low-grade
HCV-positive NHL, in intermediate and high-grade NHL,
chemotherapy is expected to be necessary and antiviral
treatment may be suggested as maintenance therapy after
chemotherapy completion[137]. Further studies are needed
to better standardize the antiviral therapy for HCV-related
NHL patients.
The use of rituximab in HCV-associated NHL, in
monotherapy or in combination with antiviral treatment
and/or chemotherapy, appears very promising, especially
in the setting of low-grade NHL, where rituximab
monotherapy has been proposed as first-line treatment[138].
Interestingly, Hainsworth et al showed that the use of
rituximab in low-grade NHL with scheduled maintenance
at 6-mo intervals produced high overall and complete
response rates and a longer progression-free survival than
has been reported with a standard 4-wk treatment[138].
Few data are presently available specifically concerning
patients with HCV-associated NHL. For example, Somer
et al observed that after rituximab treatment a patient
with Sjogren's syndrome (SS) and lymphoma showed
improvement of parotidomegaly, ocular tests and salivary
flow rate [139]. In addition, Ramos-Casals et al reported
two patients with HCV-related SS who developed B-cell
lymphoma and who responded successfully to treatment
with rituximab[140].
In synthesis, in spite of the limited number of described
cases, it appears reasonable to consider rituximab as a
safe and effective therapy for HCV-related indolent B-cell
lymphoma.
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INTRODUCTION
Abstract
AIM: To explore the capability of a monoclonal antibody
(mAb) against murine endoglin to inhibit tumor
angiogenesis and suppression of hepatoma growth in
murine models.
METHODS: A monoclonal antibody against murine
endoglin was purified by affinity chromatography and
passively transfused through tail veins in two murine
hepatoma models. Tumor volume and survival time were
observed at three-day intervals for 48 d. Microvessels in
tumor tissues were detected by immunohistochemistry
against CD31, and angiogenesis in vivo was determined
by alginate encapsulated assay. In addition, tumor cell
apoptosis was detected by TUNEL assay.
RESULTS: Passive immunotherapy with anti-endoglin
mAb could effectively suppress tumor growth, and
prolonged the survival time of hepatoma-bearing mice.
Angiogenesis was apparently inhibited within the tumor
tissues, and the vascularization of alginate beads was
also reduced in the mice passively transfused with antiendoglin mAb. In addition, increased apoptotic cells
were observed within the tumor tissues from the mice
passively transfused with anti-endoglin mAb.
CONCLUSION: Passive immunotherapy with antiendoglin mAb effectively inhibits tumor growth via
inhibiting tumor angiogenesis and increasing tumor
cell apoptosis, which may be highly correlated with the
blockage of endoglin-related signal pathway induced by

Liver cancer is the 5th leading cancer type in the world[1,2].
Despite aggressive therapeutic approaches made in the
past decades, the prognosis of liver cancer remains poor,
5-year mortality exceeds 95%[1-3]. It is thus necessary to
seek other more rational approaches for treatment of liver
cancer.
Endoglin is a homodimeric transmembrane glycoprotein, which was initially identified as a human leukemiaassociated homodimer cell-membrane antigen[4]. Studies
performed in different laboratories using various antibodies
to endoglin have revealed endoglin expression and upregulation in a wide range of tumor endothelia, but seldom
found in the endothelia of normal tissues, suggesting
that endoglin is highly related to tumor angiogenesis[5,6].
In addition, another study demonstrated that blockage of
the endoglin pathway in human umbilical vein endothelial
cells resulted in marked a inhibition of in vitro angiogenesis
in combination with TGF-β, indicating that endoglin is
a pro-angiogenic component in the endothelial cells [7].
Therefore, therapeutic approach targeting endoglin may
potentially have the capability of avoiding system sideeffects. It is thus conceivable to consider that passive
immunotherapy with anti-endoglin mAb may potentially
have the capability of inhibiting tumor growth and/or
tumor metastasis through interference of the endoglinrelated angiogenesis pathway. In our previous study, we
have established a hybridoma cell line secreted monoclonal
antibody (mAb) against murine endoglin, which has been
demonstrated to have the capability of specifically staining
with recombinant murine endoglin and tumor microvessel
density by Western blot and immunohistochemistry[8]. In
www.wjgnet.com
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the current study, we produced and purified the mAb, and
then passively transfused with the mAb in two murine
hepatoma models to observe the therapeutic effects
against hepatoma.

MATERIALS AND METHODS
Materials
Hybridoma cell line (mEDG) secreted mAb against
murine endoglin was established by us[8]. Nude mice were
purchased from the Animal Center of Central South
University (Hunan, China). Hepa1-6 and H22 hepatoma
cell lines were presented by State Key Laboratory of
Biotherapy (Sichuan University, Chengdu, China) and
stored by us. BALB/c and C57BL/6 mice were purchased
from the Animal Center of Hainan province, China.
EMAM and RPMI-1640 culture media were purchased
from Gibco (USA). CM Affi-Gel blue gel kit was
purchased from Bio-Rad (USA). mAb against CD31 and
labeled streptavidin biotin reagents were purchased from
Dako (USA). Alginate and FITC–dextran solution were
purchased from Sigma (USA). In Situ Cell Death Detection
kit (AP) was purchased from Roche (USA).
Production and purification of antibodies
The production and purification of the mAb against
murine endoglin were carried out as previously described[8].
Briefly, the EMAM hybridoma cell line mEDG was
cultured in complete EMAM medium supplemented
with 100 mL/L fetal calf serum at 37℃ in a humidified
atmosphere containing 50 mL/L CO2 in air. Hybridoma
cells grown at log-phase were collected and 5 × 106 cells (in
2 mL suspension) were intraperitoneally injected into nude
mice. About one to two weeks later, the ascetic fluid was
harvested, purified by affinity chromatography (CM AffiGel blue gel kit) following the manufacturer's instructions.
In addition, for control observation, antibodies were also
purified from the sera derived from the normal mice at
12 wk of age by affinity chromatography as previously
performed by us[9].
Passive immunotherapy of hepatoma with anti-endoglin
mAb
For the investigation of the therapeutic efficacy of the
anti-endoglin mAb in anti-tumor activity in vivo, mice
at 6 to 8 wk of age were firstly inoculated with 2 × 106
live tumor cells into the right flank and left untreated
until palpable tumors of distinct size (about 4-6 mm in
diameter) appeared in the mice. Then, the mice were
randomly divided into three groups of ten mice each.
Group 1 (anti-endoglin mAb therapy, anti-mAb) mice were
administered intravenously with the purified anti-endoglin
mAb (50 mg/kg) via tail vein, and then treated twice per
week for 4 consecutive weeks. Group 2 (control therapy
with the purified antibodies from normal mice at 12 wk of
age, cont-Ab) mice were administered intravenously with
the purified antibodies (50 mg/kg) from normal mice at 12
wk of age via tail vein, and then treated twice per week for
4 consecutive weeks, as did in group 1. Group 3 (untreated
control, cont-NS) mice were injected with equal volume
of normal saline (NS) without containing any antibodies.
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The Hepa1-6 hepatoma (Hepal-6) model was established
in C57BL/6 mice, and the H22 hepatoma (H22) model
was in BALB/c mice. All procedures were performed in
accordance with protocols approved by the Institutional
Animal Care and Use Committee. The tumor size and
survival rate were monitored at a three-day interval, and
the tumor volume was calculated by the following formula:
Tumor volume = 0.52 × length × width2.
Immunohistochemical detection of tumor microvessel
density
To determine microvessel density (MVD), frozen sections of tumor tissues were prepared, and subjected to
immunohistochemical staining for CD31 as previously
described[9-12]. Briefly, frozen sections were fixed in acetone,
incubated, and stained with an antibody reactive to CD31.
Sections were then stained with labeled streptavidin biotin
reagents. Any endothelial cell or endothelial cluster positive
for CD31 (purple staining) was considered to be a single
countable microvessel.
Alginate encapsulation assay
Alginate-encapsulated tumor cell assays were performed as
previously described[13]. Briefly, Hepal-6 or H22 hepatoma
cells were resuspended in a 15 g/L sodium alginate
solution and added dropwise into a swirling 37℃ solution
of 250 mmol/L calcium chloride. Alginate beads were
formed containing approximately 1 × 10 5 tumor cells
per bead. Mice were anesthetized, and four beads were
subcutaneously implanted into an incision made on the
dorsal side. Incisions were closed with surgical clamps.
Thereafter, mice were grouped and treated with antibodies
or NS as aforementioned. After 14 d, mice were injected
intravenously with 100 μL of 100 mg/kg FITC-dextran
solution. Beads were surgically removed and FITC-dextran
was quantified against a standard curve of FITC-dextran
as previously described[9-12].
Detection of tumor cell apoptosis in situ
To detect in situ tumor cell apoptosis, sections of tumor
tissues from both Hepal-6 and H22 models were fixed
with 10 g/L paraformaldehyde in PBS, and apoptotic
cells were detected using TUNEL assay according to the
manufacturer's instructions (In Situ Cell Death Detection
kit, Roche, USA). Apoptosis rate was quantified in a blind
fashion by two independent reviewers by determining the
percentage of positively stained cell nuclei in 20 randomly
chosen fields/section at 200 × magnification.
Statistical analysis
For comparison of individual time points, ANOVA and
an unpaired Student's t-test were used. Kaplan-Meier
method was used to plot survival curves and the statistical
significance was determined by the log-rank test. P < 0.05
was considered statistically significant. Error bars represent
the SD (standard deviation) unless otherwise indicated.

RESULTS
Inhibition of tumor growth
The tumor volume was monitored at a three-day interval.
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Figure 1 Tumor volumes at different time-points in Hepal-6 (A) and H22 (B)
models. Cont-Ab: mice transfused with control antibodies; Cont-NS: mice
transfused with NS; anti-mAb: mice transfused with anti-endoglin mAb. aP < 0.05,
b
P < 0.01. Data are shown as mean ± SD, n = 10 in each group.
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Figure 3 Significant decrease in microvessel density (stained as purple color) in
the tumor tissues from the mice transfused with anti-endoglin mAb (A) compared
to the mice transfused with control antibodies (B) and the mice transfused with NS
(C). Quantitative analysis of microvessels in Hepal-6 and H22 models (D), the bars
represent mean ± SD, bP < 0.001.
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Figure 2 The survival rates at different time-points in Hepal-6 (A) and H22 (B)
models. Log-rank test, P < 0.01, n = 10 in each group.

Tumors in both Hepal-6 (Figure 1A) and H22 (Figure
1B) models grew progressively in two control group mice
treated with normal antibodies or NS, but a significant
inhibition of tumor growth was observed in the mice
passively transfused with anti-endoglin mAb (Figure 1).
Compared with the control groups, tumor volume in
the mice passively transfused with anti-endoglin mAb
significantly decreased (P < 0.05) from d 21 or 24 after
tumor cell injection (Figure 1).
Increased survival rate of tumor-bearing mice
The survival rate of the tumor-bearing mice was also
monitored at a three-day interval. Compared with the
control group mice treated with normal antibodies or NS,
the survival rate of the mice passively transfused with
anti-endoglin mAb significantly increased in both Hepal-6
(Figure 2A) and H22 (Figure 2B) models (P < 0.01 by logrank test). Thus, significant increase in survival rate and
inhibition of tumor growth in the two hepatoma models
suggested that passive immunotherapy with an antiendoglin mAb has significant therapeutic effects against
murine hepatoma.
Inhibition of tumor angiogenesis in tumor tissues
Significantly more microvessels (purple color staining)
were seen in the tumor tissue sections from the control
mice (Figures 3B and C), while almost no such stained
microvessels were seen in the tumor tissue sections from the
mice passively transfused with anti-endoglin mAb (Figure

3A). The average number of microvessels per high-power
field in both Hepal-6 and H22 hepatoma models (10.32 ±
3.51 and 12.85 ± 4.27, respectively) in the mice passively
transfused with anti-endoglin mAb were significantly lower
than those in the mice transfused with control antibodies
(89.69 ± 15.06 and 80.56 ± 15.38, respectively) and the
mice transfused with NS (89.12 ± 16.31 and 94.35 ± 17.89,
respectively) (Figure 3D; P < 0.001).
Inhibition of angiogenesis in alginate encapsulation beads
in vivo
Inhibition of angiogenesis was further confirmed by
using alginate encapsulation assay. Alginate implanted
angiogenesis was quantified by measuring the uptake
of FITC-dextran into beads. Compared with the two
control groups (Figures 4B and C), a significant inhibition
of angiogenesis was found on the beads from the mice
passively transfused with anti-endoglin mAb (Figure 4A).
FITC-dextran uptake (μg) was significantly decreased in
both Hepal-6 and H22 hepatoma models (0.42 ± 0.07 and
0.51 ± 0.09, respectively) in the mice passively transfused
with anti-endoglin mAb than that in the mice transfused
with control antibodies (4.38 ± 0.94 and 4.79 ± 1.28,
respectively) and the mice transfused with NS (4.56 ± 1.02
and 4.93 ± 1.15) (Figure 4D; P < 0.001).
Increase in tumor cell apoptosis
To further investigate the anti-tumor mechanism induced by
the passive transfusion with anti-endoglin mAb, a TUNEL
assay was performed to observe the tumor cell apoptosis in
situ. TUNEL assay revealed a marked increase in apoptosis
in tumor tissues from both Hepal-6 and H22 hepatoma
models (43.68% ± 7.32% and 39.54% ± 5.93%, respectively)
in the mice passively transfused with anti-endoglin mAb
than that in the mice transfused with control antibodies
(8.43% ± 2.37% and 7.18% ± 1.96%, respectively) and the
mice transfused with NS (9.02% ± 3.02% and 6.95% ±
2.39%, respectively) (Figure 5; P < 0.001).
www.wjgnet.com
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Figure 4 Significant inhibition of angiogenesis in the tumor cell-encapsulated
beads from the mice transfused with anti-endoglin mAb (A) than that in the
tumor tissues from the mice transfused with control antibodies (B) and the mice
transfused with NS (C). Quantitative determination of FITC-dextran uptake in
Hepal-6 and H22 models (D); the bars represent mean ± SD, bP < 0.001.

DISCUSSION
The generation of new blood vessels, or angiogenesis,
is a complex multi-step process. Evidence suggests that
the growth and persistence of solid tumors and their
metastases are angiogenesis-dependent[14–17]. To date, a
number of molecules that stimulate angiogenesis as well as
those that inhibit this process have been elucidated[17,18]. In
this regard, as a strategy for cancer therapy, anti-angiogenic
therapy, which targets genetically stable endothelial cells,
has several advantages over conventional tumor cell
targeting in the therapy of solid tumors: (1) This approach
may have the potential to circumvent the problem of
acquired drug resistance[19,20]. The reasonable explanation
is that drug resistant mutants are easily generated from
tumor cells due to the genetic instability of tumor cells.
On the contrary, genetically stable normal cells, such
as vascular endothelial cells, would be far less adept at
generating such mutants; (2) anti-angiogenic therapy may
have the capability of overcoming the problem of tumor
heterogeneity [21]. At present, tumor heterogeneity has
become a major problem with the tumor cell-targeting
therapy; (3) physiological barriers for the high-molecular
weight drugs (such as antibodies and immunoconjugates)
to penetrate into solid tumors will be also circumvented
by targeting a tumor's vasculature rather than tumor cells
themselves[22,23]. The possible reason is that, unlike tumor
cells in the solid tumors, the vascular endothelial cells are
directly accessible to circulating high-molecular weight
drugs; (4) many thousands of dependent tumor cells will
die of nutrient and/or oxygen deprivation if a capillary or
a sector of the capillary bed fails[24,25]. Therefore, killing of
only a minority of vascular endothelial cells of tumors may
be sufficient to eradicate most malignant cells in tumor
www.wjgnet.com
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Figure 5 Significantly increased apoptosis in the tumor tissues from the mice
transfused with anti-endoglin mAb (A) compared to the mice transfused with
control antibodies (B) and the mice transfused with NS (C). Quantitative analysis
of apoptotic cells in Hepal-6 and H22 models (D), the bars represent mean ± SD,
b
P < 0.001.

tissues; and (5) a single agent developed for anti-angiogenic
therapy could be applied to various types of solid tumors
and other angiogenesis-associated diseases.
A few lines of evidence have demonstrated that
endoglin is one of the marker molecules of tumor
angiogenesis, and is specifically expressed and upregulated in tumor-associated angiogenic vasculatures,
specially in tumor microvessels[1-3]. The level of endoglin
in serum and tumor tissues detected by ELISA or
immunohistochemistry correlated well with the prognosis
of solid tumors[2,3,26]. Thus, a specific mAb against endoglin
may be a good tool for diagnosis and treatment of solid
tumors, including hepatoma.
In the current study, we used an anti-endoglin mAb
established by us in our previous study to observe the
anti-tumor activities by passive immunotherapy in two
hepatoma models. We found that passive immunotherapy
with anti-endoglin mAb could effectively suppress tumor
growth, and prolong the survival rate of hepatoma-bearing
mice. Angiogenesis was apparently inhibited within the
tumor tissues, and the vascularization of alginate beads
was also reduced in the mice passively transfused with
anti-endoglin mAb. In addition, there were increased
apoptotic cells within the tumor tissues from the mice
passively transfused with anti-endoglin mAb. Based on
the aforementioned findings, we may thus conclude the
possibility that the therapeutic activities against hepatoma
by passive immunotherapy with anti-endoglin mAb may
result from the inhibition of tumor angiogenesis and
the increase of tumor cell apoptosis, which may highly
correlate with the blockage of endoglin-related signal
pathway induced by anti-endoglin mAb.
The endothelium in normal vasculatures is considered
the most quiescent because the turnover of the endothelial
cells is very low[27-30]. However, the endothelial cells in
the tumor tissues can undergo rapid proliferation which
promote spurts of tumor angiogenesis due to hypoxia and
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secretion of various molecules that stimulate angiogenesis
by the endothelial cells themselves and tumor cells.
Therefore, a proliferation-associated antigen on endothelial
cells may be a good candidate for anti-angiogenic
therapy. Endoglin has been proven to be a proliferationassociated antigen on endothelial cells [7,31,32]. Previous
studies demonstrated that anti-endoglin mAbs showed a
highly restricted reactivity to proliferating endothelial cells,
immature acute lymphoblastic leukemia (ALL) cells and
myeloid/monocytic leukemia cells[4,33,34]. In the current
study, we further found that passive immunotherapy
with anti-endoglin mAb reached effectively antihepatoma activities in murine models. Thus, this study
also demonstrated that passive immunotherapy with antiendoglin mAb may be a potential approach for treatment
of hepatoma and other solid tumors.
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Abstract
AIM: To evaluate whether the combination of recombinant chicken fibroblast growth factor receptor -1
(FGFR-1) protein vaccine (cFR-1) combined with lowdose gemcitabine would improve anti-tumor efficacy in a
mouse CT26 colon adenocarcinoma (CT26) model.
METHODS: The CT26 model was established in BABL/c
mice. Seven days after tumor cell injection, mice were
randomly divided into four groups: combination therapy,
cFR-1 alone, gemcitabine alone, and normal saline
groups. Tumor growth, survival rate of tumor-bearing
mice, and systemic toxicity were observed. The presence
of anti-tumor auto-antibodies was detected by Western
blot analysis and enzyme-linked immunospot assay,
microvessel density (MVD) of the tumors and tumor cell
proliferation were detected by Immunohistochemistry
staining, and tumor cell apoptosis was detected by TdTmediated biotinylated-dUTP nick end label staining.
RESULTS: The combination therapy results in apparent
decreases in tumor volume, microvessel density and
www.wjgnet.com

tumor cell proliferation, and an increase in apoptosis
without obvious side-effects as compared with either
therapy alone or normal control groups. Also, both autoantibodies and the antibody-producing B cells against
mouse FGFR-1 were detected in mice immunized with
cFR-1 vaccine alone or with combination therapy, but not
in non-immunized mice. In addition, the deposition of
auto-antibodies on endothelial cells from mice immunized
with cFR-1 was observed by immunofluorescent staining, but not on endothelial cells from control groups.
Synergistic indexes of tumor volume, MVD, cell apoptosis
and proliferation in the combination therapy group were
1.71 vs 1.15 vs 1.11 and 1.04, respectively, 31 d after
tumor cell injection.
CONCLUSION: The combination of cFR-1-mediated antiangiogenesis and low-dose gemcitabine synergistically
enhances the anti-tumor activity without overt toxicity in
mice.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Colorectal cancer is the third most common malignancy
in the world and the fourth killer among all tumors in
China[1,2]. The prognosis of advanced colorectal cancer
remains poor, estimated 5-year survival rates less than
10% [1-3]. Thus, it is essential to seek multidisciplinary
approaches for the treatment of colorectal cancer.
It is generally believed that the growth and metastases
of a tumor are angiogenesis-dependent and thus that
anti-angiogenic therapy, which targets genetically stable
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endothelial cells as a strategy for cancer therapy, is highly
warranted[4-6]. At present, basic fibroblast growth factor
(bFGF) has been shown to be one of the most important
angiogenic growth factors for tumor angiogenesis. bFGF
serves its biological function through interaction with its
high-affinity receptor, fibroblast growth factor receptor-1
(FGFR-1), which is markedly expressed both in active
endothelial cell and in many different forms of tumor
and plays an important role in tumor angiogenesis and
tumor growth [7-10] . Accumulating evidence indicates
that an FGFR-1-mediated anti-angiogenesis target for
tumor immunotherapy could suppress angiogenesis and
further inhibit tumor growth[11-13]. Our data indicate that
vaccination with the cFR-1 protein can induce autoantibodies against FGFR-1 in mice[14].
Chemotherapy remains one of the major systemic
therapies for cancer, but acquired drug resistance is one
of the major hindrances to chemotherapy. Recently,
evidence has confirmed that low dosages of conventional
chemotherapeutic drugs can damage or kill the endothelial
cells of tumor neovasculature through various direct
or indirect mechanisms, and delay acquired resistance
to these chemotherapeutic drugs [15-17]. Other findings
have also demonstrated that anti-angiogenic therapy
combined with various chemotherapy drugs could more
effectively inhibit tumor growth without overt toxicity
relative to either therapy alone[16-20]. Gemcitabine is a new
deoxycytidine analog that inhibits DNA synthesis and
has shown cytotoxicity against a wide range of cancer
cell lines in vitro and applied widely in clinical anti-tumor
therapy[20-22]. Moreover, studies have also confirmed that
the combination of an anti-angiogenic biotherapy with
a low-dose gemcitabine strategy can effectively suppress
tumor angiogenesis without increased overt toxicity relative
to either therapy alone[20]. Thus, in this study, we primarily
evaluated the anti-tumor activities of the recombinant
cFR-1 protein vaccine in combination with low-dose
gemcitabine in a mouse tumor model.

MATERIALS AND METHODS
Vaccine preparation
The lyophilized recombinant proteins of cFR-1 and
mouse FGFR-1 (mFR-1) were dissolved in NS and mixed
with an equal volume of aluminum hydroxide adjuvant at
4 mg/mL for 60 min before use in vaccination[23].
Design of animal experiments
The CT26 tumor model was established in BALB/c mice
to evaluate whether the combination of cFR-1 vaccine
and low-dose gemcitabine would improve the antitumor efficacy. Six to eight-week-old female mice were
transplanted with 1 × 106 live tumor cells. After tumors
had grown for 7 d, the mice were randomly divided into
the following four groups of 10 mice each. Group 1 mice,
treated with a combination of cFR-1 vaccine and lowdose gemcitabine (C + G), received cFR-1 vaccine plus
low-dose gemcitabine as follows: after d 0 (7 d after tumor
cell injection), cFR-1 vaccine was injected subcutaneously
(s.c.) once a week for 4 wk with a dose of 10 μ g per
mouse. At d 7 (14 d after tumor cell injection), 20 mg/kg
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of gemcitabine was injected intraperitoneal (i.p.) at an
interval of every 3 d for a total of 4 doses. Group 2 mice,
treated with cFR-1 vaccine alone (cFR), received cFR-1
vaccine in a similar scheme as that in group 1, except that
it lacked gemcitabine. Group 3 mice, treated with lowdose gemcitabine alone (G), received the same dose of
gemcitabine as group 1, but they did not receive the cFR-1
vaccine. Group 4 mice, the untreated group (NS), received
sterile NS s.c. as the scheme of vaccination or were treated
i.p. as in group 1, respectively. Tumor growth was evaluated
every 3 d and tumor volume was estimated using the
formula for an ellipsoid (0.5 × length × width × height).
At the end of the experiment, the tumor tissues, major
organs and blood samples of the mice were collected for
subsequent histologic and immunologic investigations. All
studies involving mice were approved by the Institute's
Animal Care and Use Committee.
Western blot analysis
Western blot analysis was performed as described previously[14]. Briefly, the recombinant proteins were separated
by 12 % SDS-PAGE. Gels were transblotted with the
Mini Polyacrylamide Gel System (Bio-Rad, USA) onto
a polyvinylidene difluoride membrane. Membrane blots
were blocked at 4℃ in 5% nonfat dry milk, washed and
probed with mouse sera at a 1:500 dilution. Blots were
then washed and incubated with goat anti-mouse IgG
HRP-labeled secondary antibody and then stained with the
Vectastain ABC kit (Vector, Burlingame, USA).
Enzyme-linked immunospot (ELISPOT) assay
The ELISPOT assay for the enumeration of antibodyproducing B cells (APBCs) has been described[14]. Briefly,
PVDF-bottomed, 96-well filtration plates (Millipore, Bedford,
USA) were coated with 30 μg/mL of recombinant FGFR-1
protein. Mononuclear cells prepared from spleen were
incubated on the plates at 37℃ for 4 h. IgG bound to the
membrane was revealed as spots with alkaline phosphataseconjugated anti-mouse IgG antibodies.
Immunohistochemistry
For microvessel density (MVD) and cell proliferation
analyses, frozen sections were fixed in acetone, incubated
and stained with antibodies reactive to either CD31 or
proliferating cell nuclear antigen (PCNA) (BD Pharmingen,
USA), respectively. The MVD was determined by counting
the number of microvessels and the proliferation index
was calculated as the ratio of the proliferation cell number
to the total cell number per high-power field in tumor
sections as described[24].
To identify the endothelial deposition of auto-antibody
by immunofluorescent staining, frozen sections were fixed
in acetone, washed with PBS, and incubated with FITCconjugated antibody against mouse IgG, IgA, or IgM
(Sigma, St. Louis, USA). Moreover, sections of tissue were
fixed with 1% paraformaldehyde in PBS and stained for
apoptosis analysis by using the TdT-mediated biotinylateddUTP nick end labeling (TUNEL) assay according to the
manufacturer's instructions (In Situ Cell Death Detection
Kit; Roche, UK). These slides were imaged using a
fluorescence microscope and the apoptosis index was
www.wjgnet.com
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4

Day

FGFR-1 Gemcitabine Combination therapy Index
3

Tumor volume index
MVD index
Apoptosis index
Proliferation index

0.48
0.35
0.48
0.49

0.60
0.66
0.43
0.46

Expected

Observed

0.29
0.23
0.21
0.22

0.17
0.20
0.19
0.21

1.71
1.15
1.11
1.04

1

Relative Fraction (RF) = mean tumor volume (or MVD, apoptosis and
proliferation index) experimental/mean tumor volume (or MVD, apoptosis
and proliferation index) untreated on d 31, respectively. –2Day after tumor
cell transplantation. –3RF of gemcitabine × RF of cFR-1 vaccine. –4Obtained
by dividing the expected RF by the observed RF.
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Figure 1 The combination therapy inhibited tumor growth (A) and improved the
survival of tumor-bearing mice (B) significantly. aSignificant difference compared to
untreated group, aP < 0.05.

calculated as the ratio of the apoptotic cell number to the
total cell number in each high-power field.
Calculation of synergistic indexes: Mean values of
tumor volume, MVD, cell apoptosis and proliferation
were used for calculation of the correspondent synergistic
indexes using the methods described before[24]. Briefly,
the mean tumor volume, MVD, cell apoptosis index or
proliferation index in each treatment group was obtained
by dividing the mean value by that in the untreated control
group. The expected relative ratio of the combination
treatment group was obtained by timing the observed
relative ratio of the xenogeneic FGFR-1 vaccine treatment
group to that of the low-dose gemcitabine treatment
group. Then, the corresponding synergistic index of
tumor volume, MVD or proliferation (compared to the
untreated control group, the resultant value was decreased)
was obtained by dividing the expected relative ratio by the
observed relative ratio, whereas the synergistic index of
apoptosis (compared to the untreated control group, the
resultant value was increased) was obtained by dividing the
observed relative ratio by the expected relative ratio. The
www.wjgnet.com

synergistic indexes of tumor volume, MVD, cell apoptosis
and proliferation are further detailed in Table 1. An index
of greater than 1 indicates a synergistic effect, whereas an
index of less than 1 indicates a less than additive effect.
Statistical analysis
Results were presented as mean ± SD. All statistical
analyses were carried out using SPSS 12.0 for Windows
statistical software (SPSS Inc, USA). For comparison of
individual time points, ANOVA and an unpaired Student's
t were used. Survival curves were constructed according
to the Kaplan-Meier method. Statistical significance was
determined by the log-rank test. P < 0.05 was considered
statistically significant.

RESULTS
C+G
cFR
G
NS

80

Figure 2 Induction of auto-antibodies by cFR-1 vaccine alone or combination
therapy as assessed by Western blot analysis.

The effect of the combined therapy on tumor growth and
survival
In the first part, cFR-1 vaccine or low-dose gemcitabine
treatment resulted in the inhibition of tumor growth, to a
certain extent, compared with the untreated control group.
Remarkably, the combination therapy resulted in more
significant anti-tumor activity (Figure 1A). The relative
ratio of tumor volume in the combination group showed
a synergistic relationship about 31 d after tumor cell
transplantation in the tumor model (Table 1). In addition,
the survival of tumor-bearing mice had similar results to
that of tumor growth (Figure 1B).
Induction of anti-tumor autoimmunity by the combined
therapy
The possibility that the cFR-1 vaccine alone or the combination treatment induces production of anti-tumor autoimmunity in the mouse model was examined by using
Western blot analysis, ELISPOT assay and immunofluorescent staining.
In Western blot analysis, sera from these cFR-1-immunized
mice recognized a protein as indicated by the positive
staining of an about 40 kDa band (Figure 2A and C) that
was not stained by sera from the untreated control or lowdose gemcitabine treatment groups (Figure 2B and D).
The endothelial deposition of auto-antibodies was
found within tumor tissues from cFR-1-immunized mice,
as detected by immunofluorescent staining (Figure 3A
and 3B); however this deposition was not detected in the
non-immunized control groups. In addition, detectable
deposition of auto-antibodies was not found within the
major organs of immunized and non-immunized mice.
The number of APBCs, which were detected by
ELISPOT assay, was significantly elevated in the spleen
of mice immunized with cFR-1 vaccine, both in the
vaccine alone and in the combination treatment groups, as
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Figure 3 The deposition of auto-antibodies on the
endothelial cells by immunofluorescent staining
(A-B) and the numbers of APBCs in spleens of mice
by ELISPOT assay (C) in cFR-1 vaccine alone or
combination therapy.
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Figure 4 The combination therapy synergistic inhibition of angiogenesis (A) and proliferation (B), and induction apoptosis (C) at d 31 after tumor cell injection. 1Synergistic
relationship in the combination therapy (synergistic index > 1). aP < 0.05 vs untreated group.

compared with those in the non-immunized groups (Figure
3C). Figure 3C shows that the number of APBCs was
not different between the vaccine alone and combination
treatment groups, which suggested that the low-dose
gemcitabine scheme did not inhibit the immune response
to cFR-1 immunization.
Synergistic effects of the combined therapy on microvessel
density, apoptosis and cell proliferation
In this study, the combination treatment resulted in more
significant synergistic suppression of tumor growth
than treatment with the single agents individually. MVD
was determined in tumor tissue sections stained with
antibody reactive to CD31, cell apoptosis was evaluated
by TUNEL, and cell proliferation was assayed by the
presence of PCNA (Figure 4). About 31 d after tumor
cell transplantation, the synergistic indexes of tumor
volume, MVD, cell apoptosis and proliferation in the
combination therapy group were 1.71 vs 1.15 vs 1.11 and
1.04, respectively (Table 1).
Tolerability and side effects of the combined therapy
In this study, potential toxicity in gross measures was not
observed in either the combination or single agent groups.
The gross measures include such things as ruffling of fur
behavior, body weight and life span. It should be noted that
there was less feeding in mice treated with gemcitabine,
which was both minor and transient, compared to those that
did not receive chemotherapy. In addition, no pathologic
changes in liver, lung, kidney or heart tissue sections,

which were stained with hematoxylin and eosin (HE),
were observed by microscopic examination (Figure 5).
Furthermore, no detectable toxicity of bone marrow, kidney
or liver was found by complete blood count and enzyme
analyses (data not shown).

DISCUSSION
Angiogenesis is critical to the growth and metastasis of
a tumor. Due to the genetic stability and accessibility to
systemically delivered therapeutic agents, endothelial cells
that line tumor blood vessels are attractive targets for antitumor therapy[5]. Since FGFR-1 is an important molecule
for angiogenesis in solid tumors, as described previously,
it is conceivable that breaking immune tolerance against
FGFR-1-involved angiogenesis in solid tumors may be
used as a useful and new approach for cancer therapy with
active immunity. Some recent data have confirmed that
xenogeneic homologous molecules can induce a crossimmunity reaction against self-homologous molecules
that is responsible for anti-tumor activity[14,25,26]. Although
anti-angiogenic therapy has proven to be effective at
stopping tumor growth in many preclinical studies, it
remains uncertain whether it is tumoricidal. Many studies
have also concluded that this therapeutic limitation may
be overcome by using a combination of angiogenic
inhibitors with various chemotherapeutic drugs, such
as cisplatin, gemcitabine, oxaliplatin, etc[16-20]. Thus, the
strategy of combining anti-angiogenic biotherapy with
chemotherapeutic drugs shows potential and promise for
www.wjgnet.com
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Figure 5 HE staining of heart (A), liver (B), kidney (C) and lung (D) in recipient mice. No organic hemorrhage appeared in the combination therapy group and no differences
were found among of C + G (a), cFR (b), G (c), and NS groups (d).

anti-tumor therapy.
Both acquired drug resistance and considerable systemic
toxicities are major reasons for the limited advances made
in cancer chemotherapy and have resulted in the failure
of treatments. Gemcitabine is a new deoxycytidine analog
that has been widely applied in clinical anti-tumor therapy.
Many studies have also confirmed that the combination of
anti-angiogenic biotherapy with low-dose gemcitabine can
suppress tumor growth more effectively than conventional
chemotherapy or anti-angiogenic biotherapy alone, including
reversal of acquired drug resistance and minimization or
elimination of systemic toxicity[17,20]. The purpose of our
study was to evaluate the anti-tumor efficacy of cFR-1
protein vaccine combined with low-dose gemcitabine and
the potential toxicity of the treatments in a mice colorectal
cancer model.
Our present studies demonstrate that the combination
strategy resulted in more effective inhibition of tumor
growth, not only by induction of more effective antiangiogenesis, but also by promotion of apoptosis and
up-regulation of the suppression of cell proliferation in
tumor tissues as compared with either therapy alone or
with untreated groups, without obvious side-effects. The
mechanism responsible for the interaction between cFR-1
vaccine and low-dose gemcitabine therapy may involve a
synergistic anti-angiogenic effect and synergistic apoptosis
and proliferation of tumor cells. On the one hand, the
immunotherapy with cFR-1 vaccine could induce a
special anti-tumor immunity reaction through induction
of the production of auto-antibodies against FGFR-1,
which could block bFGF/FGFR-1 signal transduction
and further inhibit tumor growth by anti-angiogenesis.
On the other hand, low-dose gemcitabine therapy could
interfere with DNA synthesis and induce DNA breakage,
thus resulting in tumor cell apoptosis [20-22] . Without
acquisition of necessary oxygen and nutrients, there would
be an increase in tumor cell apoptosis coupled with less
www.wjgnet.com

proliferation and tumor angiogenesis. Moreover, the lowdose gemcitabine did not inhibit the host cross-immune
response, but it potentiated anti-tumor effects as was
demonstrated in the synergistic indexes of tumor volume,
MVD, apoptosis and proliferation, and the presence of
both antibodies and APBCs in the cFR-1-immunized
mice which indicate gemcitabine has an anti-tumor effect.
Therefore, the combination therapy strategy showed
effective and synergistic anti-tumor activity.
In conclusion, our findings demonstrated that the
combination therapy strategy of cFR-1 vaccine combined
with low-dose metronomic gemcitabine effectively and
synergistically suppressed tumor growth via inhibition of
tumor angiogenesis without systemic toxicity in mice.
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Abstract
AIM: To construct a hepatitis B virus (HBV)-based vector
with a reporter gene and to establish an HBV infection
system to evaluate the availability of the vector.
METHODS: T h e H B V- b a s e d ve c t o r s w i t h g r e e n
fluorescence protein (GFP) were packaged into the liver
of immunodeficient mice through transfer and helper
plasmid using hydrodynamic technology. Wild type HBV
(wt HBV) was provided by plasmid MC2009. Primary
human hepatocytes (PHH) were isolated and infected
with recombinant HBV (rHBV) or wt HBV. GFP expression
was monitored by confocal and flow cytometry. HBV DNA
and HBV surface antigen (HBSAg) were analyzed by PCR
and ELISA.
RESULTS: 3 × 107 wt HBV copies/mL and 5 × 106 rHBV
copies/mL were collected from mice serum. In the wt
7
HBV infected group, HBV progeny was 2 × 10 copies/mL
and HBSAg was 770 ng/mL. In the rHBV infected group,
GFP fluorescence was detected on d 3 post-infection
and over 85% of the parenchymal cells expressed green
fluorescence on d 12 post-infection. Compared with wt
HBV in the PHH infection system, no rHBV DNA or HBSAg
were detected in PHH culture media.
CONCLUSION: An effective HBV based vector was
developed, which proved to be a useful HBV infection
system. This vector and infection system can be applied
to develop a therapeutic vector and study the HBV life
cycle and viral pathogenesis.
© 2007 The WJG Press. All rights reserved.

Key words: Hepatitis B virus; Primary human hepatocyte;
www.wjgnet.com

Transfer plasmid; Helper plasmid; Infection system
Li SH, Huang WG, Huang B, Chen XG. High expression of
hepatitis B virus based vector with reporter gene in hepatitis
B virus infection system. World J Gastroenterol 2007;
13(17): 2490-2495

http://www.wjgnet.com/1007-9327/13/2490.asp

INTRODUCTION
The hepatitis B vir us (HBV) belongs to the family
Hepadnaviridae and is the smallest DNA virus known[1].
The HBV genome consists of a partially double-stranded,
relaxed circular DNA, which has a compact organization.
It employs widely overlapping open reading frames and
regulatory sequences[2].
Despite the availability of a safe and efficient HBV
vaccine, HBV is still a major cause of infectious liver
disease throughout the world. While the majority of
acutely infected adults recover from this disease, chronic
HBV infections remains a major public health problem,
affecting more than 350 million people worldwide [3].
Systemic administration of interferon has been the best
available therapy for chronic HBV infections for the past
2 decades; however, a sustained response is achieved in
only one-third of affected patients[4]. Currently, nucleoside
analogues, such as lamivudine and adefovir, are new
treatment options that result in a rapid decrease in serum
HBV DNA, as well as an improvement of liver histology.
Unfortunately, these agents are associated with a rapid rate
of relapse and selection of resistant viral variants[5,6].
As such, novel therapeutic alternatives are continually
being explored. One of the more attractive therapeutic
approaches involves the development of methods that
permit the selective delivery of genes into parenchymal
cells of the liver. While hydrodynamic injection can
result in a high level of transgene expression in the
liver, the combined effect of a large injection volume
and high injection speed can result in irregular hearty
function[7]. Further, few of the established viral vectors can
specifically target hepatocytes[8]. Because HBV is capable
of specifically targeting hepatocytes after inoculation
into the bloodstream and efficiently infects quiescent
hepatocytes, human HBV as liver-directed gene transfer
has been pursued for more than one decade. Recently, the
ability of recombinant HBV (rHBV) and duck HBV to
serve as vectors for a hepatocyte-specific gene transfer has
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been demonstrated[9,10].
An appropriate and effective in vitro infection system
that permits evaluation of antiviral drugs and the study
of the kinetics of the hepadenaviral infection, such as
replication and viral resistance, is very important yet
unavailable to date. This stems from the inability to
grow HBV in culture and the absence of a convenient
and reliable in vitro system to efficiently study different
mutations in the various stages of HBV replication and
their influence on viral pathogenesis.
Hepadnaviruses infect only the well-differentiated
primar y hepatocytes of their specific hosts in cell
culture [11] . Several cell modes based on HBV-related
hepadnaviruses, such as Pekin duck and Tupaia primary
hepatocytes, are presently available to assess antiviral drugs,
and to provide information about factors involved in the
establishment of HBV infection. Duck HBV (DHBV) is a
well characterized model system of hepadnaviral infection,
and cultures of primary duck hepatocytes (PDHs) can
be readily established and efficiently infected[12]. There
are, however, significant differences between duck and
human hepatitis viruses. Most importantly perhaps is the
fact that, human HBV envelope polypeptides, the likely
mediators of entry, are N-glycosylated, whereas DHBV
envelope polypeptides are not. Thus, the degree to which
information from DHBV applies to human HBV infection
may be limited[13].
Primary tupaia hepatocytes are susceptible to infection
with serum-derived HBV. The HBV infection of primary
tupaia hepatocytes develops slowly, and the virus life cycle is
not the same as HBV in human hepatocytes[14,15]. Hepatoma
cell lines such as Huh7 and HepG2.2.15, and the HepaRG
cell line are known to be non-susceptible to HBV infection
but permit viral replication after artificial import of the
viral genome (e.g. transfection of cloned HBV DNA)[16-18].
Drawbacks to these transient transfections, inefficient
transfection and thereby produce low virus yields that
unavoidably vary from experiment to experiment, since only
a fraction of the cells are transfected. This leaves a high
background of non-producer cells, and virus expression
ceases within a few days[19]. Although they are difficult to
maintain in culture and become non-permissive for HBV
very quickly after plating, primary human hepatocytes (PHH)
are susceptible to infection with HBV[20].
In light of the above-described challenges and
clinical importance of studying HBV, the purpose of
this study was to establish an effective HBV infection
system including standard virus origin, and to construct
the HBV based vector with a reporter gene capable of
targeting hepatocytes naturally with high expression
without expressing viral DNA and protein. Ultimately,
this study will lay the foundation for the construction of
a therapeutic HBV vector and will permit the intensive
investigation of the HBV life cycle and viral pathogenesis.

MATERIALS AND METHODS
Animals
NOD/SCID mice were purchased from the Animal
center of Sun Yat-Sen University (GuangZhou, China).
All animals were maintained under specific pathogen-free
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conditions on alternating 12 h light/dark cycles. Food and
water were available ad libitum.
Isolation and culture of primary human hepatocytes (PHH)
PHH were isolated from fresh surgical specimens of
patients undergoing partial hepatectomy, with the informed
consent of each patient and the local ethics committee.
In all cases, patients were negative for HBV, hepatitis C
virus serologic markers and specific HBV-DNA sequences
(determined by PCR). Healthy human liver tissue samples
(3 cm × 3 cm × 2 cm) were placed on ice in Dulbecco's
modified Eagle's medium (DMEM) solution with 1%
Gentamycin (Sigma). Immediately after collection, the
liver tissue was treated by a two-step collagenase perfusion
procedure [21]. Briefly, perfusion was initiated with the
preperfusion solution of D-Hanks balanced salt solution
(Sigma) containing 0.5 mmol/L ethylene-glycoltetraacetic
acid (EGTA, Sigma) and 50 mmol/L HEPES heated to
37℃ for 15 to 25 min at a flow rate of 20-40 mL/min,
then, continued with perfusion solution of F12 mediumDMEM (Invitrogen) containing 0.05% collagenase type Ⅳ
(Gibco) and 5 mmol/L CaCl2 for 15-25 min at a flow rate
of 25-50 mL/min. After gentle mechanical dissociation,
the PHH were washed and separated by three successive
centrifugations at 50 × g, for 5 min each. The PHH were
subsequently resuspended in DMEM medium and viability
was assessed by trypan blue exclusion. After isolation,
1.0 × 10 5 viable cells/cm 2 were seeded onto collagencoated culture plates (collagen type I, sigma) in medium
containing 8% fetal calf serum (FCS) and maintained at
37℃ with 5% CO2. Cell culture media were supplemented
with L-glutamine (5 mmol/L), HEPES (23 mmol/L,
pH 7.4), gentamycin (50 mg/mL), penicillin (50 IU/mL,
sigma), streptomycin (50 mg/mL, sigma), hydrocortisone
(4.8 mg/mL, sigma) and insulin (1 mg/mL, sigma). Culture
medium was changed at 3 h, then 12 to 16 h after seeding.
Medium was changed every 24 to 48 h thereafter, but
without the addition of serum[20].
Plasmid constructs
The DNA vector MC2009 contains 2 tandem copies of
the HBV genome by head to tail connection (Figure 1B),
This vector will produce wild-type (wt) HBV virus capable
of infection after injection into mouse liver, or delivered
to cultures of human hepatocytes. This vector can be used
to generate serum with a high titer of HBV to serve as a
standard for this project.
The DNA vector MC2018, the helper plasmid (Figure
1C), is capable of expressing all HBV proteins, including
the large, middle, and small envelope proteins, the core
protein, and the polymerase. The DNA sequence is the
same as that in MC2009, except that it contains only
one copy of the HBV genome with a deletion of the
encapsidation signal e and direct repeats necessary for
reverse transcription and be derived by an ubiquitin
promoter (UB). Thus, the DNA vector MC2018 can only
provide HBV proteins needed for packaging in trans, but
is not able to generate a complete HBV virus[22].
DNA vector MC2013, the transfer plasmid (Figure 1D),
was obtained by replacing a DNA fragment containing
the small envelope gene (HBV position 1446 to 2347)
www.wjgnet.com
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injection, and stored until use.
Infection of PHH with HBV and rHBV
On d 2 post-seeding, PHH cultures were incubated with
wt HBV or rHBV. After infecting cultures overnight, the
PHH cells were washed three times, every third day, and
the culture medium was exchanged and collected for virus
product analysis to test the HBV infection of PHH in
vitro, To detect the susceptibility of PHH to HBV, PHH
cultures were treated on d 12 post-seeding (using the same
method).
Detection of transgene expression
GFP expression in PHH incubated with rHBV or wt HBV
were detected by confocal microscopy (Leica, Germany)
using a standard fluorescein isothiocyanate (FITC) filter
set with excitation by blue light (488 nm) on d 3, 6 and 12
post-infection.
Evaluation of the efficiency of transgene expression
To determine the efficiency of transgene delivery, PHH
cultures were analyzed by flow cytometry (BD FACSAriaTM
US) on d 12 after seeding. Liver parenchymal cells with
transgene expression were identified by GFP, Liver
sinusoidal endothelial cells were identified by acetylated
low-density lipoprotein (Alexa Fluor ® 594 AcLDL,
Invitrogen), and kupffer cells were identified by Dextran
conjugates (Carboxy-Q-Rhodamine, Invitrogen).

with a PCR fragment encoding a fluorescence-enhanced
green fluorescence protein (eGFP)[9]. The DNA fragment
encompassing the HBV preS2/S promoter was substituted
by a PCR fragment encoding a ubiquitin promoter to
drive transgene expression[23]. A cytomegalovirus (CMV)
promoter was introduced to drive the expression of
UB, eGFP reporter expression cassette with the HBV
encapsidation signal and premature stop codons were
introduced into all remaining HBV open reading frames[10].

Analysis of viral DNA and proteins
HBV DNA in the culture medium was quantified using a
quantitative PCR assay (HBV-DNA detection kit, Da'an
company, China) according to the manufacturer's instructions. HBsAg in the supernatant of wt HBV-infected
or rHBV-infected PHH was determined using an ELISA
kit and the AxSYM system (Abbott Diagnostics, Chicago,
USA) according to the manufacturer's instructions.

Generation of HBV virions
Five μg of plasmid MC2009 was dissolved in a volume
of saline equivalent to 8% of the body mass of the target
mouse (i.e. 1.6 mL for a 20 g mouse) to obtain a working
solution. It was then injected into the tail vein of 6- to
9-wk-old NOD/SCID mice within 5-8 s [24]. After 1 d,
blood (and ultimately serum) was collected from the
mice by cutting the mouse tail. The HBV DNA copies in
the mouse serum were determined by quantitative PCR
assay, Mouse serum containing wild-type HBV virus was
maintained at -20℃ until use.

RESULTS

Preparation of recombinant HBV virions
Five μ g of plasmids MC2013 and MC2018 (each) was
combined and diluted with saline to a volume equivalent
to 8% of the body mass of the mouse. This was then
injected into the tail vein of 6- to 9-wk-old NOD/SCID
mice within 5-8 s[24], The number of recombinant HBV
(rHBV) DNA copes was determined by quantitative PCR.
The rHBV was then purified from the mouse blood and
measured by a quantitative PCR assay on d 3 to 6 after
www.wjgnet.com

Isolation and culture of PHH
PHH were isolated from fresh surgical specimens of liver
tissue. Mean cell yield was 5 × 105 cells/g liver tissue with
80% mean viability. Morphology of typical PHH cultures
on d 30 post-seeding is shown in Figure 2A. PHH growth
was inhibited following the addition of DMSO, but
continued to grow when the DMSO was withdraw (data
not shown).
Production of Recombinant HBV and Wild type HBV
MC2009 DNA vector was delivered to NOD/SCID mice
using the hydrodynamic technique. On d 1 through 3
post-injection, no HBV DNA could be detected, whereas
after d 3 post-injection, HBV DNA levels were 3 × 107
copies/mL.
MC2018 and MC2013 were co-injected into NOD/
SCID mouse liver using hydrodynamic technology. It
was subsequently determined that rHBV DNA could be
detected only on d 3 to d 6 post-injection. The average
amount of rHBV DNA detected was 5 × 106 copies/mL.
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Figure 2 Transduction of primary human hepatocytes (PHH) by the HBV-based
vector. PHH were infected with rHBV-GFP, a recombinant HBV that carries a GFP
gene under control of the UB promoter (described previously in Figure 1). A: Cell
morphology of PHH on d 30; B: GFP expression on d 3 post-infection; C: GFP
expression on d 6 post-infection; D: on d 12 post-infection; E: Transduction of PHH
demonstrated by an overlay of the fluorescence; F: Phase contrast of the same
field.

Gene transfer in PHH by rHBV vector
Infectivity of the rHBV particles was demonstrated by
incubating primary human hepatocytes with rHBV at a
multiplicity of infection (moi) of 10 copies/cell for 24 h
on d 2 after plating. GFP fluorescence was clearly detected
on d 3 post-infection (Figure 2B), and cells expressing
GFP reached its maximum on d 12 post-infection (Figure
2D). This finding indicates that the HBV-based vector that
was generated can target liver cells and deliver the genetic
information in a 'natural' way.
The efficiency of transgene expression
In PHH cultures, 75.2% of the cells were GFP positive
(Figure 3B), 2% of the cells were identified as Kupffer
cells (Figure 3C), and 10.4% of the cells were liver
sinusoidal endothelial cells (Figure 3D). In addition,
cultures contained small amounts of red cells and debris.
Thus, nonparenchymal liver cells, which cannot be infected
by HBV, accounted for only 12.4% of the total number
of cells up to d 12 after seeding. Of the 75.2% GFPexpressing cells, over 85% of parenchymal liver cells were
infected by the rHBV, and stable GFP expression was
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Figure 3 PHH were detected by FACS. The purity of PHH cultures was analyzed
by identification of nonparenchymal and parenchymal liver cells on d 6 after
seeding. A: Control; B: FACS analysis of parenchymal liver cells with GFP; C:
FACS analysis of kupffer cells with Dextran conjugates; D: FACS analysis of liver
sinusoidal endothelial cells (LSEC) with acetylated low-density lipoprotein. The
population consisted of 10.4% AcLDL positive cells, 2% Carboxy-Q-Rhodamine
positive cells and 75.2% GFP positive cells, meaning that total parenchymal cells
is about 87.6%, approximately 85% of it were infected by HBV based vector with
GFP.

observed for up to 4 wk. These results strongly suggest
that the HBV-based vector has high infectivity to PHH
and a high efficiency of transgene expression.
Analysis the kinetics of HBV or rHBV infection in PHH
PHH cultures were incubated with mouse ser um
containing wt HBV or rHBV at a moi of 10 copies/cell on
d 2 after plating. The cell culture media was collected every
3 d post-infection. In the wt HBV infected group, wt HBV
DNA copies were 1 × 103 to 2 × 107 copies/mL (Figure
4A) and HBV surface antigen (HBSAg) was 175 to 770
ng/mL (Figure 4B). In contrast, rHBV DNA copies were
1 × 101 to 0 (Figure 4A) and HBSAg was undetectable at
all times (Figure 4B). Collectively, these results suggest that
the PHH system can be infected by wt HBV (with a time
constraint), and that the rHBV vector cannot express HBV
products in PHH.

DISCUSSION
Although PHH are difficult to maintain in culture for
HBV infection, PHH are undoubtedly the ideal tool for
studying HBV infection and hepatotropic vectors. In the
present report, it was demonstrated that: (1) PHH cultures,
maintained under optimized PHH culture conditions, can
serve as a useful infection system for HBV in vitro; (2)
HBV from MC2009 are useful for HBV infection studies;
and (3) the constructed HBV-based vectors described
herein is highly efficient and safe.
The fundamental prerequisites for the viral life-cycle
include the ability to replicate the genome, and to produce
infectious progeny virions. At present, the major limitation
in studying HBV entry is the lack of an in vitro infection
www.wjgnet.com
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Figure 4 The efficiency of PHH infected with wt HBV or rHBV. PHH were infected
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that all viral gene were knocked out.

system capable of supporting the entire life cycle of
HBV. Several systems derived from hepatoma cells have
previously been used to study HBV infections in vitro[16-18].
Unfortunately, none of the described systems have proven
ideal. HPP cultures derived from liver explants have shown
to be susceptible to HBV infection, but infection occurs
in only 10% to 20% of the cells [25]. Further, infection
of PHH cultures is only for a limited amount of time
following explantation[11,13].
In this study, PHH were isolated from small pieces of
healthy liver tissue from patients and maintained under
optimized culture conditions. The PHH cultures survived
up to 10 wk. wt HBV DNA reached the level of 2 × 107
copies/mL, and HBSAg reached 770 ng/mL in PHH
cultures infected with wt HBV. Over 85% of parenchymal
liver cells were infected by rHBV. In previous PHH
systems and some hepatoma cell systems[18,20], high dose
DMSO (1.5%-2%) was used to enhance HBV infection
in vitro. In the present study, it was found that growth
of PHH cultures was seriously inhibited with addition
of DMSO, but continued to grow once the DMSO was
withdrawn. In addition, cell survival in the culture was
reduced by the addition of complement inactivated serum.
In our PHH system, cells lost their susceptibility to HBV
on d 12 after seeding. This suggests that the PHH system
has a time constraint and is consistent with prior reports[11].
In previously described HBV infection systems[22,26],
HBV virion was primarily prepared from the serum of
www.wjgnet.com
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chronic HBV patients, because this serum always carried
variant virus, HBV proteins and cccDNA[27]. Since these
products could falsify study results, the serum of chronic
HBV patients was unsuitable for research on the HBV life
cycle. The construct MC2009 could solve this problem by
providing standard wild type HBV without accessory viral
products.
The goal of this study was to generate hepatocytespecific viral vectors, which only expressed the transgene
at a high level of expression. In addition, we wished to
completely eliminate HBV viral gene expression, and to
insert foreign promoter and functional transgenes of
at least 800 base pairs. In the transfer plasmid MC2013,
all viral genes were knocked out and endogenous HBV
preS2/S promoter was substituted by a UB promoter to
drive reporter gene eGFP expression. The expression of
UB. eGFP reporter expression cassette with the HBV
encapsidation signal was driven by a CMV promoter.
This helper plasmid can provide HBV proteins needed
for packaging in trans so that the mRNA is packed into a
recombinant HBV virion.
In PHH incubated with this rHBV virion, nearly
85% of parenchyma cells expressed GFP on d 12 postinfection. The data from this study demonstrated that the
HBV based vector can specifically infect liver cells, and
provides direct evidence that gene transfer into PHH by a
HBV vector is possible. The data presented here go much
beyond earlier studies reporting the efficacy of transgene
expression: the use of the UB promoter leads to higher
GFP expression than the original preS2/S-and CMVpromoters[9,10]. In the vector created in this study, a greater
than 800 bp eGFP gene was inserted, This gene can
potentially be replaced with useful effector genes coding,
for example, specific antisense-RNAs or RNAi, or a large
number of immunomodulatory cytokines. This may result
in novel means of treating HBV infections in the future.
Given the high expression efficacy and larger inserts, this
study lays the foundation for construction of a therapeutic
HBV vector.
If rHBV is to be used as a gene transfer vector, the
presence of wt HBV by homologous recombination is
a major safety issue. In the HBV system created here,
safety did not appear to be of concern: no HBSAg was
detected, only 1 × 101 HBV DNA were detected on d 3
post-infection, and no HBV DNA was detected on or
after d 6 post-infection. The identification of 1 × 101
HBV DNA on d 3 post-infection might simply be residual
from the sample that was added. In the HBV system,
homologous recombination was possible either between
transfer and helper plasmids or in between the redundant
HBV sequences of the helper plasmid[10,22]. To avoid this,
all viral ORFs were knocked out in the transfer, and the
terminal redundant sequences were deleted to minimize
the possibility of transfer-helper recombination and to
abolish helper-helper recombination.
Despite the fact that the early steps of HBV infection
determine the virus-related pathogenesis, the molecular
basis of the steps remains poorly understood. Infection
begins with cell attachment, followed by entry and delivery
of the viral genetic information to the host cell's nucleus[13].
In the absence of ideal cell and/or animal models for
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studying HBV infection, data concerning the early, postattachment steps in hepadnaviral entry are largely based
on studies performed with DHBV in primary duck liver
hepatocytes[28]. In the infection system developed by this
research group, PHH can be infected naturally by HBV,
and the HBV-based vector with reporter gene GFP can
also easily enter the cell. As a result, this infection system
may provide a novel means of elucidating the molecular
basis of hepadnavirus infection.
In conclusion, we have established an HBV infection
system using PHH cultures, and constructed a HBVbased vector with reporter gene. This HBV-based vector
and HBV infection system may lay the foundation for
developing a therapeutic vector and an effective tool for
studying HBV life cycle and viral pathogenesis.

ACKNOWLEDGMENTS
We are grateful to Professor Zhi-Yin Chen (Departments
of Pediatrics and Genetics, Stanford University School
of Medicine, Stanford, California, USA) for his excellent
technical support. We would also like to thank Bao-Hua
Hou and Xuan Huang for their co-operation in obtaining
human liver tissue samples.

2495
13
14

15

16

17

18

19

20

REFERENCES
1
2
3
4
5
6

7
8
9

10
11

12

Tiollais P, Pourcel C, Dejean A. The hepatitis B virus. Nature
1985; 317: 489-495
Büscher M, Reiser W, Will H, Schaller H. Transcripts and
the putative RNA pregenome of duck hepatitis B virus:
implications for reverse transcription. Cell 1985; 40: 717-724
Lok AS. Chronic hepatitis B. N Engl J Med 2002; 346: 1682-1683
Tillmann HL. Antiviral therapy and resistance with hepatitis
B virus infection. World J Gastroenterol 2007; 13: 125-140
Marcellin P. Advances in therapy for chronic hepatitis B.
Semin Liver Dis 2002; 22 Suppl 1: 33-36
Schildgen O, Sirma H, Funk A, Olotu C, Wend UC, Hartmann
H, Helm M, Rockstroh JK, Willems WR, Will H, Gerlich
WH. Variant of hepatitis B virus with primary resistance to
adefovir. N Engl J Med 2006; 354: 1807-1812
Zhang G, Gao X, Song YK, Vollmer R, Stolz DB, Gasiorowski
JZ, Dean DA, Liu D. Hydroporation as the mechanism of
hydrodynamic delivery. Gene Ther 2004; 11: 675-682
Nash KL, Jamil B, Maguire AJ, Alexander GJ, Lever AM.
Hepatocyte-specific gene expression from integrated lentiviral
vectors. J Gene Med 2004; 6: 974-983
Protzer U, Nassal M, Chiang PW, Kirschfink M, Schaller H.
Interferon gene transfer by a hepatitis B virus vector efficiently
suppresses wild-type virus infection. Proc Natl Acad Sci USA
1999; 96: 10818-10823
Untergasser A, Protzer U. Hepatitis B virus-based vectors
allow the elimination of viral gene expression and the insertion
of foreign promoters. Hum Gene Ther 2004; 15: 203-210
Gripon P, Diot C, Guguen-Guillouzo C. Reproducible high
level infection of cultured adult human hepatocytes by
hepatitis B virus: effect of polyethylene glycol on adsorption
and penetration. Virology 1993; 192: 534-540
Tuttleman JS, Pugh JC, Summers JW. In vitro experimental
infection of primary duck hepatocyte cultures with duck
hepatitis B virus. J Virol 1986; 58: 17-25

21

22

23

24

25
26

27

28

Lu X, Block T. Study of the early steps of the Hepatitis B Virus
life cycle. Int J Med Sci 2004; 1: 21-33
Luscombe C, Pedersen J, Uren E, Locarnini S. Long-term
ganciclovir chemotherapy for congenital duck hepatitis B
virus infection in vivo: effect on intrahepatic-viral DNA, RNA,
and protein expression. Hepatology 1996; 24: 766-773
Köck J, Baumert TF, Delaney WE, Blum HE, von Weizsäcker F.
Inhibitory effect of adefovir and lamivudine on the initiation
of hepatitis B virus infection in primary tupaia hepatocytes.
Hepatology 2003; 38: 1410-1418
Rabe B, Glebe D, Kann M. Lipid-mediated introduction of
hepatitis B virus capsids into nonsusceptible cells allows
highly efficient replication and facilitates the study of early
infection events. J Virol 2006; 80: 5465-5473
Guo Y, Guo H, Zhang L, Xie H, Zhao X, Wang F, Li Z, Wang
Y, Ma S, Tao J, Wang W, Zhou Y, Yang W, Cheng J. Genomic
analysis of anti-hepatitis B virus (HBV) activity by small
interfering RNA and lamivudine in stable HBV-producing
cells. J Virol 2005; 79: 14392-14403
Gripon P, Rumin S, Urban S, Le Seyec J, Glaise D, Cannie I,
Guyomard C, Lucas J, Trepo C, Guguen-Guillouzo C. Infection
of a human hepatoma cell line by hepatitis B virus. Proc Natl
Acad Sci USA 2002; 99: 15655-15660
Nassal M, Dallmeier K, Schultz U, Sun D. Phenotyping
hepatitis B virus variants: from transfection towards a small
animal in vivo infection model. J Clin Virol 2005; 34 Suppl 1:
S89-S95
Schulze-Bergkamen H, Untergasser A, Dax A, Vogel H,
Büchler P, Klar E, Lehnert T, Friess H, Büchler MW, Kirschfink
M, Stremmel W, Krammer PH, Müller M, Protzer U. Primary
human hepatocytes--a valuable tool for investigation of
apoptosis and hepatitis B virus infection. J Hepatol 2003; 38:
736-744
Mahieu-Caputo D, Allain JE, Branger J, Coulomb A, Delgado
JP, Andreoletti M, Mainot S, Frydman R, Leboulch P, Di Santo
JP, Capron F, Weber A. Repopulation of athymic mouse liver
by cryopreserved early human fetal hepatoblasts. Hum Gene
Ther 2004; 15: 1219-1228
Klöcker U, Oberwinkler H, Kürschner T, Protzer U. Presence
of replicating virus in recombinant hepadnavirus stocks
results from recombination and can be eliminated by the use
of a packaging cell line. J Virol 2003; 77: 2873-2881
Udagawa T, Puder M, Wood M, Schaefer BC, D'Amato RJ.
Analysis of tumor-associated stromal cells using SCID GFP
transgenic mice: contribution of local and bone marrowderived host cells. FASEB J 2006; 20: 95-102
Tada M, Hatano E, Taura K, Nitta T, Koizumi N, Ikai I,
Shimahara Y. High volume hydrodynamic injection of
plasmid DNA via the hepatic artery results in a high level of
gene expression in rat hepatocellular carcinoma induced by
diethylnitrosamine. J Gene Med 2006; 8: 1018-1026
Walter E, Keist R, Niederöst B, Pult I, Blum HE. Hepatitis
B virus infection of tupaia hepatocytes in vitro and in vivo.
Hepatology 1996; 24: 1-5
Glebe D, Aliakbari M, Krass P, Knoop EV, Valerius KP,
Gerlich WH. Pre-s1 antigen-dependent infection of Tupaia
hepatocyte cultures with human hepatitis B virus. J Virol 2003;
77: 9511-9521
Wong DK, Yuen MF, Yuan H, Sum SS, Hui CK, Hall J, Lai
CL. Quantitation of covalently closed circular hepatitis B
virus DNA in chronic hepatitis B patients. Hepatology 2004; 40:
727-737
Stoeckl L, Funk A, Kopitzki A, Brandenburg B, Oess S, Will H,
Sirma H, Hildt E. Identification of a structural motif crucial for
infectivity of hepatitis B viruses. Proc Natl Acad Sci USA 2006;
103: 6730-6734
S- Editor Liu Y L- Editor Alpini GD

E- Editor Che YB

www.wjgnet.com

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

World J Gastroenterol 2007 May 7; 13(17): 2496-2503
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

BASIC RESEARCH

Relationship of quantitative structure and pharmacokinetics
in fluoroquinolone antibacterials
Die Cheng, Wei-Ren Xu, Chang-Xiao Liu
Die Cheng, Department of Pharmaceutical Engineering, School
of Chemical Engineering and Technology, Tianjin University,
Tianjin 300072, China
Die Cheng, Wei-Ren Xu, Chang-Xiao Liu, National Key
Laboratory of Pharmacokinetics and Pharmacodynamics, Tianjin
Institute of Pharmaceutical Research, Tianjin 300193, China
Supported by the National Basic Research Program of China,
No. 2004BC518902
Correspondence to: Chang-Xiao Liu, National Key Laboratory
of Pharmacokinetics and Pharmacodynamics, Tianjin Institute
of Pharmaceutical Research, 308 An-Shan West Road, Tianjin
300193, China. liuchangxiao@163.com
Telephone: +86-22-23006863 Fax: +86-22-23006863
Received: 2007-01-10
Accepted: 2007-03-23

Abstract
AIM: To study the relationship between quantitative
structure and pharmacokinetics (QSPkR) of fluoroquinolone
antibacterials.
METHODS: The pharmacokinetic (PK) parameters of
oral fluoroquinolones were collected from the literature. These pharmacokinetic data were averaged, 19
compounds were used as the training set, and 3 served
as the test set. Genetic function approximation (GFA)
2
module of Cerius software was used in QSPkR analysis.
RESULTS: A small volume and large polarizability and
surface area of substituents at C-7 contribute to a large
area under the curve (AUC) for fluoroquinolones. Large
polarizability and small volume of substituents at N-1
contribute to a long half life elimination.
CONCLUSION: QSPkR models can contribute to
some fluoroquinolones antibacterials with excellent
pharmacokinetic properties.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
H pylori is generally considered to be the most important
cause of peptic ulcer diseases, gastric adenocarcinoma and
mucosa-associated lymphoid tissue (MALT) lymphoma
of the stomach[1]. The widespread use of antibacterial
therapy is suggested to be the cause for the decline in the
prevalence of H pylori infection[2]. Among the different types
of antibacterial agents, the effects of fluoroquinolones are
better and have attracted much attention. Unfortunately,
complete eradication of H pylori is still in the initial stage,
especially in South East Asia and Southern Europe, where
resistance to antibiotics has become more prevalent[3]. It is
therefore important to search for better antibacterial agents
against resistant H pylori strains[4].
Successful drugs must have suitable properties in
toxicity, bioavailability and pharmacokinetic parameters.
Screening of a large number of compounds with excellent
absorption, distribution, metabolism, and excretion
(ADME) properties is time-consuming and expensive[5].
So the extension of the idea of quantitative structureactivity relationship to the pharmacokinetics has led to the
emergence of a new tool called the quantitative structure
pharmacokinetic relationship (QSPkR) studies. QSPkR
studies can be utilized at early stages of drug design.
Both one- and two-dimensional topological indices have
been used extensively to numerically relate molecular
structure with activity[6]. These descriptors rely only on the
molecular graph for their calculation. In contrast, threedimensional descriptors require the absolute conformation
of a molecule, and have been successfully used to develop
QSPkR analysis[7].
The QSPkR models integrated properties of chemical structures (e.g. LogP) and their pharmacokinetic
parameters (total clearance, distribution volume, etc.) of
fluoroquinolones have been reported[8]. But these existing
models cannot demonstrate the influence of the substituents
to pharmacokinetic parameters. That is to say, these models
can only predict pharmacokinetic parameters of the existing
chemicals.
After examining the structures of all marketed fluoroquinolones, we found that their diversities in structures
were mainly within R1 and R7 (Figure 1). Considering the
connections between the groups (R1 and R7) and matrix
were single bonds, the conjugations between groups
and matrix were limited, and the groups had relatively
independent properties. To simplify the design for high
efficiency in practice, the properties of fragments were
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applied as the descriptors of calculation. In this study,
a two-step process was used to develop QSPkR models
clinically using fluoroquinolone antibacterials. The first
step was to calculate properties related to chemical
structures and their conformation, especially constituent
structures. These properties include 2D descriptors
representing physical properties (logP), 3D descriptors
(volume), and quantum chemical parameters (polarizability).
After calculating these properties, the QSPkR models
were developed by multivariate linear regression based on
genetic algorithms.
Using these QSPkR models, we can illustrate how the
changes at N-1 and C-7 of the fluoroquinolones affect
their pharmacokinetic parameters. Hopefully, these QSPkR
models can contribute to some fluoroquinolones with
excellent pharmacokinetic properties.

MATERIALS AND METHODS
Molecules
All 22 compounds used in this study are analogues of
the fluoroquinolone antibacterials which are widely
used clinically except DW116 (No.5). The matrix of
the compounds is shown in Figure 1, and their detailed
substituents are listed in Figure 2.
Pharmacokinetic data
The PK parameters of these fluoroquinolones were
collected from literature[9-68]. Data were taken from the
studies of oral fluoroquinolones. These pharmacokinetic
data were averaged after AUC and Cmax data were
normalized by 100 mg of drugs (Table 1). t1/2 in this paper
is elimination half life, it is also known as t1/2(β). Nineteen
compounds were used as the training set, and the others
served as test set.
Molecular descriptors
The 3D structure of each compound was constructed
by HyperChem 7.0 (Hypercube Inc., USA) and then
optimized with MM+ force field. All molecules were
aligned by minimizing the rms distance of their matrix
by SYBYL 7.0 (Tripos Inc., 2004). The alignment of
molecules is displayed in Figure 3. The descriptors were
calculated for substituents R1 and R7 by HyperChem 7.0.
The definitions of all descriptors are shown in Table 2.
QSPkR calculation
The logarithmic values of the PK parameters were used as
the dependent variables. All the descriptors were scaled by
the mean values of data from the training set .
The models related to three dependent variables [ln(AUC),
ln(t1/2) and ln(Cmax)] and 14 independent variables were built
respectively according to the data of the training set. To
obtain a high quality of QSPkR models, genetic algorithms
(GA) and partial least squares analysis (PLS) were used in
calculation. The calculation was conducted with the QSAR
module of Cerius 2 (Accelrys Software Inc.) molecular
modeling software.
We selected three and four independent variables to
search their best models. QSPkR analysis based on GA
began with a population of random models. These models
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F
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O
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6

3

7
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8X

OH

2
N

1

R1

Figure 1 The matrix of all fluoroquinolone antibacterials.

were generated by randomly selecting three or four features
from the data file. Product of multiple linear regression
coefficient and leave-one-out cross-validation coefficient
was used as a fitness function to generate the fitness scores
of these models. For this data set 200 populations were
used, and the number of elite populations was 100. The
genetic operator was applied until the total fitness score of
the elite populations could not be improved over a period
of 30 crossover operations. The convergence criteria
was met after 430 operations for four features and 280
operations for three features.
The parameters like correlation coefficient (R), variance
ratio (F), lack of fit (LOF) scores and leave-one-out crossvalidation coefficient (S) were also computed for the
suitability of fitness.
The data of the left test set were then predicted by these
models.

RESULTS
Calculation of descriptors
The descriptors were calculated for substituents R1 and
R7 by HyperChem 7.0. And their values are displayed in
Tables 3 and 4.
Fitted models
T h e G A c a l c u l a t i o n g ave 1 0 0 m o d e l s f o r e a ch
pharmacokinetic parameter. The models with the best
fitness are listed in Table 5. Results showed that GA was
a powerful tool to find the best models. Maximum R2 of
models based on ln(Cmax) was only 0.327. Therefore,
these models might not be significant. That is to say these
14 descriptors were not correlated with Cmax.
All the predicted and observed data of ln(AUC) and
ln(t1/2) from the training set are displayed in Figure 4.

DISCUSSION
We normalized the data of all the descriptors before
model construction, making the coefficient of all the
descriptors comparable in the same model. In the model
based on AUC, coefficient of V7 was the largest and
negative, and that of HE7 was quite small, suggesting that
the substituents at position 7 are very significant to AUC,
and small volume, large polarizability and large surface area
substituents at C-7 are preferred, while hydration energy
has little influence on AUC.
In fact, compounds with relatively small volume and
large polarizability and surface area of substituents at C-7
www.wjgnet.com
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Figure 2 The substituents of fluoroquinolone antibacterials.

(Table 4) all had relatively large AUC (Table 1). Although
compounds 3, 4, 12 and 22 (Table 4) had substituents
at C-7 with very small volume, their AUCs were all
small(Table 1) because of extremely small polarizability
and surface area (Table 4), suggesting that coefficient of
V7 is not the definitive factor to affect AUC. Volume,
www.wjgnet.com

polarizability and surface area of R7 determined AUC, and
small volume, large polarizability and large surface area
of substituents at C-7 were of benefit to large AUC. It
is coincident with the results of coefficients in the AUCbased model.
In the t 1/2-based model, coefficient of V1 was the
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Table 1 Pharmacokinetic data of fluoroquinolones from human studies
PK parameters
Compounds
No.

Name

1

1

Range

Average

References

1

t 1/2 (h)

AUC0-∞ (μg·h/mL)

Cmax (mg/L)

Range

Average

Range

Average

Training set
1
2

Amifloxacin
Balofloxacin

5.5-5.62
8.55

5.57
8.55

3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Ciprofloxacin
Clinafloxacin
DW116
Enoxacin
Gatifloxacin
Gemifloxacin
Grepafloxacin
Levofloxacin
Lomefloxacin
Norfloxacin
Ofloxacin
Pefloxacin
Rufloxacin
Sitafloxacin
Sparfloxacin
Temafloxacin
Trovafloxacin

2.12-3.53
4.63-5.93
18.54-23.3
2.9-5.47
6.5-8.92
2.79-3.43
2.83-4.05
8.96-9.5
8.05-13.53
1.7-1.85
6.68-11.64
24.4-40.78
35.8-44.03
5.62-6.02
8.08-11.96
7.42-10.63
9.75-14.47

2.56
5.34
21.86
4.36
7.87
3.02
3.43
9.33
9.84
1.77
7.67
29.97
39.43
5.88
8.35
8.45
11.91

20
21
22

Difloxacin
Fleroxacin
Tosufloxacin

26.6-28.3
16.3-20.65
1.49-3.3

27.8
18.13
2.62

3.58-4.83
7.8
3.01-4.7
5.09-6.13
14.53-18.7
2.35-4.98
6.52-8.6
5.87-8.2
9.2-12.7
6-7.4
5.5-12.7
3.5-4.02
4.6-6.7
10.9-15.06
28.2-40
4.6-7
16.5-25.56
7.8-10.6
7.8-10.8
Test set
20.6-28.8
7.9-13
3.6-4.85

4.14
7.8

0.9-1.26
1.08

1.14
1.08

9, 10
11

4.16
5.74
15.82
3.54
7.46
6.65
11.53
6.78
7.73
3.7
5.32
14.63
34.25
5.4
20.06
8.55
9.66

0.4-0.69
0.6-0.84
1.1-1.22
0.62-0.81
0.84-1.03
0.46-0.73
0.24-0.41
0.16-0.3
0.95-1.18
0.32-0.36
0.71-1.33
1.03-1.68
0.68-1.13
0.9-0.93
0.23-0.4
0.61-0.9
0.97-1.5

0.56
0.72
1.17
0.66
0.9
0.56
0.32
0.24
1.06
0.33
0.87
1.44
0.99
0.92
0.34
0.74
1.23

12-15
16-18
19
20-22
23-26
27-29
11, 12, 30, 31
32-34
35-37
38-40
41-45
46-48
49-52
53-54
55-57
58-60
61-63

25.7
11.02
4.02

1.02-1.1
1.19-1.58
0.21-0.4

1.04
1.4
0.34

64
32, 65, 66
67-69

1

AUC0-∞ is area under the plasma concentration-time curve from time zero to infinity; t1/2 is elimination half life; Cmax is maximum concentration of the drug in plasma.

Table 2 Descriptors used in this paper
Descriptors

Physicochemical meaning

SA7
V7
HE7
LP7
RF7
P7
MW7
SA1
V1
HE1
LP1
RF1
P1
MW1

Surface area (grid) of R7
Volume of R7
Hydration energy of R7
Logp of R7
Refractivity of R7
Polarizability of R7
Molecular weight of R7
Surface area (grid) of R1
Volume of R1
Hydration energy of R1
Logp of R1
Refractivity of R1
Polarizability of R1
Molecular weight of R1

Figure 3 The alignment of fluoroquinolone molecules.

largest and negative, but that of P7 and HE7 was quite
small, suggesting that the substituents at position 1 are
significant to t1/2, large polarizability and small volume of
substituents at N-1 are therefore preferred.
In fact, compounds with relatively small volume and
large polarizability of substituents at N-1 (Table 4) all
had relatively large t1/2 (Table 1). Compounds 1, 6, 11 and
12 with very small volume of substituents at N-1(Table
4) had small t 1/2 (Table 1) because of extremely small
polarizability (Table 4), and compounds 18, 19 and 22
with extremely large polarizability of substituents at N-1
(Table 4) had relatively small t1/2 (Table 1) because of too

large volumes. Therefore, volume and polarizability of R1
determine t1/2 and small volume and large polarizability of
substituents are beneficial to large t1/2. It is coincident with
the coefficients in the t1/2-based model.
Predicted data for test set
The AUC and t1/2 data of test set (Table 6) were predicted by
models displayed in Table 5.
The ln(AUC) values predicted by the model correlated
well with the observed ln(AUC) values for the training data
set with correlation coefficient (R2) equal to 0.7369 (Figure
4A). In addition, application of the model to an external
test data set consisting of 3 compounds demonstrated
www.wjgnet.com
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Table 3 Descriptors for group R7 of all fluoroquinolones compounds
R7

No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

SA7

V7

HE7

LP7

RF7

P7

MW7

271.21
299.04
247.54
248.59
266.41
251.07
265.94
300
261.99
264.36
260.22
250.06
269.89
258.05
258.5
281.66
298.38
266.8
244.47
260.91
264
231.53

398.4
445.86
347.95
344.96
382.26
350.09
383.08
442.55
381
391.96
378.35
350.92
397.69
374.48
378.79
422.58
442.76
385.12
346.87
378.28
387.29
320.13

5.48
5.04
1.46
0.9
5.33
1.58
3.5
-2.21
3.58
5.45
3.68
1.37
5.39
5.68
5.73
3
5.55
3.43
4.31
5.31
5.61
2.75

-0.36
-0.15
-0.72
-1
-0.36
-0.72
-0.31
-0.28
-0.31
-0.36
-0.31
-0.72
-0.36
-0.36
-0.36
-0.4
0.11
-0.31
-1.24
-0.36
-0.36
-1

27.44
31.33
22.15
21.91
27.44
22.15
26.57
35.48
26.57
27.44
26.57
22.15
27.44
27.44
27.44
28.87
30.99
26.57
24.6
27.44
27.44
21.91

11.56
13.39
9.72
9.72
11.56
9.72
11.56
14.96
11.56
11.56
11.56
9.72
11.56
11.56
11.56
12.62
13.39
11.56
10.78
11.56
11.56
9.72

99.16
113.18
85.13
85.13
99.16
85.13
99.16
142.18
99.16
99.16
99.16
85.13
99.16
99.16
99.16
111.17
113.18
99.16
97.14
99.16
99.16
85.13

Table 4 Descriptors for group R1 of all fluoroquinolones compounds
R1

No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

SA1

V1

HE1

LP1

RF1

P1

162.65
184.12
183.13
181.83
232.61
171.57
192.14
180.91
185.87
209.76
173.79
172.99
213.93
172.31
187.74
194.84
193.09
246.11
246.34
239.88
168.2
248.12

191.65
230.99
229.07
225.71
320.17
206.82
241.82
225.56
233.6
274.58
211.56
213.28
278.93
210.04
241.74
249.45
243.16
343.09
343.09
334.78
205.76
343.14

-4.39
2.6
2.59
2.61
-3.57
0.73
2.56
2.61
2.57
0.58
0.71
0.7
0.71
0.72
-1.24
2.6
2.55
-3.4
-3.4
-2.47
0.8
-3.4

-0.41
1.13
1.13
1.13
1.43
1.32
1.13
1.13
1.13
2.4
1.32
1.32
2.4
1.32
0.8
0.82
1.13
2.14
2.14
2
0.92
2.14

6.5
10.1
10.1
10.1
24.71
7.29
10.1
10.1
10.1
13.05
7.29
7.29
13.05
7.29
15.93
9.92
10.1
26.43
26.43
26.21
7.37
26.43

3.64
5.41
5.41
5.41
9.18
4.35
5.41
5.41
5.41
6.37
4.35
4.35
6.37
4.35
7.69
5.32
5.41
9.8
9.8
9.89
4.26
9.8

that the model-predicted AUC values were approximate
to the observed AUC values (Table 6), indicating that the
constructed model is valid for AUC.
The ln(t 1/2 ) values predicted by the model also
correlated well with the observed ln(t1/2) values for the
training data set with correlation coefficient (R2) equal to
0.7287 (Figure 4B). In addition, the model-predicted t1/2
values were approximate to the observed t1/2 values (Table
6), indicating that the constructed model is also valid for
t1/2.
www.wjgnet.com

MW1
30.05
41.07
41.07
41.07
96.08
29.06
41.07
41.07
41.07
58.08
29.06
29.06
58.08
29.06
60.11
59.06
41.07
113.09
113.09
95.1
47.05
113.09

These models may be used to predict the pharmacokinetic
parameters (AUC and t1/2) of untried fluoroquinolones.
But residual values between predicted and observed data
of the test set are slightly larger especially for AUC. It is
mainly due to non-precise pharmacokinetic data. Although
all the pharmacokinetic data obtained from the literature
were averaged, they were not precise enough to get excellent
models. The other reason is that we only considered
diversities within R1 and R7 to simplify the models. These
models however, are very useful as in-silicon prefilters of
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Table 5 QSPkR models from the training set data
2

No.

Model

R

AUC
t1/2
Cmax

ln(AUC) = 2.27895 + 1.22614 (HE7) + 9.96141 (P7) - 20.5953 (V7) + 9.13637 (SA7)
ln(t1/2) = 1.49842 + 1.80503 (P7) + 0.492241 (HE7) - 5.26324 (V1) + 3.53476 (P1)
ln(Cmax) = 2.96161 - 5.92537 (V1) + 2.15698 (MW1) + 0.206369 (P7) + 0.26873 (HE7)

0.737
0.729
0.327

A
ln[AUC] (predicted)

2.5
2

2

R = 0.7369

1.5
1
0.5
0.5

1

1.5
2
2.5
ln[AUC] (observed)

3

3.5

4

3.5
ln[t 1/2] (predicted)

0.858
0.854
0.572

9.801
9.400
1.697

0.550
0.555
-0.093

0.472
0.280
0.523

3
2.5
2

Innovations and breakthroughs

1.5

2

R = 0.7287

1
0.5
0

Successful drugs must have suitable properties in toxicity, bioavailability and
pharmacokinetic parameters. Screening for a large number of compounds with
excellent absorption, distribution, metabolism, and excretion (ADME) properties
is time-consuming and expensive. So the extension of the idea of quantitative
structure-activity relationship (QSAR) to pharmacokinetic data has led to
emergence of new tool called quantitative structure pharmacokinetic relationship
(QSPkR) study. QSPkR study can be utilized in drug design.

Both one- and two-dimensional topological indices have been used extensively
to numerically relate molecular structure with activity and/or property. (These
descriptors rely only on the molecular graph for their calculation. In contrast, threedimensional descriptors require the absolute conformation of a molecule. They,
too, have been successfully used to develop QSPkRs.

4

1

2
ln[t 1/2] (observed)

3

4

Figure 4 The comparison of the predicted and observed ln(AUC) (A) and ln(t1/2) (B).

Table 6 Predicted and observed data of the compounds in the test set
Compounds
20
21
22

LOF

Research frontiers

B

0

S

Background

3

0

F

COMMENTS

3.5

0

R

Observed
AUC
27.8
18.13
2.62

t 1/2
25.7
11.02
4.02

Predicted
AUC
t 1/2
17.431
16.395
13.269
9.388
12.034
6.852

fluoroquinolone compounds in virtual high throughput
screening. And qualitative analysis of substituents at N-1 and
C-7 may contribute to guide design of novel fluoroquinolones
with excellent pharmacokinetic properties
In conclusion, this model can contribute to a series
of fluoroquinolone antibacterial drugs with excellent
pharmacokinetic properties for complete eradication of
H pylori.

In this study the authors have developed and demonstrated novel computational
approaches for the efficient and accurate prediction of AUC and t 1/2 of
fluoroquinolones. They constructed simple models which can directly correlate
physical and chemical properties to pharmacokinetic data. These models can be
used not only to predict pharmacokinetic parameters but also to guide the design
of novel fluoroquinolones.

Applications

Using these QSPkR models, the authors can illustrate how the changes at N-1
and C-7 of the fluoroquinolones affect their pharmacokinetic parameters. Such
computational models may be useful as in-silico prefilters of fluoroquinolones
compounds in a virtual high throughput screening environment and as a research
tool for identifying and improving the pharmacokinetic profiles of fluoroquinolones
candidates.

Peer review

In the present study, the authors have tried to develop computational approaches
for the prediction of the pharmacokinetics of fluoroquinolones. Quantitative
structure-pharmacokinetics relationship analysis can be an important tool at the
early stage of drug design. The authors demonstrated that small volume and large
polarizability of substitutents of R-1 are beneficial to large t1/2 and small volume,
large polarizability and surface area of substitutents at C-7 are of benefit to large
AUC in fluoroquinolones.
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Abstract
Sarcoidosis is a chronic multisystemic granulomatous
disease of unknown origin, which can involve nearly all
organs. In the case of an infrequent gastrointestinal
tract involvement in systemic sarcoidosis, granulomas of
the liver are most commonly described while isolated
pancreatic sarcoid lesions are rarely seen. We report a
case of systemic sarcoidosis with exclusive extrapulmonal
involvement of the liver and the pancreas in a 71-yearold white man. The diagnosis of liver involvement was
confirmed by biopsy. Pancreatic surgery was needed
because preoperative evaluation could not exclude
pancreatic cancer and for biliary decompression. An
extensive literature review of systemic sarcoidosis,
focusing on reported cases with unusual presentation of
sarcoidosis in the liver and the pancreas, its diagnosis,
treatment, and prognosis was made.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Sarcoidosis is a chronic, multisystemic non-caseous
granulomatous disease of unknown origin[1]. It can involve
almost any organ, but most commonly affects the lung
(90%), lymph nodes (75%), eye (25%) and skin (25%)[2].
The prevalence of systemic sarcoidosis is 1-40/100 000,
being predominantly observed in Afro-Americans and in
persons of Scandinavian descent, affecting mostly young
adults between 20 and 40 years of age[3,4].
Involvement of the gastrointestinal tract in patients
with systemic sarcoidosis is rare, and in 60%-90% of these
cases, liver granulomas can be found in biopsy[2]. Exclusive
liver involvement without lung disease is less frequent,
documented in only about 13% of patients with systemic
sarcoidosis[5]. The diagnosis of liver sarcoidosis is difficult,
because symptoms or functional derangement due to
involvement of the liver are uncommon in sarcoidosis[6]. If
not being asymptomatic, the clinical presentation of liver
sarcoidosis may be hepatosplenomegaly, increased liver
enzymes, intrahepatic cholestasis and portal hypertension,
as a consequence of cirrhosis due to long-standing
intrahepatic cholestasis[6].
As compared to liver involvement in sarcoidosis,
pancreatic sarcoidosis is rare with a prevalence in autopsy
studies of 1%-5% in patients with systemic sarcoidosis[7-11].
However, pancreatic involvement has been reported
even less frequently [12-26] and only isolated cases of
gastrointestinal sarcoidosis exclusively in the pancreas
can be found in the available literature [27-29]. Since the
symptoms related to pancreatic sarcoidosis are mainly due
to pancreatic tissue infiltration or ductal obstruction, the
clinical presentation of pancreatic sarcoidosis resembles
more common entities such as pancreatitis or pancreatic
cancer[30].
We present a case of exclusive extra-pulmonary
gastrointestinal sarcoidosis with hepatic and pancreatic
manifestation, but without signs of other organs. In our
patient, the single clinical sign for hepatic manifestation
of sarcoidosis was an increase in liver enzymes. Pancreatic
sarcoidosis presented as a mass in the head of the pancreas
with symptoms resembling pancreatic malignancy.
Pancreatic surgery was needed because the preoperative
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evaluation could not exclude pancreatic cancer and for
biliary decompression. We reviewed the literature on
hepatic and pancreatic manifestation of sarcoidosis, its
diagnosis, treatment, and prognosis.

CASE REPORT
A 71-year-old white man was admitted to the Department
of Medicine II , University Hospital of Heidelberg at
Mannheim with acute upper abdominal cramps, subfebrile temperature of 37.5℃ and increasing fatigue. He
had no history of regular consumption of alcohol or
drugs. The patient had been treated with antimycotics
(Amphomoronal®) for mycotic stomatitis, which presented
as disturbance of taste and a dry mouth for about four
months. Physical examination showed a red tongue
and a discrete pressure pain in the left upper abdomen.
About one year before the admission, the patient
had had ambulatory diarrhoea and diffuse abdominal
pain and cramps. He had a history of laparoscopic
rectosigmoid resection and adhaesiolysis for diverticulitis
two years before. Postoperative colonoscopy showed
no macroscopic or histological signs for inflammatory
bowel disease or specific inflammation. There was
only a slight unspecific inflammation and fibrosis at
the rectosigmoideal anastomosis. Symptoms could
be controlled by medication with mebeverin 200 mg
(Duspatal®) and butylscopolaminbromid (Buscopan®) on
demand. Laboratory findings, especially pancreatic and
liver enzymes were in the normal range.
Pathologic findings of the patient at admission
are given in Table 1. All the other tested parameters
were in the normal range, including serum amylase,
aspartate aminotransferase, alanine cholinesterase and
bilirubin levels and electrolytes. Tests for hepatitis A,
B, and C virus were all negative. Autoantibody screens
(antimitochondrial antibody (AMA), antineutrophil
cytolasmic antibody (ANCA), antinuclear antibody (ANA),
liver kidney microsome antibody (LKM), smooth-muscle
antibody (SMA)) and serum variables of iron and copper
metabolism were all in the normal range. Epstein-Barr
IgM, cytomegal virus (CMV) IgG and IgM were negative.
The tuberculin test was negative. The X-ray of the chest
and subsequent computed tomography scan corresponded
to age, and no hilar adenopathy was observed and lung
capacity was normal. Electrocardiogram and ultrasound of
the heart were also normal.
Upper endoscopy was macroscopically normal, and
histology showed mild chronic antrum- and corpus
gastritis with antral H pylori infection. We performed a
laparoscopy to take liver biopsy. Macroscopically, there
were no signs of liver cirrhosis or portal hypertension. The
liver biopsy showed numerous dispersed granulomatous
foci at low magnification, which at higher magnification
were noncaseating and contained multiple giant cells.
Plasma cells and eosinophils were not conspicuous. The
reported histopathological diagnosis was "granulomatous
hepatitis, compatible with sarcoidosis". Ultrasound of the
abdomen showed a slightly increased echo intensity of the
liver parenchyma. There was a lipomatosis of the pancreas
and in the pancreatic head a hypoechogenic lesion
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Table 1 Laboratory findings of the patient on admission
Pathologic parameters

Values

Serum lipase
Alkaline phosphatase (AP)
Gamma-glutamyl transpetidase (GGT)

1799 U/L
236 U/L
249 U/L

Aminotransferase (ALAT)
CA 19-9
CRP
Albumin
Epstein–Barr virus (EBV) IgG
Angiotensin Converting Enzyme

A

67 U/L
52 ku/L
19 mg/L
41.5 g/L
975 U/L
1.9 U/L

Normal range
114-286 U/L
38–126 U/L
0-85 U/L
0-50 U/L
0-40 ku/L
< 5 mg/L
60.3-71.4 g/L
0-400 U/L
8-52 U/L

B

Figure 1 Coronal T1-weighted fat-saturated MR image demonstrates pancreatic
head mass measuring 4.7 × 3.2 × 2.9 cm (A) and MRCP shows the stenosis of the
pancreatic and bile duct (B).

measuring 4.7 cm × 3.2 cm × 2.9 cm was found. MRI
with MRCP of the abdomen confirmed the ultrasound
finding of the pancreatic head mass and demonstrated
intrapancreatic stenosis of the DHC and the pancreatic
duct. The former lesion did not infiltrate the surrounding
vessels, with signs for lymphadenopathy but without
evidence of hepatic metastasis (Figure 1).
Endosonography of the pancreatic head was suspicious
for pancreatic cancer. Due to the fact that the main
differential diagnosis was a primary pancreatic cancer, an
explorative laparotomy and partial pancreaticoduodenectomy
was indicated, which was performed in the Department of
Surgery, University of Heidelberg.
Operative procedure
Exploration of the abdominal cavity revealed no signs
of metastasis. The pancreatic mass was resected, and a
pylorus preserving partial pancreaticoduodenectomy was
performed with resection of the distal common bile duct.
Pathologic examination of the surgical specimen revealed
a firm consistency of the pancreatic head, which displayed
a lobular architecture with fibrosis on the cut surface (Figure
2). The peripancreatic lymph nodes (n = 28) were firm
and enlarged, measuring up to 2 cm. Microscopically, the
pancreatic parenchyma presented inter- and intralobular
fibrosis, moderate to dense inflammatory cell infiltrates
including eosinophils, numerous noncaseating granulomas
composed of Langhans´giant cells, epithelioid cells and
lymphocytes (Figure 3A-B). Similar granulomas were seen
in the peripancreatic lymph nodes (Figure 3C). Atypical
cells were not detected. The diagnosis of a noncaseating
www.wjgnet.com
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Figure 3 Microscopic findings in the pancreas (A-B), peripancreatic lymph nodes
(C) and the liver (D) with numerous noncaseating granulomas composed of giant
cells (Langhans type), epitheloid cells, and lymphocytes. Hematoxylin & eosin
staining (A-D). Original magnifications × 16 (A), × 64 (B), × 32 (C) and × 250 (D).

Figure 2 Pathologic examination revealed a firm consistency of the
pancreatic head. The peripancreatic lymph nodes (n = 28) were firm and
enlarged, measuring up to 2 cm.

granulomatous pancreatitis and lymphadenitis, compatible
with sarcoidosis, was established. A side to end jejunopancreaticostomy, a side to end hepatico-jejunostomy
and a duodeno-jejunostomy with a running loop avoiding
brown´s anastomosis[31] were performed.
Drains were removed on the third postoperative day
when the drained fluid contained no increased amounts
of amylase or lipase [32]. The postoperative course was
prolonged by delayed gastric empting which was treated
by placing a naso-gastric tube and i.v. administration of
250 mg of erythromycin three times a day for two days.
After removing the naso-gastric tube, the patient was back
to solid food in two days. The wounds were healing and
staples were removed eleven days after surgery. The patient
was discharged from the surgical department and admitted
to the Department of Medicine II, University Hospital of
Heidelberg at Mannheim on the 12th postoperative day.
Post-operative course
The postoperative course was uncomplicated. A urinary
tract infection was treated with antibiotics, levofloxacine 500
mg (Tavanic®) over 5 d and signs for infection vanished. The
patient complained of right upper abdominal and thoracic
pain and had a computer tomography (CT) of the chest and
the abdomen, which showed a regular postoperative status
and ruled out lung embolia. He was discharged after 4 d
with discrete elevated alkaline phosphatase (AP) levels (319
U/L; normal, 38-126 U/L) and elevated gamma-glutamyl
transpetidase (GGT) levels (423 U/L; normal, -85 U/L) but
serum lipase levels and aminotransferase (ALAT) levels were
in the normal range.
The physical and general condition of the patient was
www.wjgnet.com

improved. He had no more sub-febrile body temperature,
and had decreased alkaline phosphatase (AP) (178 U/L;
normal, < 129 U/L) and gamma-glutamyl transpetidase
(GGT) (162 U/L; normal, -85 U/L). In the course of
observation, AP and GGT levels rose again and the patient
felt sleepy so that we started a treatment with corticoids.
With 40 mg prednisone daily for 8 wk and then gradually
tapering the dose, the patient became asymptomatic again
and liver enzymes were all in the normal range. Final
diagnosis was extrapulmonary sarcoidosis of the liver and
the pancreas.

DISCUSSION
Diagnosis of systemic sarcoidosis, a multisystemic disease
with unknown etiology, is based on a compatible clinical
presentation involving at least two organ systems, supportive
histologic evidence of noncaseating granulomas, and a
reasonable exclusion of other granulomatous diseases[33,34].
Since extrapulmonary manifestation of sarcoidosis and in
particular exclusive involvement of the liver and pancreas
is extremely rare, few data have been published on the
diagnosis, treatment and clinical course of this disease.
Liver involvement of sarcoidosis
The frequency of exclusive liver involvement without lung
disease in patients with systemic sarcoidosis is infrequent
and seen in only 13% of patients with sarcoidosis[5]. Our
patient presented with derangement of liver function.
It is interesting that, in most of the patients, hepatic
involvement with granulomas is asymptomatic and
associated with no abnor mal liver function or mild
derangement [6] . Fever, as an unspecific clinical sign,
correlates with hepatic manifestation of the disease. Thus,
nearly 60% of patients with hepatic manifestation of
sarcoidosis have fever or arthralgia, in contrast to patients
without liver manifesta-tion[6]. Therefore in this case, fever
constitutes an additional indication for liver biopsy [6].
Although our patient had sub-febrile body temperature, he
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was asymptomatic. Since granulomas in the liver are small
and preferably located in the portal space, clinical hepatic
manifestations are rare. Those may include jaundice and
chronic cholestasis[6,35-38], portal hypertension[39,40], or Budd
Chiari syndrome[41,42]. Intrahepatic cholestasis can resemble
primary biliary cirrhosis [43] or sclerosing cholangitis [44].
Sarcoidosis can also coexist with these two entities.
Cirrhosis[5,45,46] and portal hypertension[39,40,45,47,48] are only
found in 1% of patients with sarcoidosis. Furthermore,
extrahepatic biliary tract obstruction[37] in sarcoidosis from
enlarged granulomatous lymph nodes has been described,
but this was not the case in our patient. Transthoracic
ultrasound, CT and MRI did not raise suspicion for liver
sarcoidosis. Since no reason for the derangement of
liver function was found and an outpatient CT-scan had
raised suspicion for liver cirrhosis, we decided to perform
laparoscopic liver biopsy to confirm the diagnosis of liver
sarcoidosis. It is interesting that only 20%-40% of patients
with sarcoidosis had AP and GGT values increased[49,50].
Slightly increased CA 19-9 levels can be interpreted as
an indicator of cholestasis [51]. Angiotensin converting
enzyme (ACE), which is increased in 55% of patients with
sarcoidosis, with a higher frequency in those with active
disease[52,53], was not increased in our patient and serum
calcium was within the normal range.
In liver biopsies, the incidence of sarcoidosis
varies widely in countries and among ethnic groups. In
general, granulomas are found in 4% of all liver biopsy
specimens[54-56]. Of these granulomas, only 13.5%-22% are
due to sarcoidosis. Histological findings of liver biopsy in
our patient are given in Figure 3D. In Europe, sarcoidosis
is seen in about 18% of epithelioid granulomas of the
liver[54]. Others are primary biliary cirrhosis (55%) and
tuberculosis or various infectious diseases[57,58]. Chronic
inflammatory bowel disease is a well recognized cause of
hepatic dysfunction and granulomas are found in the liver
in up to 5% in this disease[59]. Epithelioid granulomas can
be found in patients with psoriasis, drug hypersensitivity[60],
chronic active hepatitis, extrahepatic biliary obstruction
and very rarely in carcinoma[61,62] or Hodgkin disease[63-65].
Pancreatic involvement of sarcoidosis
Pancreatic involvement in systemic sarcoidosis is uncommon
with a prevalence in autopsy studies of 1%-5%[7-11] and an
even lower prevalence in clinical series[12-26]. Only isolated
cases of gastrointestinal sarcoidosis presenting exclusively
in the pancreas have been reported [27-29]. Symptomatic
sarcoidosis presenting as a pancreatic mass is extremely
rare and only 25 cases have been reported in the literature
since first described by Curran and Curran in 1950[14]. Out
of these cases, 12 presented with a pancreatic mass, that
in most cases was located in the head of the pancreas[14].
The remaining cases revealed a diffusely indurated nodular
pancreas.
Our patient had a pancreatic mass in the head of the
pancreas by ultrasound, MRI and endoscopic ultrasound.
Based on imaging procedures alone, it was not possible to
exclude pancreatic cancer or pancreatitis. In accordance
to the literature, he had abdominal pain which is the most
common symptom (66% of cases) in patients with liver
sarcoidosis. He had no other frequent complaints such
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as weight loss (45%), jaundice (29%) and nausea/emesis
(20%). Unfortunately, there is no specific test for the
preoperative diagnosis of pancreatic sarcoid without
the presence of more classic findings of this disease or
a previous pathologic diagnosis. History of sarcoidosis
before the manifestation that led to the discovery of
pancreatic involvement was only present in 4 (16%) of 35
patients.
Symptoms related to the presence of pancreatic
sarcoidosis originate secondary to pancreatic tissue
infiltration or double duct sign due to bile stock. This
is the reason why it clinically presents like pancreatitis
or pancreatic cancer [30] (Figure 1). Given the inability
to rule out pancreatic cancer and the dilatation of the
biliary tree, our patient required surgical intervention for
decompression and diagnosis. Furthermore, the usefulness
of diagnostic tests in this setting is questionable and no
reports exist in the literature of pancreatic sarcoidosis
diagnosed by non-surgical means of biopsy, including
CT or endoscopic ultrasound. Preoperative and operative
findings could not exclude pancreatic cancer and therefore
standard pancreaticoduodenectomy was performed. An
exception to this procedure would have required a definite
previous diagnosis of sarcoidosis but we had to assume
that the finding of isolated granulomas found in the
preoperative liver biopsy without other clinical findings
for systemic sarcoidosis was not sufficient to exclude
the possibility of pancreatic carcinoma and to avoid
pancreatic surgery. Chronic pancreatitis was less probable
because there was no anamnestic evidence and pancreatic
endocrine and exocrine function was normal.
Treatment and prognosis
Steroids are an important base in the treatment of
pulmonary sarcoidosis. Nevertheless, the exact time point
of treatment, dosage, and benefits versus side effects
are still controversial[5,66-72]. Because sarcoidosis has such
varied manifestations, severity, and course, there have
been no valid prospective placebo-controlled treatment
trials. Prolonged length of observation and a large number
of patients are required[33] to prove the effectiveness of
treatment strategies. In asymptomatic patients or those
with mild lung disease, the side effects of systemic steroids
often exceed the benefits of treatment[6], and the disease
may spontaneously remit. In the literature, there are only a
few reports on treatment of liver sarcoidosis[5,73,74]. These
cases demonstrate that liver function may improve even
though liver granulomas may persist on histology. Early
steroid treatment does not preclude the development
of intrahepatic cholestasis or development of portal
hypertension. Therefore, the role of liver biopsies seems
undoubted not only in diagnosis, but also in continued
disease. In patients where liver function tests were
deranged for a time, corticosteroids have been used as a
first line treatment[75].
A more recent publication [5] summarizes cases of
hepatic dysfunction complicated with lung disease and
significant liver involvement presenting independent of
pulmonary sarcoid (23 of 180 patients with a followup of two years (13%). Sixty-three patients were treated
with corticosteroids based on current protocols 30-40
www.wjgnet.com
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mg of prednisone daily for 8-12 wk and then gradual
tapering of the dose to 10-20 mg over a period of 6-12
mo, to establish the minimal effective dose[4]. In the abovementioned study, approximately one third had a complete
clinical response, one-third a partial response and one-third
no response. This study, providing the first comprehensive
review of liver involvement in sarcoidosis, suggests that
hepatic sarcoidosis can be a serious and rapidly progressive
disease[76]. The authors conclude that in case of chronic
liver disease treatment should be started irrespective
of the absence of pulmonary or other extrahepatic
manifestations.
Alternatives to steroids have been tried, being primarily
limited to steroid refractory cases. Methotrexate[5,73,76-78]
has shown the greatest promise of these alternative
agents, but again, data are limited. In cases of hepatic
cholestasis, ursodeoxycholic acid may be beneficial [79].
Organ transplantation is often the only treatment modality
in advanced sarcoidosis of the liver. Cyclosporine has been
used successfully in a cohort of nine patients transplanted
for sarcoidosis with no evidence of disease recurrence.
Nevertheless, recurrence of disease in the allograft has
been reported in a previous case report[80-82].
No general conclusion can be drawn on medical
treatment of pancreatic sarcoidosis. Up to now, in the
literature, 25 cases of pancreatic sarcoidosis presenting as
a pancreatic mass have been reported. Among 18 patients,
treatment regimens were compared, 6 patients improved
spontaneously without corticosteroids and 10 with
prednisone treatment[28].
In summary, we report a case of systemic sarcoidosis
with extrapulmonal involvement of the liver and the
pancreas. Pancreatic surgery was required to exclude
pancreatic cancer. Liver biopsies are a valuable tool
for diagnosis and also for disease monitoring in
patients with liver sarcoidosis. The prognosis of mild
disease and pancreatic involvement is good, with high
spontaneous remission rates. The exact time point of
treatment, dosage, and benefits versus side effects for
corticoids in extrapulmonary sarcoidosis are still discussed
controversially.
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Abstract
Colonic lipoma is a well-documented benign neoplasia,
endoscopically appearing as a smooth round yellowish
polyp with a thick stalk or broad-based attachment. We
describe a 63-year old woman with persistent abdominal
pain, in whom colonoscopy revealed a cecal mass with
malignant features. Based on the colonoscopy findings,
right hemicolectomy was laparoscopically performed for
a presumptive diagnosis of a cecal adenocarcinoma, but
histological examination revealed a colonic lipoma with
overlying mucosal ulceration.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Lipomas are rare and slow-growing benign nonepithelial
tumors that can be found in the gastrointestinal tract[1,2].
Lipomas develop only infrequently in the colon, and
are usually asymptomatic and detected incidentally at
colonoscopy, surgery or autopsy [3]. The occurrence of
www.wjgnet.com

symptoms appears to be related to the size of lipoma.
Those larger than 2 cm may occasionally cause abdominal
pain, changes of bowel habits, rectal bleeding and bowel
obstruction, intussusception or prolapse[3-5]. The common
endoscopic picture consists of a smooth, spherical polyp,
usually sessile and rarely penduculated that is slightly
yellow, while the overlying mucosa is intact[1-6]. In rare cases
the mucosa presents necrotic and/or ulcerative lesions that
resemble malignant tumors[7,8]. The decision for selecting
the most suitable treatment of a colonic lipoma mainly
depends on the tumor's size and is either endoscopic
resection or surgical removal. Lipomas with a diameter less
than 2 cm can be safely removed endoscopically, whereas
larger lesions should be removed by segment resection[9-11].
We describe a patient with persistent abdominal pain
who underwent laparoscopic right hemicolectomy for the
presumptive endoscopic diagnosis of cecal adenocarcinoma
that turned out to be a lipoma on histological examination.

CASE REPORT
A 63-year old woman with abdominal pain for several
weeks was referred to our department by a private gastroenterologist for further investigation of a 2 cm broadbased cecal polypoid mass, revealed during colono-scopy.
The patient did not report any episodes of constipation,
diarrhea, hematochezia or melena, and her medical history
did not include consumption of alcohol or non-steroid
anti-inflammatory drugs (NSAIDs). Examination of
the abdomen revealed no mass or tenderness. Detailed
laboratory studies were within normal ranges, including
complete peripheral blood cell count, blood coagulation
and carcinoembryonic antigen (CEA). Colonoscopy
performed in our department revealed a sessile tumor
of about 2 cm in diameter, proximal to the ileocecal
valve. The overlying mucosa was ulcerated and nodular
with red color, while on palpation with biopsy forceps,
the mass was felt to be stiff, not compressible and easy
bleeding (Figure 1A and B). Although histopathological
examination of biopsy specimens showed only nonspecific ulcerations, malignancy could not be excluded
according to the endoscopic findings. Further investigation
included an abdominal ultrasound, which was negative
for liver metastases and a computed tomography (CT)
scan which showed a sessile neoplasm protruding into the
lumen of cecum with a medium tissue density.
Given the suspicion of the malignant nature of
the tumor, the patient underwent a laparoscopic right
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hemicolectomy. Macroscopic assessment of the resected
specimen revealed a round polypioid tumor of 2.1 cm
× 2.4 cm × 1.8 cm in size, with firm characteristics and
nodular surface. Pathological examination of the resected
lesion revealed a cecal lipoma with ulcerative lesions on the
overlying mucosa (Figure 2A and B). The postoperative
course was uneventful, and the patient was free of
symptoms during a 10-month follow-up period.

DISCUSSION
Colonic lipomas are relatively uncommon tumors of
mesenchymal origin, composed of well-differentiated
adipose tissue supported by fibrous tissue, that rarely cause
symptoms and are usually detected incidentally[1-3]. They
arise from the submucosa, but occasionally extend into
the muscularis propria; up to 10% are subserosal[12]. The
incidence of lipomas relative to all polypioid lesions of the
large intestine is reported to range from 0.035% to 4.4%[1,2].
However, they represent the third most common benign
tumors after hyperplastic and adenomatous polyps [13].
They are usually solitary, but multiple lesions are reported
in 10% to 25% of cases[1,3]. A rare polyposis syndrome has
been described, with numerous lipomas throughout the
bowel (colonic lipomatosis)[14]. Colonic lipomas are mainly
found on the right-side of the colon and cecum[15]. Most
of these tumors are asymptomatic and usually detected
incidentally during colonoscopy and laparotomy. Only
25% of patients with colonic lipoma develop symptoms.
When lipomas are larger than 2 cm in diameter, they may
cause symptoms including bleeding with anemia, diarrhea
or constipation, abdominal intestinal obstruction, and
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Figure 1 Endoscopic view of a
broad-attachment polypoid tumor
(A) and bleeding from the lesion on
compression with biopsy forceps on
compression with biopsy forceps (B).
The overlying mucosa was nodular
with ulcerations.

Figure 2 Endoscopic view of a
broad-attachment polypoid tumor
(A) and bleeding from the lesion on
compression with biopsy forceps on
compression with biopsy forceps (B).
The overlying mucosa was nodular
with ulcerations.

rarely, intussusception[16].
Various imaging modalities can imply the diagnosis of
colonic lipomas. Barium enema may reveal an ovoid filling
defect with well-defined borders. A so-called squeeze sign,
indicating a change in size and shape of a radiolucent
lesion in response to peristalsis, is frequently noted[17].
CT scans of colonic lipomas can provide a definite
diagnosis because the mass typically has characteristic
fatty densitometric values[18,19]. On CT, lipomas appear
ovoid or pear shaped, with sharp margins and absorption
densities of -40 to -120 Hounsfield units, typical of fatty
composition[20,21]. However, these features are evident only
in large lesions, as smaller tumors are not detectable due to
artifacts and partial volume averaging[22]. Correspondingly,
in our case, abdominal CT was not diagnostic for lipoma
possibly due to the tumor's relatively small size. Magnetic
resonance imaging (MRI) may be particularly useful in the
detection of lipomas as the signal intensity is characteristic
of adipose tissue on T1-weighted and fat-suppressing
images[23,24]. Endoscopic ultasonography (EUS) is a potent
adjunct modality for characterization of submucosal
tumors. Colonic lipomas appear as hyperechoic lesions with
regular borders in the three layers and can be distinguished
from smooth muscle tumors, lymphangiomata, and invasive
or metastatic malignancies[25]. EUS can be used to determine
any extension into the muscularis propria before injectionassisted polypectomy of symptomatic lipomas[26]. Recently,
CT colonographic examination (virtual colonoscopy) has
been performed to detect colonic lipomas[27].
Endoscopy can usually distinguish lipomas from gastrointestinal cancer or other tumors. Lipomas are seen as
smooth, rounded yellowish polyps with a thick stalk or
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Table 1 Reported cases of colonic lipomas with pseudomalignant features
Author
Loludice[7]
Lera[30]
Snover[8]
McGrew[31]
Taylor[32]
Ibrazullah[33]
El-Khalil[34]
Caterino[35]
Meghoo[36]

Year
1980
1982
1984
1985
1987
1992
2000
2002
2003

Age
43
70
57
75
62
50
64
60
60

Huh[16]
Katsinelos

2006
2006

62
62

Sex
M
F
M
M
M
M
M
M
F

Clinical presentation
Hematochezia
Abdominal pain
Occult blood
Hematochezia
Hematochezia
Hematochezia
Hematochezia
Abdominal pain
Hematochezia

M Intussusception
F Abdominal pain

Site of lipoma
Descending
Hepatic flexure
Sigmoid
Rectosigmoid
Sigmoid
Descending
Sigmoid
Hepatic flexure
Cecum
Sigmoid
Cecum

Size (cm)
3.9
4
3
5
10
3
7.8
5
6
3.5
2.4

broad-based attachment[1-6]. Typical colonoscopic features
are the "cushion sign" or "pillow sign" (pressing forceps
against the lesion results in depression or pillowing of
the mass) and the naked fat sign (extrusion of yellowish
fat at biopsy site)[4,12,28,29]. Although the mucosa overlying
a colonic lipoma is usually not involved, in rare cases,
as in our patient, colonoscopy may reveal ulcerations
and stiffness on palpation that may lead to a mistaken
impression of carcinoma. Eleven such cases[7,8,30-36] reported
over 3 decades are summarized in Table 1. Among these
patients the most common indications for endoscopy were
hematochezia and persistent abdominal pain. The location
of lesion was in the cecum in three cases, ascending and
transverse colon in one respectively, descending colon in
two and rectosigmoid in four cases. In cases where biopsy
specimens were taken, only hemorrhagic necrosis or
ulceration of the mucosa was identified. In all but one case
treatment consisted of operative resection.
The indications for performing colonoscopic snare
polypectomy to remove colonic lipomas remain controversial[9,28,37]. Most authors agree that colonic lipomas
with a diameter larger than 2 cm should be removed
surgically, because in these cases endoscopic resection
is associated with a high rate of complications [9,10,38,39].
However, especially for large penduculated lipomas, the
size of the stalk seems to be a more important factor than
the diameter of the lipoma when colonoscopic removal
is considered[10,38]. In our opinion, if a lipoma is sessile or
broadly-based, endoscopic removal is risky because the
fatty tissue is an inefficient conductor for electric current
and may result in a significantly high rate of complications
like perforation or hemorrhage.
A wide range of operative techniques using conventional
laparotomy[9] and mini-laparotomy[40] have been described
including enucleation, colostomy, excision and segmental
colonic resection. However, only a few cases of laparoscopic resection of colonic lipomas have been reported so
far[13,15,39,41-47]. Advantages of laparoscopic surgery include
less postoperative pain, shorter hospitalization and faster
recovery than conventional laparotomy. The latest published data referring to the comparison of laparoscopic versus
open colorectal resection for cancer [48.49] indicate that
laparoscopic resection of colonic lipomas should become
the gold standard method for removal of lipomas greater
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Treatment
Left hemicolectomy
Right hemicolectomy
Sigmoid colectomy
Endoscopic resection
Sigmoid colectomy
Left hemicolectomy
Left hemicolectomy
Right hemicolectomy
Right hemicolectomy

Histological findings of endoscopic biopsies
Ulcerated mucosal
Ulcerated mucosa
Ulcerated mucosa
Inflammatory tissue
Focal hemorrhagic necrosis
Ulcerated mucosa

Anterior resection
Laparoscopic right
hemicolectomy

Focal hemorrhagic necrosis and inflammation
Non-specific ulceration

than 2-3 cm in diameter, even in cases where the malignancy
of the tumor could not be excluded preoperatively.
In conclusion, our case emphasizes that a colonic
lipoma can simulate a malignant neoplasm and underscores
the laparoscopic resection as the recommended operation
for symptomatic colonic lipomas.
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Abstract
Telerobotic surgery is the most advanced development
in the field of minimally invasive surgery. The da Vinci
surgical system, which is currently the most widely
used telerobotic device, was approved by the Food and
Drug Administration of the United States of America for
clinical use in all abdominal operations in July 2000. The
first da Vinci surgical system in China was installed in
November 2005 at our institution. We herein report the
first telerobotic-assisted laparoscopic abdominoperineal
resection using the 3-arm da Vinci surgical system for
low rectal cancer in Hong Kong and China, which was
performed in August 2006. The operative time and blood
loss were 240 min and 200 mL, respectively. There was
no complication, and the patient was discharged on
postoperative day five. An updated review of published
literature on telerobotic-assisted colorectal surgery is
included in this report, with special emphasis on its
advantages and limitations.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The minimally invasive or laparoscopic approach has
www.wjgnet.com

revolutionised surgical care over the past two decades.
Since the introduction of laparoscopic cholecystectomy
in 1987, laparoscopic surgery has been attempted and
applied to many surgical operations, including resection
of benign and malignant colorectal diseases[1]. Although
the laparoscopic approach in colorectal surgery has been
shown to be beneficial and oncologically safe[2-4], its use
is still not yet widespread[5,6]. This restriction may be due
to the technical difficulties and the steep learning curve
associated with these complex procedures[7]. Conventional
laparoscopic surgery has many inherent technical drawbacks,
including unstable video camera platfor m, lack of
stereoscopic or three-dimensional (3D) vision, limited
motion of straight instruments, long instruments that can
increase physiological hand tremor, and poor ergonomics
for the surgeon[8]. The introduction of the telerobotic
surgical systems may offer potential solutions to the abovementioned problems.
The da Vinci surgical system (Intuitive Surgical, Inc.,
Sunnyvale, CA) was developed to facilitate laparoscopic
surgery and overcome its disadvantages[9]. This telerobotic
system comprises three main components: the robotic cart
with three or four mechanical arms, the console, and the
endoscopic stack. The operating surgeon sits comfortably
at the console, with his hands placed on master handles.
His movements are then translated via computer software
to the robotic arms at the site of the operation. The
system provides a magnified 3D view and intuitively
transfers movements from the handle to the tip of the
instrument with tremor filtering. Dexterity is enhanced
via EndoWrist (Intuitive Surgical, Inc., Sunnyvale, CA)
technology, returning seven degrees of freedom to the
surgeon, so that precise manoeuvres like anastomosis can
be accomplished easily. The system can actually facilitate
less experienced surgeons to perform minimally invasive
surgery in a smooth and more ergonomically manner.
The Food and Drug Administration of the United
States of America approved the da Vinci surgical system
for clinical use in all abdominal operations in July 2000.
The first reported telerobotic-assisted laparoscopic colorectal
procedures were performed in late 2000 in Japan[10]. Since
then, there have been a small number of series in the
literature describing the use of telerobotic systems in
the field of colorectal surgery[11-17]. The first da Vinci
surgical system in China was installed in November 2005
at our institution in Hong Kong. We herein report the
first telerobotic-assisted laparoscopic abdominoperineal
resection using the 3-arm da Vinci surgical system for
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low rectal cancer in Hong Kong and China, which
was performed in August 2006. An updated review of
published literature on telerobotic-assisted colorectal
surgery is included in this report, with special emphasis on
its advantages and limitations.

CASE REPORT
A 49-year-old woman with a body mass index of 25.2
kg/m 2 presented with rectal bleeding associated with
constipation and tenesmus for one year. Her past medical
history included hypertension and diabetes mellitus.
Colonoscopy revealed a tumour at the lower rectum
3 cm above the anal verge, and biopsy confirmed the
diagnosis of adenocarcinoma. Computed tomography
showed no evidence of loco-regional invasion or distant
metastasis. The patient underwent telerobotic-assisted
laparoscopic abdominoperineal resection using the 3-arm
da Vinci surgical system on August 25, 2006. The patient
understood that this was the first case of its kind in Hong
Kong and China, and informed consent was obtained
prior to surgery. Mechanical bowel preparation was carried
out one day before surgery with sodium phosphates
oral solution. Systemic prophylactic antibiotics (1.5 g
cefuroxime and 500 mg metronidazole) were administered
intravenously at induction of general anaesthesia.
Operative strategy and techniques
The operating surgeon and the assistants were skilled in
both laparoscopic and colorectal surgery. All members
of the surgical team had also undergone a specific twoday robotic-assisted animal laparoscopic surgery training
course before the surgery, which consisted of didactic and
practical application sessions covering the components
and use of the da Vinci surgical system and EndoWrist
instruments on live animals. Live telerobotic surgery on
patients was also demonstrated.
The patient was placed in the Lloyd-Davies position.
Pneumoperitoneum was created with the open technique
just below the umbilicus. A zero-degree 10-mm laparoscope was used. Additional trocars (T1-T5) were inserted
as shown in Figure 1. T1 (13-mm trocar used for stapling)
was inserted 5 cm lateral to the right midclavicular line
above the level of the umbilicus. T2 (5-mm trocar) was
inserted 5 cm lateral to the right midclavicular line above
the level of the right anterior superior iliac spine (ASIS).
T3 (5-mm trocar) was inserted 5 cm lateral to the left
midclavicular line at the level of the umbilicus. T4 (8-mm
robotic trocar) was inserted just medial to the right
midclavicular line between the camera trocar and the right
ASIS. Finally, T5 (8-mm robotic trocar) was inserted in
the left lower quadrant of the abdomen, opposite and
symmetrical to T4.
The first part of the surgery was carried out laparoscopically. The operating surgeon used T1 and T2 for
dissection, while the assistants held the camera and T3.
With the patient tilted head down, the sigmoid-descending
colon was mobilised along the white line of Toldt. The left
ureter was identified and protected. The inferior mesenteric
vessels were transected distal to the left colic vessels with
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Figure 1 Trocar positions for teleroboticassisted laparoscopic abdominoperineal
resection using the 3-arm da Vinci
surgical system.
T1
Camera port

T2
T4

T3

T5

Assistant

Assistant

Console

Nurse
Monitor

Robotic cart

Monitor

Operating surgeon

Figure 2 Operating theatre setup for telerobotic-assisted laparoscopic
abdominoperineal resection using the 3-arm da Vinci surgical system.

EndoGIA staplers (Autosuture, Tyco Healthcare, Norwalk,
CT).
After complete laparoscopic mobilisation of the
sigmoid-descending colon and transection of the
lymphovascular pedicle, the 3-arm da Vinci surgical system
was brought onto the field. With the patient still in the headdown position, the three robotic arms were docked to the
camera port and ports T4 and T5 as shown in Figure 2. The
operating surgeon sat at the console in the operating theatre
and controlled the robotic camera and the two robotic arms.
The left robotic arm (T5) carried a Cadière forceps while
the right robotic arm (T4) carried a monopolar cautery
hook (Figure 3). The assistants stood on both sides of the
patients using T1, T2, and T3 for suction and retraction.
The rectosigmoid mesentery was retracted superiorly and
anteriorly, and the Holy plane was entered. Total mesorectal
excison was performed with the da Vinci surgical system
down to the pelvic floor. The ureters, the hypogastric
nerves, and the pelvic parasympathetic plexus were carefully
identified and safeguarded.
The da Vinci surgical system was disengaged after
rectal mobilisation was completed. The sigmoid colon
was transected with EndoGIA staplers; an abdominal
wall opening was created by excision of port T5, and the
proximal sigmoid colon was drawn through this opening
to form an end colostomy. Perineal dissection was then
performed, and the resected specimen was retrieved
through the perineal wound. The perineal wound was
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Cautery hook

Figure 3 Intraoperative photograph showing the Cadière forceps in the left robotic
arm and the monopolar cautery hook in the right robotic arm.

closed primarily with a drain put in the pelvic cavity via a
separate stab wound.
The total operative time was about 240 min, with
45 min spent on insertion of trocars and laparoscopic
mobilisation of the sigmoid colon, 15 min spent on
docking of the da Vinci surgical system, 120 min spent
on telerobotic-assisted rectal mobilisation, and 60 min
spent on perineal dissection and creation of colostomy.
The intraoperative blood loss was 200 mL and no blood
transfusion was required.
The patient was able to resume oral diet on the next
day after surgery. She opened her bowel on postoperative
day four, and she was discharged on postoperative day five.
There was no complication.
Pathological examination of the resected specimen
revealed moderately differentiated adenocarcinoma with
invasion into the muscularis propria but not through it
yet. One out of sixteen removed lymph nodes showed
metastasis. At the time of writing of this report (five
months after the surgery), the patient is still undergoing
adjuvant therapy. She remains well and asymptomatic.

DISCUSSION
Hashizume et al[10] from Japan were the first to publish
their experiences with telerobotic-assisted colorectal
resections, performing one ileocaecal resection, one left
hemicolectomy, and one sigmoid colectomy for cancer
in late 2000. The first telerobotic-assisted laparoscopic
colectomies for benign diseases were performed by
Weber et al[11] in March 2001. Since then, there have been
a small number of published case series in the literature
(Table 1) demonstrating the feasibility and safety of
telerobotic-assisted colorectal procedures using the da
Vinci surgical system, ranging from partial colectomies to
rectal resections[12-17]. The advantages of the telerobotic
surgical system including enhanced vision, facilitated
dexterity, and better ergonomics were acknowledged by
all the authors. The operative time, however, was long in
most of the early series. Extra time was needed for setting
up of the operating theatre and docking/repositioning of
the telerobotic surgical system, which might decrease with
experience. In a recent study by Rawlings et al[17], the total
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operative time for telerobotic-assisted right hemicolectomy
had become faster after 17 cases (from > 300 min in the
first case to about 200 min in the last few cases), while
no definite change in operative time trend was observed
after 13 cases of telerobotic-assisted sigmoid colectomies.
For experienced minimally invasive surgeons, the learning
curve for telerobotic-assisted colorectal surgery is believed
to be about 20 cases[18].
We have chosen to start our telerobotic-assisted
colorectal surgery programme with a case of rectal
resection. One of the reasons is that the telerobotic
surgical systems have been considered to be particularly
useful when the operative field is small and precise
dissection is required. In colonic surgery, most of
the dissection entails up-and-down and left-to-right
movement in different quadrants of the peritoneal cavity;
the small excursion arcs of the robotic arms may not
adequately encompass this wide field of dissection, and
thus repositioning of the patient and the robotic cart
is often necessary. We feel that the telerobotic surgical
system may be more useful in rectal surgery because the
robotic arms can allow for very accurate dissection in the
confined pelvic space, and the magnified 3D vision can
give an excellent view of the pelvic anatomy. In order to
avoid repositioning of the robotic cart during surgery, we
mobilised the sigmoid-descending colon with conventional
laparoscopic techniques first, before we brought in the
robotic cart for telerobotic-assisted rectal mobilisation.
With this hybrid technique, our case can be finished
within 240 min, which compares favourably with the
mean operative time of 215 min in our previous report on
laparoscopic-assisted abdominoperineal resection for low
rectal cancer[19].
Table 2 summarises the published studies comparing
telerobotic-assisted colorectal surgery using the da Vinci
surgical system versus conventional laparoscopic colorectal
surgery [20-23]. In the largest comparative study to date,
D'Annibale et al[21] compared 53 telerobotic-assisted with 53
conventional laparoscopic colorectal procedures, ranging
from partial/total colectomies to abdominoperineal
resections. No differences were observed in the total time
of surgery (telerobotic group, 240 min vs laparoscopic
group, 222 min), time to recovery of bowel function, and
duration of hospital stay. The only significant difference
was a longer setup time to prepare for the operating
theatre and the patient in the telerobotic group (24 min
vs 18 min; P = 0.002). In a more recent study by Pigazzi
et al[23], 6 telerobotic-assisted total mesorectal excisions
(TME) were compared with 6 conventional laparoscopic
TME. The two groups were not different in total operative
time (telerobotic group, 4.4 h vs laparoscopic group, 4.3
h), complication rates, and duration of hospital stay.
However, surgeons in the telerobotic group reported
less fatigue and less strain after surgery. Interestingly, the
issue of cost was only addressed in the first comparative
study[20], which reported additional direct equipment costs
of approximately US$ 350 per case for the robotic group,
without including acquisition and maintenance costs for
the telerobotic surgical system.
Although most of the published studies on telerobotic-
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Table 1 Published case series and reports on telerobotic-assisted colorectal surgery using the da Vinci surgical system

First author (yr)

Country

Types and number of surgery

Hashizume et al[10] (2002) Japan

Weber et al[11] (2002)

USA

Giulianotti et al[12] (2003) Italy
Vibert et al[13] (2003)
France

Talamini et al[14] (2003)
USA
Braumann et al[15] (2005) Germany
Ruurda et al[16] (2005)
Netherlands

Rawlings et al[17] (2006)

USA

Present case

Hong Kong,
China

Operative
time (min)

RH SC AR/LAR APR Others
1

1

1

5

1
1

6
1

1

2

2

17

13

2

1 ileocaecal resection (IC) IC: 335
1 left hemicolectomy (LH) SC: 180
LH: 265
RH: 228
SC: 340
2 ileocaecal resections
Mean 211
1 Hartmann reversal (HR) SC: 330
LAR: 450
HR: 360
17 'bowel resections'
Not clear
Mean 201
5 ileocaecal resections
Median 95
2 sigmoid colostomies
Median 75
16 rectopexies
Median 150
RH: 219
SC: 225
240

1

Conversion to Complications
open (number)
0

None

0

None

0
0

1 leak after AR
1 prolonged ileus after LAR

Not clear
2
0

Not clear
None
1 bowel injury during rectopexy
1 wound infection after IC

2

6 complications, including 2
bowel injuries and 1 leak

0

None

USA: United States of America; RH: Right hemicolectomy; SC: Sigmoid colectomy; AR: Anterior resection; LAR: Low anterior resection; APR: Abdominoperineal
resection.

Table 2 Published studies comparing telerobotic-assisted colorectal surgery using the da Vinci surgical system versus conventional
laparoscopic colorectal surgery
First author (yr)

Procedures

Delaney et al[20] (2003) RH, SC, rectopexies

D'Annibale et al
(2004)

[21]

Number of patients Total operative Blood loss
time
(mL)
Telerobotic 6

Laparoscopic 6
Partial/total colectomies Telerobotic 53
and rectal resections
Laparoscopic 53

Woeste et al[22] (2005) SC for sigmoid diverticulitis Telerobotic 4
Laparoscopic 23
Pigazzi et al[23] (2006) TME for rectal cancer
Telerobotic 6
Laparoscopic 6

216.5 mina

100

150 mina
240 min

87.5
21

222 min

37

236.7c
172.4c
4.4 h
4.3 h

60
58.9
104
150

Complications
1 atelectasis
1 incisional hernia
1 reoperation for
bowel injury
1 reoperation for
bleeding
1 (25%)
5 (21.7%)
1 prolonged ileus
1 pelvic abscess

Hospital
stay (d)
3
2.5
10

Remarks
Additional direct equipment
costs of US$ 350 per case for
telerobotic surgery
Significantly longer setup
time in the telerobotic group

10
/
/
4.5
3.6

/
Telerobotic surgery caused
less strain for surgeons

RH: Right hemicolectomy; SC: Sigmoid colectomy; TME: Total mesorectal excision. aP < 0.05 by Mann-Whitney U test; cP < 0.05 by Student’s t-test. No significant
differences were noted in all the other parameters.

assisted colorectal surgery have shown comparable
results when compared to conventional laparoscopic
surgery, none have yet demonstrated a clear advantage to
using the telerobotic system in colorectal surgery. Other
limitations of applying this technology to the field of
colorectal surgery include lack of tactile feedback, limited
instrumentation, inconvenience of rotating or tilting
the patient during surgery, and need for repositioning
to facilitate dissection in different quadrants of the
abdomen during surgery. Besides, precise manoeuvres like
anastomosis are seldom required in colorectal surgery.
Nevertheless, with continued refinement in technologies
and techniques, many of the above-mentioned limitations
can be overcome. Undoubtedly, the telerobotic system
can benefit the surgeons by providing excellent dexterity,
vision, and ergonomics, but whether this can be translated
into better patient outcomes still needs further evaluation.
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Abstract
Ulcerative colitis (UC) is a chronic inflammatory bowel
disorder characterized by exacerbations and remissions.
The degree of inflammation as assessed by conventional
colonoscopy is a reliable parameter of disease activity.
However, even when conventional colonoscopy suggests
remission and normal mucosal findings, microscopic
abnormalities may persist, and relapse may occur
later. Patients with long-standing, extensive ulcerative
colitis have an increased risk of developing colorectal
cancer. Ulcerative colitis-associated colorectal cancer
is characterized by an early age at onset, poorly
differentiated tumor cells, mucinous carcinoma, and
multiple lesions. Early detection of dysplasia and colitic
cancer is thus a prerequisite for survival. A relatively
new method, magnifying chromoscopy, is thought to be
useful for the early detection and diagnosis of dysplasia
and colitic cancer, as well as the prediction of relapse.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The degree of inflammation in ulcerative colitis (UC)

as assessed by conventional colonoscopy is a reliable
parameter of disease activity. Even when conventional
colonoscopy suggests remission and normal mucosal
findings, however, microscopic abnor malities may
persist[1,2], and relapse may occur later[3]. UC is a chronic
disease with an unknown cause characterized by diffuse
mucosal inflammation of the colorectum and a course
of exacerbations and remissions [4-8]. The purpose of
treatment in patients with UC is thus the achievement of
remission and maintenance of quiescence. An important
factor in choosing treatment methods is the evaluation
of disease activity; this is commonly done using clinical
criteria based on symptoms[9] owing to its convenience
and noninvasiveness. When clinical criteria are used
alone, however, 40% of patients in whom remission is
achieved relapse within 1 year[10,11]. This finding indicates
the need for colonoscopic and histopathologic assessment
also, notwithstanding their disadvantages, including
inconvenience, invasiveness and prolongation of the
colonoscopic examination.
Patients with long-standing UC are known to have an
increased risk for the development of colorectal cancer.
Although some investigators recommend prophylactic total
proctocolectomy for these high-risk patients, surveillance
colonoscopy to detect UC-associated colorectal cancer
is generally performed instead. Although UC-associated
dysplasia is considered a useful marker of colorectal cancer
at surveillance colonoscopy, recognition of dysplasia,
particularly flat dysplasia, is hampered by the inflammationinduced granular changes which arise in background
mucosa. It is therefore generally recommended that
biopsy specimens be taken every 10 cm along the whole
colorectum[12]. Even with this coverage, however, a set
of 10 biopsy specimens has been theoretically calculated
to represent only 0.05% of the total surface area of the
whole colorectum[13].
Of interest, recent reports have indicated that careful
mucosal examination aided by chromoendoscopy and
magnifying endoscopy, and target biopsies of suspicious
lesions might provide more effective surveillance than the
taking of multiple non-targeted biopsies[14-16].

EVALUATION OF ULCERATIVE COLITIS
Histopathologic assessment of UC
Severity in ulcerative colitis is generally assessed using
symptoms, laboratory data[17], colonoscopic findings[2,18-25]
and the histologic degree of inflammation in the biopsy
specimens [3,26-29]. Of these, histopathologic assessment
www.wjgnet.com
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is considered the standard for evaluation of disease
activity[30]. Observation under conventional colonoscopy
is regarded as useful for the evaluation of disease activity,
since it offers direct observation of mucosal changes,
but it remains controversial whether colonoscopic
grade correlates with histopathlogic findings. Notably,
the degree of histologic inflammation within biopsy
specimens does not necessarily correlate with endoscopic
abnormalities[1,2,18,25,31].
Are magnifying chromoscopic findings useful for the
evaluation of UC ?
Matsumoto et al[14] reported the usefulness of magnifying
chromoscopy in the assessment of severity. Magnifying
colonoscopy was performed in 41 patients with ulcerative
colitis, with findings in the rectum graded according to
network pattern (NWP) and cryptal opening (CO). The
clinical, endoscopic and histologic grades of activity did
not differ between groups categorized by the presence or
absence of each finding. However, when the two features
were coupled, patients with both visible NWP and CO had
a lower clinical activity index and lower grade of histologic
inflammation than those in whom neither finding was seen.
Further, the presence of breaches in surface epithelium
may be an additional factor in future relapse [3], and an
altered pattern as defined by magnified colonoscopic views
may be predictive of course[14].
Fujiya et al [15] proposed a classification system for
magnifying colonoscopic findings in patients with UC
which has proved useful for the evaluation of disease
activity and prediction of periods of remission. This
classification references regularly arranged crypt openings,
a villous-like appearance, minute defects of epithelium
(MDE), small yellowish spots (SYS), and a coral reeflike appearance. Colonoscopic findings under this
classification were compared with histopathologic findings
in 61 patients and the usefulness of the classification for
predicting relapse was prospectively analyzed in 18. Under
conventional colonoscopic examination, all areas evaluated
as Matts' grade 1 had a corresponding histopathologic
grade of 1. In contrast, most areas assessed as Matts' grade
3 or 4 were diagnosed as histopathologic grade 3 or higher.
In contrast, Matts grade 2 mucosa had histopathologic
findings that varied from quiescent to active disease. These
results suggest that while normal and diseased mucosa are
easily recognized by conventional colonoscopy, assessment
of the minute mucosal changes that reflect smoldering
histopathologic inflammation is much less successful[1,2,18].
Under magnifying colonoscopic examination, in contrast,
37 (82.2%) of the 45 areas in which regularly arranged
crypt openings or a villous-like appearance was detected
had a corresponding histopathologic grade of 1, while all
areas with MDE, SYS, or the coral reef-like appearance
had a corresponding histopathologic grade of 2 or higher.
In particular, the correlation between histopathologic
grade and magnifying colonoscopic findings (r2 = 0.807)
was better than that for histopathologic grade versus
conventional colonoscopy (r2 = 0.665). This study found
that patients in whom MDE was observed during clinical
remission frequently experienced relapse within short
periods (6 mo) compared with those without this finding,
www.wjgnet.com
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Figure 1 Grading of pit structures in the colorectal mucosa of patients with
inactive UC.MCS grade 1: Pits are small, round, and regularly arranged (A). MCS
grade 2: Pits are rather large, oval, and somewhat irregular in arrangement (B).
MCS grade 3: Pits are of various shapes and sizes, and irregularly arranged (C).
MCS grade 4: Dispersed pits vary in morphology and are associated with the
presence of small erosions (D).

and that 50% of patients who underwent clinical remission
still had active inflamed mucosa with MDE[15]. This latter
finding correlates with a previous finding that 30% to
60% of patients in remission as determined by clinical
symptoms were still in the active stage of ulcerative colitis
based on histopathologic findings[18,31].
Magnifying chromoscopic findings and prediction of
relapse
Nishio et al [16] reported that magnifying-colonoscopy
(MCS) grade was associated with the degree of histological
inflammation and mucosal IL-8 activity in quiescent
patients with ulcerative colitis, and might predict the
probability of subsequent disease relapse in patients with
ulcerative colitis in remission. Magnifying colonoscopy
was performed in 113 patients in remission, and the
relationship between pit patterns, IL-8 activity, and
histological disease activity was evaluated. Pit patterns in
the rectal mucosa were classified into four MCS grades on
the basis of size, shape, and arrangement (Figure 1). The
patients were then followed until relapse or for a maximum
of 12 mo. Results showed a positive correlation between
MCS grade, histological grade, and mucosal IL-8 activity.
Multivariate proportional hazard model analysis showed
that MCS grade was a significant predictor of relapse.
Moreover, the Kaplan-Meier estimate of relapse during
12 mo follow-up was found to increase with increasing
MCS grade, with percentages of 0% for grade 1, 21% for
grade 2, 43% for grade 3, and 60% for grade 4. Although
MCS grade positively correlated with histological grade
and mucosal IL-8 activity, these latter parameters were
less accurate predictors of relapse. One reason may be
that they are assessed in biopsy specimens derived from
a specific and limited area of colorectal mucosa, whereas
magnifying colonoscopy allows the observation of a more
extended and representative area, and accordingly greater
accuracy by MCS grading[16]. These findings demonstrate
the usefulness of MCS in the evaluation of disease activity
and in predicting relapse in patients with ulcerative colitis.
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UC-ASSOCIATED COLORECTAL CANCER
AND DYSPLASIA
Colorectal cancer was first recognized as a complication
of UC by Crohn and Rosenberg in 1925[32]. UC-associated
colorectal cancer differs from sporadic colorectal cancer
in a number of ways: it is more common in younger
patients [33]; more frequently located in the proximal
colon [33]; difficult to detect by barium enema or even
by colonoscopy due to its widespread nature [34]; has
mucinous and signet-ring histopathological features in
approximately half of cases[35]; and is genetically different
from the adenoma-carcinoma sequence, with a dysplasiacarcinoma sequence now postulated[36]. Many reports have
demonstrated that dysplasia is a useful marker of UCassociated colorectal cancer. The object of surveillance
colonoscopy is the detection of dysplasia, particularly
a dysplasia-associated lesion or mass (DALM) [37,38]. A
classification for UC-associated dysplasia established
by the IBD study group in 1983 categorized high-grade
dysplasia (HGD), low-grade dysplasia (LGD), indefinite
dysplasia (IND) and negative[39]. IND is further classified
into three categories: probably negative, unknown and
probably positive.
Risk factors for UC-associated colorectal cancer
The risk of colorectal cancer is increased in patients
with UC, particularly patients who have more extensive
colorectal inflammation [31,40], and those with a longer
duration of colitis [41-43] have the greater risk. Some
reported that patients with an onset of colitis early in
life are thought to have a greater risk than older-onset
patients[31,42,44]. Further, a recent study by Rutter et al[45] has
shown that the severity of colonic inflammation is also
highly significant in terms of neoplasia risk.
Purpose of surveillance colonoscopy for high-risk patients
with UC
The purpose of surveillance colonoscopic examinations
for patients with UC is the detection of colorectal cancers
as early as possible, and prevention of cancer-associated
death. One study found that patients with UC-associated
colorectal cancer of Dukes' A and B showed good
survival, whereas those of Dukes' C showed an extremely
poor prognosis[46].
When and how frequently should surveillance
colonoscopy be performed?
UC-associated colorectal cancer is rarely encountered
when disease duration is less than 8-10 years, but risk
rises thereafter at approximately 0.5% to 1.0% per year[47].
Most cancers arise in pancolitis, and it is generally agreed
that there is little or no increase in risk associated with
proctitis and an intermediate risk with left-sided colitis[31,42].
A Swedish group performed a population-based study
composed of 3117 patients with ulcerative colitis and
concluded that those with total colitis have a far higher
risk for the development of colorectal cancer than those
with left-sided colitis[31]. In contrast, other reports state
that patients with left-sided colitis share the same risk as
those with total colitis[48,49] and that disease progression
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should be taken into consideration[50,51]. Guidelines from
the World Health Organization (WHO)[12] and American
Gastroenterological Association [52] recommend that
patients with pancolitis undergo surveillance colonoscopy
at 8 years after onset and those with left-sided colitis at
12-15 years. The recommended interval of surveillance
colonoscopy varies by report or guideline as either annual
or biannual. Annual colonoscopy will double the cost
but may increase sensitivity as compared to biannual
colonoscopy. Moreover, an additional consideration is that
UC-associated colorectal cancer may advance faster than
sporadic colorectal cancer. The answer to this question
awaits a cost-benefit analysis[53].
What is effective surveillance colonoscopy?
Following initial evidence that dysplasia, a precursor
of cancer, may arise in flat mucosa, and presents
as a widespread "field effect" distant to cancer sites
in 96%-100% of cases [54,55] , sur veillance protocols
recommend the detection of dysplasia by multiple nontargeted random biopsies throughout the colon. The
American Society for Gastrointestinal Endoscopy
Guidelines advise taking two to four non-targeted biopsies
for every 10 cm of colon and rectum[56]. It is still believed
that dysplasia is invisible at endoscopy [57], but some
reports state that magnifying chromoscopic examination
is useful for detecting that occurring in ulcerative
colitis[58-60]. Kiesslich et al[61] reported that methylene blueaided chromoendoscopy in UC surveillance was about
three times more useful than conventional colonoscopy
for detecting dysplasia, while Rutter et al[58] reported the
usefulness of pancolonic indigo carmine dye spraying.
The latter investigators compared biopsies of visible
abnormalities and non-targeted biopsies taken every 10
cm during a first conventional colonoscopic examination
with biopsies of any additional visible abnormalities
during a second chromoscopic examination [58] . No
dysplasia was detected in 2904 non-targeted biopsies. In
comparison, targeted biopsy protocol with pancolonic
chromoendoscopy required fewer biopsies (157) yet
detected nine dysplastic lesions, seven of which were only
visible after indigo carmine application. There was a strong
statistical trend towards increased dysplasia detection
following dye spraying. Careful mucosal examination aided
by pancolonic chromoendoscopy and targeted biopsy of
suspicious lesions may therefore represent a more effective
surveillance methodology than the taking of multiple nontargeted biopsies[58]. Further, Hurlstone et al[60] observed
intraepithelial neoplasia (IN) in flat mucosal change in
37 lesions, of which 31 (84%) were detected using HighMagnification-Chromoscopic-colonoscopy (HMCC), and
HMCC significantly increased diagnostic yield for IN
compared to conventional colonoscopy (P ＜ 0.01).
MCS and pit pattern diagnosis have been widely used
in Japan for non-colitic dysplasia lesions. This method
is useful in differentiating invasive carcinoma (Type IIIs,
V pit pattern), adenoma (Type IIIL, IV pit pattern), and
hyperplastic polyp (Type II pit pattern) [62]. Hata et al
examined surgical specimens of UC-associated colorectal
cancer by stereomicroscopy, and compared the pit pattern
with histopathology. In their study, Type IIIL, IV and V pit
www.wjgnet.com
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patterns corresponded well to dysplastic lesions, while the
type I pit pattern corresponded to nondysplastic lesions[59].
Hurlstone et al[60] also emphasized high correspondence
between pit pattern using HMCC and histopathology
in ulcerative colitis. However, UC-associated colorectal
cancer arises in the particular environment of ulcerative
colitis, and slight deviations in pit pattern of the mucosa
may be difficult to distinguish from epithelial regeneration.
Further, UC may also be associated with complex pit
patterns of the mucosa that cannot be classified according
to the criteria of Kudo [63]. These problems seriously
hamper the application of pit pattern diagnosis to UCassociated colorectal cancer surveillance.
On the other hand, some investigators doubt the
effectiveness of surveillance colonoscopy in terms of early
detection, survival and cost[64,65]. Axon et al[66] reviewed 12
studies of colonoscopic cancer surveillance and criticized
its effectiveness. In their review, 92 of 1916 patients were
found to have cancer and only 52 (57%) were in Dukes'
A or B. Patients with UC-associated colorectal cancer of
Dukes' A or B showed a good survival rate, while those of
Dukes' C had an extremely poor prognosis[46]. Further, 476
colonoscopies were needed to detect one UC-associated
colorectal cancer. The cost-effectiveness of surveillance
colonoscopy remains questionable[65-67]. Careful mucosal
examination aided by chromoscopy and MCS may be more
effective than that by conventional colonoscopy. Although
its effectiveness has not been established in terms of
cost and survival, surveillance colonoscopy should be
performed for patients with long-standing ulcerative colitis
until novel methods are established.
Management of dysplasia
While high grade dysplasia is an absolute indication for
total proctocolectomy, management of low grade dysplasia
is controversial. Some authors believe that LGD is a
useful marker in the detection of UC-associated colorectal
cancer. Nugent et al [48] reported that 4 of 10 patients
with LGD were found to have cancer, and another 2 had
HGD in colectomy specimens. Woolrich et al[68] reported
that 18% of patients with LGD later developed invasive
cancer, and recommended careful follow-up of these
patients. Bernstein reported that 29% of LGD patients
showed progression at some time to HGD, DALM, or
cancer. Further, he reported that patients with LGD had a
19% probability of having cancer at immediate colectomy,
and asserted that the finding of definite dysplasia of any
grade was an indication for colectomy[64]. Moreover, the
St Mark's Hospital surveillance study indicated the 5-year
predictive value of LGD for either HGD or cancer was
54% and recommended that patients with persistent
LGD should undergo proctocolectomy [69]. In contrast,
several authors doubt the usefulness of LGD as a marker
for UC-associated colorectal cancer. For example, some
LGD lesions have been reported to disappear at close
follow-up colonoscopy[34]. Rosenstock et al [13] reported
that only 1 of 39 patients with LGD developed invasive
carcinoma. Befrits et al[70] reported that colectomy does
not appear to be justified in patients in patients with LGD
in flat mucosa, even if it is repeated, as no progression to
HGD was observed during 10 years of follow-up. Lim et
www.wjgnet.com
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al[71] stated that LGD diagnosis is not sufficiently reliable
to justify prophylactic colectomy. Guidelines from the
WHO recommend that repeat surveillance colonoscopy
be performed at 3-6 mo in those with LGD, and that total
proctocolectomy is advisable if dysplasia is multifocal,
persistent, or shows DALM[12].
Sporadic adenoma or dysplasia in patients with UC
As sporadic adenoma is not infrequent in the general
population, incidental cases are also to be expected in
patients with UC. Although the detection of sporadic
adenoma on colonoscopy is feasible[37,48], a problem is the
difficulty in distinguishing this condition from dysplasia
in biopsy specimens [39,41]. In fact, several studies have
treated both sporadic adenoma and dysplasia as definite
dysplasia[70,72]. Suzuki et al[73] recommended taking several
biopsy specimens from the surrounding flat mucosa.
If specimens are negative for dysplasia, endoscopic
polypectomy followed by close surveillance colonoscopy
may be adequate. If positive, total proctocolectomy should
be considered [73]. Hata et al[59] expected the pit pattern
of the surrounding flat mucosa (not the lump itself) to
distinguish sporadic adenoma from DALM. In cases of
UC-associated dysplasia, the surrounding flat mucosa as
well as the DALM itself showed Type IIIL, IV pit pattern,
indicating that the dysplasia had spread beyond the lump.
With sporadic adenoma, the dysplastic pit pattern (Type
IIIL, IV) could be seen only on the surface of the lump, and
the surrounding flat mucosa showed a normal pit pattern
(type I ), indicating that the dysplastic area was confined
and thus that polypectomy was the treatment of choice.
Rutter et al [58] reported that small, well-circumscribed
lesions detected after dye spraying were endoscopically
resectable, and there has been growing evidence that
a proportion of such lesions can be safely removed
endoscopically without excess cancer risk[74,75].

CONCLUSION
UC is a chronic inflammatory disease which shows repeated patterns of activity and remission in most patients.
Magnifying colonoscopy is thought to be useful in the
evaluation of disease activity and may be useful for
predicting relapse in patients with UC. Patients with UC
are known to be at increased risk of the development of
colorectal cancer. Although its effectiveness has not been
established in terms of cost and survival, surveillance
colonoscopy should be performed for patients with longstanding UC until more effective methods are established.
MCS is thought to be useful for the early detection and
diagnosis of dysplasia and colorectal cancer. However,
differentiation of dysplasia from epithelial regeneration
is difficult both endoscopically and histopathologically.
Novel tools are needed to improve the management of
UC-associated colorectal cancer.
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Abstract
M a g n e t i c r e s o n a n c e c h o l a n g i o p a n c r e a t o g ra p hy
(MRCP) is being used with increasing frequency as
a noninvasive alternative to diagnostic retrograde
cholangiopancreatography (ERCP). The aim of this
pictorial review is to demonstrate the usefulness of
MRCP in the evaluation of pancreatic and biliary system
disorders. Because the recently developed techniques
allows improved spatial resolution and permits imaging
of the entire pancreaticobiliary tract during a single
breath hold, MRCP is of proven utility in a variety of
pancreatic and biliary disorders. It uses MR imaging to
visualize fluid in the biliary and pancreatic ducts as high
signal intensity on T2 weighted sequences and is the
newest modality for pancreatic and biliary duct imaging.
Herein, we present the clinical applications of MRCP
in a variety of pancreaticobiliary system disorders and
conclude that it is an important diagnostic tool in terms
of imaging of the pancreaticobiliary ductal system.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Magnetic resonance cholangiopancreatography (MRCP)
is a noninvasive imaging technique that accurately depicts
the morphological features of the biliary and pancreatic
ducts. By using heavily T2 weighted sequences, the signal
of static or slow-moving fluid-filled structures such as the

bile and pancreatic ducts is greatly increased, resulting in
increased duct-to-background contrast. Recent studies have
shown that MRCP is comparable with invasive retrograde
cholangiopancreatography (ERCP) for diagnosis of
extrahepatic bile duct and pancreatic duct abnormalities
such as choledocholithiasis[1-3], malignant obstruction of the
bile and pancreatic ducts[1,2], congenital anomalies[1,4], and
chronic pancreatitis[5,6]. Common indications for MRCP
usually include unsuccessful ERCP or a contraindication to
ERCP and the presence of biliary-enteric anastomoses. (e.g.
choledochojejunostomy, Billroth 2 anastomosis). In some
institutions, MRCP is becoming the initial imaging tool for
the biliary system, with ERCP reserved for only therapeutic
indications. In this article we present clinical applications of
MRCP in the pancreaticobiliary system pathologies including
choledocholithiasis, biliary strictures, chronic pancreatitis,
benign and malignant pancreatic neoplasms, pancreatic
pseudocysts, congenital abnormalities and postsurgical
biliary tract alterations.

TECHNICAL CONSIDERATIONS
During the MRCP examinations, respiratory motion
induced blurring has limited demonstration of the biliary
and pancreatic ductal system and different approaches have
been considered to overcome this problem. As a result,
the technical history of MRCP parallels the evolution of
progressively faster T2 weighted imaging sequences, i.e.,
from gradient-echo, to fast spin echo (FSE), to single-shot
fast spin-echo (SSFSE)[7]. SSFSE is a recently developed
ultrafast T2 weighted sequence, which allows subsecond
slice acquisition. This largely overcomes the problem of
motion artifact in MRCP, because physiologic motion is
"frozen", and imaging of the biliary and pancreatic ducts
can be performed in a single breath-hold[8].
SSFSE is the current sequence of choice for MRCP,
because it essentialy eliminates the problem of motion
artifact, and because of greater contrast-to-noise ratio
and increased spatial resolution when compared with FSE
or gradient-echo-based T2 weighted sequences[9]. MRCP
is usually performed by using SSFSE software and both
a thick-collimation (single-section) and thin-collimation
(multisection) technique with a torso phased-array coil. The
coronal plane is used to provide a cholangiographic display,
and the axial plane is used to evaluate the pancreatic duct and
the distal common bile duct. In addition we perform threedimensional reconstruction by using a maximum intensity
projection (MIP) algorithm on the thin-collimation source
images. Although the thick-collimation and MIP images
www.wjgnet.com
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Figure 1 A: Coronal FSE thin section source image, numerous hypointense calculi are seen filling the gall -bladder. There is also a small hypointense calcule located
at the distal CBD; B: Coronal FSE thin section source image, an approximately 3 cm long segment stricture along the distal CBD is seen in a patient with history of blunt
abdominal trauma; C: Axial FSE thin section source image, multifocal strictures and dilatations of the intrahepatic biliary ducts causing a beaded appearance in a patient
with sclerosing cholangitis.

more closely resemble conventional cholangiograms and
are familiar to many clinicians, spatial resolution is degraded
because of volume-averaging effects. Diagnostic decisions
are usually made on the basis of the thin-collimation
source images, however, MIP images often allow depiction
of a greater length of duct on a single image than on
any one thin-collimation source image. In addition, MIP
images are useful in the three-dimensional depiction of
ductal anatomy and in planning surgical procedures and
radiation therapy. On the other hand, the source images,
which provide greater spatial resolution, must be carefully
scrutinized so as not to overlook small luminal filling defects
and strictures, which may be obscured on the thickercollimation images.
In a study of 108 patients with a variety of biliary
and pancreatic diseases, bile duct stenoses, dilatation, and
stones were all better seen on source thin slices than on
either MIP reconstruction or single thick slice MRCP[10].
Another disadvantage of such techniques is that
periductal structures are deliberately excluded from the
final images, even though extraluminal detail may be of
critical importance, as in the assessment of neoplastic duct
obstruction.

specificities of 85%-100%[11].
Biliary stones, independently of calcium content,
present almost always a low signal intensity on MR images.
Therefore, the stone is identified as a round or ovalshaped "filling defect" within the common bile duct (CBD),
surrounded by the high signal intensity bile (Figure 1A).
Although spatial resolution of MRCP is lower than ERCP,
the higher contrast resolution allows 2 to 3 mm stones to
be easily detected[12].
It is crucial to scrutinize the thin, source images
because the sensitivity for detection of small stones
decreases with an increase in section thickness owing to
volume averaging of high signal intensity bile surrounding
the stone.
Nevertheless, different pitfalls can be observed which
requires correct identification in order to avoid wrong
diagnoses. They are represented by: a-artefacts on MIP
reconstructed images, b-CBD completely filled with stones,
c-pneumobilia, and, d-differential diagnoses between air
bubles and small stones.

MRCP IN BENIGN BILIARY STRICTURES

Patients should be fasting for approximately 4-6 h prior to
the exam to promote gallbladder filling and gastric emptying. Some authors have advocated the use of glugacon to
suspend peristalsis, but use of rapid pulse sequences obviated this requirement. We do not need an exogenous contrast to demonstrate the pancreatic and biliary ducts. The
long T2 of fluid compared with that of surrounding soft
tissues and of calculi provides sufficient intrinsic contrast.
Administration of a negative oral contrast helps reduce the
signal intensity from overlapping fluid in the stomach and
duedonum.

Benign biliary strictures are the result of surgical injury in
90%-95% of cases (laparoscopic cholecystectomy, gastric
and hepatic resection, biliary-enteric anastomoses, post
liver transplantation), external penetrating or blunt trauma,
inflammation associated with lithiasis, chronic pancreatitis,
stricture of the papillary region, toxic or ischaemic lesion
of the hepatic artery or primary infection such as in
primary sclerosing cholangitis[13].
MRCP has been shown to be comparable with ERCP
in demonstrating the location and extent of strictures of
the extrahepatic bile duct (Figure 1B), with sensitivities
of 91%-100% [14]. However, the accuracy in detections
of strictures of the intrahepatic bile ducts is under
investigation.

MRCP IN CHOLEDOCHOLITHIASIS

MRCP IN SCLEROSING CHOLANGITIS

MRCP is comparable with ERCP in detection of choledocholithiasis and superior to CT and US [2,3]. Numerous
studies have shown sensitivities of 81%-100% and

Sclerosing cholangitis is a fibrosing, inflammatory process
of the bile ducts that leads to sclerosis and stenosis of
both intrahepatic and extrahepatic bile ducts.

PATIENT PREPARATION
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Figure 2 A: Coronal MIP image, a hypointense solid mass involving both the left and right main hepatic ducts representing Klatskin tumor is seen. There is also proximal
dilatation of the bile ducts before the mass; B: Coronal MIP image, a dorsal pancreatic duct is seen coursing the CBD and draining into the minor papilla. A smaller ventral
pancreatic duct is draining into the major papilla together with the CBD; C: Coronal MIP image, clearly depicts the "double duct sign"; D: Coronal MIP image, a small
periampullary carcinoma leading to mild dilatation of both CBD and pancreatic duct.

Strictures are multifocal and alternate with slight
dilatation or normal-caliber bile ducts, producing a beaded
or "pruned tree" appearence (Figure 1C).
Because MRCP is not as sensitive as ERCP to the early
peripheral ductal changes of sclerosing cholangitis, it should
be reserved for diagnosis of complications or follow up of
more advanced cases.

MRCP IN CHOLANGIOCARCINOMA
Cholangiocarcinoma may present as a stricture, involving
the CBD (30%-36%), the common hepatic duct
(15%-30%), the biliary bifurcation, with the typical aspect
of Klatskin tumour (10%-26%), and the intrahepatic ducts
(8%-13%) with no evidence of mass lesion or as a nodular
process with intrahepatic solid mass. The MRCP features
are a sudden biliary obstruction with dilatation of bile
ducts above. In the case of Klatskin tumours, information
regarding the involvement only of the right or left biliary
system or both can be easily obtained, with important
consequences on therapeutic approach (Figure 2A).
Similiar to other neoplastic lesions, conventional MR
images are needed for correct lesion identification
and staging. In particular, for cholangiocarcinoma, T1
weighted images after contrast medium injection can be
very helpful in correct identification of the lesion and of
its relationship with surrounding organs, although in the
case of stenosing lesion, no expansile process is usually
identified.

MRCP IN BILIARY INJURIES
Initial studies suggest that iatrogenic biliary injuries are well
demonstrated at MRCP[15]. Bile leaks result in accumulation
of fluid, usually in the subhepatic space, which is readily
detected at MRCP. But MRCP can not determine if a
leak is active. Recently, there have been reports of use
of selective hepato-biliary contrast agent, mangafodipir.
This is metabolized by hepatocytes and excreted in bile.
This agent may prove useful in noninvasive detection of
active bile leaks[16], but prospective trials have not yet been
published.

MRCP IN THE CONGENITAL ANOMALIES
OF THE BILIARY AND PANCREATIC
DUCTS
A number of congenital variants in biliary duct anatomy
are of surgical significance, because they have been
shown to increase the risk of bile duct injury during
cholecystectomy. Such variants include a low cystic duct
insertion, a medial cystic duct insertion, a long parallel
course of the cystic and common hepatic ducts, a short
cystic duct, and an abberant right posterior sectorial duct
draining to the cystic duct or to the common hepatic
duct[4].
Using conventional cholangiography as the standart of
reference, MRCP had a sensitivity and specificity of 86%
and 100% in the diagnosis of cystic duct variants, and 71%
and 100% in the diagnosis of aberrant right hepatic duct,
respectively[4].
In nor mal individuals, the main pancreatic duct
(duct of Wirsung) drains through the major papilla;
this duct is the major drainage route of the pancreas in
91% of individuals. The accessory pancreatic duct (duct
of Santorini) drains through the minor papilla and is
present in 44% of individuals. Pancreas divisum, the most
common anatomic variant of the pancreas, results from
failure of fusion of the dorsal and ventral pancreatic ducts
and may be associated with an increase prevalance of acute
pancreatitis[5]. The larger, dominant dorsal pancreatic duct,
which drains the pancreatic tail, body, and superior head,
courses anterior to the CBD and drains into the minor
papilla separately from the CBD, superior to the major
papilla. The smaller ventral duct, which drains the inferior
pancreatic head and uncinate process, accompanies the
CBD into the major papilla (Figures 2B and 3A). Bret
et al[17] reported an accuracy of 100% for MRCP in the
diagnosis of pancreas divisum.

MRCP IN CHRONIC PANCREATITIS
The MRCP diagnostic criteria for chronic pancreatitis
include duct dilatation, narrowing, stricture, or irregularity[7]. Other possible imaging findings are irregularity of
www.wjgnet.com
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Figure 3 A: Coronal SSFSE thin section source image, the same duct abnormalities is clearly seen in a different patient with pancreas divisum; B: Coronal SSFSE
thin section source image, CBD and pancreatic duct showing conspicuous dilatation in a chronic pancreatitis patient; C: Coronal FSE thin section source image, large
pseudocyst formations are seen throughout the pancreas obscuring the CBD and pancreatic duct; D: Coronal FSE thin section source image, a large heterogeneous
high signal intensity pancreatic head adenocarcinoma causing dilatation of both CBD and pancreatic duct is seen; E: Coronal MIP image, there is moderate dilatation and
following abrupt but smooth tapering of CBD draining into the jejunum (choledochojejunostomy), also a small dilated cystic duct is seen. Remnant pancreatic duct in the tail
draining into the afferent jejunal loop (pancreaticojejunostomy). The patient had a history of whipple operation for pancreatic head adenocarcinoma.

pancreatic contour, pseudocysts, and ductal filling defects
due to stones, debris or mucinous plugs. In advanced
chronic pancreatitis, the duct dilatation is more marked and
can be accompanied by CBD dilatation producing "double
duct sign" as in the case of pancreatic head carcinoma
(Figure 3B).
In chronic pancreatitis intraductal calculi may be seen.
These calculi are seen as low signal filling defects surrounded
by high signal intensity pancreatic fluid (meniscus sign).
In severe pancreatitis, side branches have a "chain of lake"
appearance.
Soto et al[18] found the sensitivity of MRCP for dilatation
as 87%-100%, for narrowing 75%, and for ductal calculi
100%. The authors conclude that MRCP can accurately
demonstrate pancreatic duct abnormalities in chronic
pancreatitis.
However, because MRCP is probably not sensitive
to the early side-branch changes of chronic pancreatitis,
MRCP should be reserved for diagnosis of complications
or follow-up of more advanced cases. ERCP is more
sensitive to early side-branch changes because of its
increased spatial resolution.

PANCREATIC PSEUDOCYST
Pancreatic pseudocysts are encapsulated fluid collections
that may occur in association with acute or chronic
pancreatitis. (Figure 3C) MRCP is more sensitive than
ERCP in detection of pseudocysts because less than 50%
www.wjgnet.com

of pseudocysts fill with contrast material at ERCP [19].
However MRCP is less sensitive in demonstrating the site
of communication with the pancreatic duct.
Although as many as 60% of pseudocysts may
resolve spontaneously, others will become complicated
by infection or hemorrhage. MRI and MRCP are useful
in demonstrating pseudocysts and possibly their ductal
communications as well as in establishing the presence of
associated hemorrhage without the risk of infecting the
pseudocyst as may occur at ERCP.

MRCP IN NEOPLASTIC BILIARY OR
PANCREATIC DUCT OBSTRUCTION
Approximately 90% of malignant pancreatic neoplasms
are ductal in origin with most being adenocarcinomas.
Pancreatic carcinoma is seen as a focal mass in 95% of
cases, whereas diffuse involvement of the gland occurs in
the remaining 5%[20]. Of these focal carcinomas, 62% are
located in the pancreatic head, with the remainder located
in the body (26%) and tail (12%) of the pancreas[20].
The MRCP findings of pancreatic carcinoma include
encasement and obstruction of the pancreatic duct or bile
duct. Dilatation of both ducts constitutes the "double duct
sign", which is highly suggestive of but no diagnostic for
malignancy[14]. (Figure 2C and Figure 3D) In pancreatic
head carcinoma, biliary and pancreatic duct dilatation
occurs in 77% of cases, biliary duct dilatation in 9%, and
pancreatic duct dilatation in 12%[20].

Halefoglu AM. MRCP in the pancreaticobiliary disorders

However, a normal-sized pancreatic duct should not
cause this diagnosis to be excluded because the caliber
will be normal in up to 20% of patients with pancreatic
malignancy causing bile duct obstruction.
In a study of breath-hold SSFSE MRCP in 32 patients
with pathologically confirmed neoplastic duct obstruction,
the level of obstruction was correctly identified in 27
(84%) and 28 (88%) of the 32 cases by two independent
observers, respectively, and the site of underlying tumor
was correctly identified in 27 (84%) and 29 (91%) cases[21].
In cases of periampullary carcinoma, apart from the
CBD obstruction, high grade obstruction with abrupt
termination and mild dilatation of the pancreatic duct is
usually present[22] (Figure 2D).
MRCP is also useful in the evaluation of intraductal
papillary mucinous tumors. These tumors arise from the
epithelium of the main pancreatic duct or side branches.
They are slow-growing tumors characterized by production of large amounts of mucin. Side-branch ductal
involvement is typically associated with benign adenomas
and a localized cystic parenchymal lesion. Main pancreatic
duct involvement alone presents as diffuse duct dilatation,
gross mucin production, and micropapillary studding, and
is typically associated with malignancy[23,24]. The diagnosis
was traditionally made at ERCP. MRCP is now considered
superior to ERCP because of its ability to demonstrate
the full extent of ductal involvement, particularly when
obstructing mucin prevents complete ductal opacification
by ERCP[25]. In addition, MRCP can demonstrate main
ductal and side branch stenosis and dilatation, associated
cystic lesions, and communication between these lesions
and the ductal system[26]. Filling defects caused by papillary
projections may also be demonstrated.

PANCREATIC TRAUMA
Pancreatic injuries occur in 2%-12% of patients with
blunt abdominal trauma[27]. Disruption of the pancreatic
duct is a key prognostic indicator, and early diagnosis is
important. Although CT is a sensitive method for detecting
parenchymal injury, demonstration of duct injury often
requires ERCP[28]. MRCP has recently been advocated as
a noninvasive method for diagnosing pancreatic ductal
injury[29]. In a series of seven trauma patients reported by
Soto et al[30], MRCP accurately demonstrated the status of
the duct and the site of duct transection in all patients.
Though CT will likely remain the mainstay for diagnosis
of pancreatic injury, MRCP shows promise in the planning
of therapeutic surgical or endoscopic interventions in this
setting[30].

MRCP IN POSTSURGICAL BILIARY TRACT
ALTERATIONS
Biliary-enteric anostomoses such as choledocho-jejunostomy,
hepaticojejunostomy, and Billroth 2 anostomosis make
it difficult or impossible to access the major papilla at
endoscopy. In patients with such anastomoses, MRCP is the
imaging modality of choice for the work-up of suspected
pancreaticobiliary disease.
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It has been reported that MRCP is 100% sensitive in
detection of anastomotic strictures and 90% sensitive in
detection biliary tract stones proximal to the anastomosis[31].
MRCP is also 100% sensitive in demonstrating the
choledochojejunal anastomosis after a whipple procedure[1]
(Figure 3E).
Close scrutiny of the source images is mandatory
because the biliary-enteric anastomosis and stones can be
obscured on the thick-section and MIP images by the high
signal intensity of the surrounding bile and bowel fluid.
Strictures may be overestimated on the MIP images[31].

ADVANTAGES AND LIMITATIONS
A clear advantage of this technique is the lack of invasiveness. In addition, MRCP is not limited in patients with
altered anatomy (choledocho or pancreaticojejunostomy,
Billroth 2 etc.) and it is not operator dependent.
The current shortcoming of MRCP is its relatively low
spatial resolution which limits the visualization of nondilated pancreatic duct side branches and characterization
of strictures. This makes MRCP inable to assess small duct
disease. Examples of small duct disease include subtle
intrahepatic duct changes of sclerosing cholangitis, and
side branch changes of mild chronic pancreatitis. This
limitation is also partially related to the lack of duct
distension at MRCP.

CONCLUSION
In summary, MRCP is a non-invasive important tool in the
diagnosis of bilio-pancreatic diseases and has a comparable
accuracy to ERCP. Despite relatively low spatial resolution
when compared with ERCP the early assessments of
diagnostic performance suggest that MRCP can; (1)
reliably demonstrate normal and abnormal pancreatic and
biliary ducts, (2) accurately diagnose the cause and site
of obstruction, (3) be of diagnostic value when ERCP is
unsuccessful.
ERCP cannot be performed after biliary-enteric anastomosis when the anastomosis is beyond the duedonum,
as is frequently the case. Likewise, ERCP cannot be
performed after gastro-enterostomy such as a Billroth 2.
MRCP may be preferred to ERCP in patients with suspected solid extraductal masses, or cystic masses that
do not communicate with the duct system [21]. Patient
preference for non-invasive imaging may also be a consideration to perform MRCP rather than ERCP. It is likely that
in the near future MRCP will replace diagnostic ERCP
as the modality of choice for imaging the biliary and
pancreatic ducts.
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Abstract
The thrombophilia in adult life has major implications in
the hepatic vessels. The resulting portal vein thrombosis
has various outcomes and complications. Esophageal
varices, portal gastropathy, ascites, severe hypersplenism
and liver failure needing liver transplantation are known
well. The newly formed collateral venous circulation
showing itself as pseudocholangicarcinoma sign and
its possible clinical reflection as cholestasis are also
known from a long time. The management strategies
for these complications of portal vein thrombosis are not
different from their counterpart which is cirrhotic portal
hypertension, but the prognosis is unquestionably better
in former cases. In this review we present and discuss the
portal vein thrombosis, etiology and the resulting clinical
pictures. There are controversial issues in nomenclature,
management (including anticoagulation problems), follow
up strategies and liver transplantation. In the light of the
current knowledge, we discuss some controversial issues
in literature and present our experience and our proposals
about this group of patients.
© 2007 The WJG Press. All rights reserved.
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total obstruction of blood flow. This obstruction may
result from invasion of primary or secondary tumors of
liver and thrombosis of portal vein. The obstruction may
extend towards liver involving intrahepatic portal branches
or may extend distally to involve splenic or mesenteric
branches. In some occasions extensive involvement of
all of these vessels may occur with intestinal ischemia.
Therefore, the involved segment of portal venous system
and the degree of compensatory mechanisms determines
the clinical presentation. Although PVT has been observed
most commonly in the setting of cirrhosis or liver tumors,
the discussion of PVT from this point highlights chronic,
noncirrhotic and nontumoral PVT unless otherwise
mentioned.
PVT has important outcomes for the liver. On cessation
of blood flow liver loses about two thirds of its blood
supply. Interestingly, while acute arterial blockage usually
results in severe hepatic failure or death, this condition
is tolerated well and patients are almost asymptomatic
because of compensatory mechanisms. First compensatory
mechanism is the well-known "arterial vasodilation" of
the hepatic artery (which is a vascular reflex seen in every
dual-vessel supplied organ) also observed during portal
vein clamping in liver surgery [1]. This "arterial rescue"
stabilizes the liver functions at a normal level in the acute
stages of PVT. The second rescue mechanism is the
"venous rescue" involving rapid development of collateral
vessels to bypass the obstructed part. These vessels begin
to form in few days after the obstruction and organize
into a cavernomatous transformation in 3-5 wk[2,3]. This
condition has acutely developing harmful effects over
intestinal circulation compromising the patient's life before
development of portal hypertension and its results.
Beside these compensatory mechanisms, liver bears the
burden of decreased blood to a some extent. The decreased
portal blood flow stimulates apoptosis in hepatocytes of
rats when portal vein is obliterated in a gradual fashion[4] and
increases mitotic activity of hepatocytes in the unaffected
lobe. The latter effect is well-known from selective
presurgery portal vein obliteration performed in intent to
stimulate the hypertrophy of the opposite lobe of the liver
used in cancer surgery. Gradual loss of hepatic mass may
be responsible for the case of mild to moderate degree of
hepatic synthetic dysfunction noted in advanced stages.

INTRODUCTION

Prevalence of PVT

Portal vein thrombosis (PVT) refers to total or near-

The prevalence of PVT in the general population was
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studied recently in an autopsy study by Ogren M et al[5].
They found the population prevalence of PVT as high
as 1%. And they reported that in PVT patients 28%
had cirrhosis, 67% had liver malignancy (primary or
metastatic), 10% had inflammatory intraabdominal disease
and only 3% had myeloproliferative disease (MPD). This
result points out the overall prevalence of PVT is higher
than expected. It can be speculated that PVT is not
always symptomatic or result in complications like variceal
bleeding and ascites. The pathophysiological mechanisms
under these "silent PVT patients" are not clear.

Etiology
PVT has various causes. The design of the studies and the
limits evaluating the cause of PVT has changed parallel to
the evolution in medical and genetic technology. In previous
studies between 1979-1997, PVT were attributed mostly
to trauma (5%-17%), intraabdominal sepsis (5%-36%),
umbilical sepsis (5%-12%) [6] (important cause of PVT
in children), pancreatitis (4%-5%) and prothrombotic
disorders (2%-28%), but in nearly 50% of the patients
etiology remained unidentified[7-11]. But with the advent of
better medical care, potent antibiotic treatment, advanced
medical technology, discovery of various causes of genetic
thrombophilia and with better understanding of the
coagulation system, this profile has also changed.
Identification of etiology usually starts by exclusion of
local causes such as cirrhosis, primary or metastatic cancer
of liver, pylephlebitis, liver cysts, vascular abnormalities
(like webs or aneurysms) and pancreatitis. Beside routine
investigations such as liver biopsies or Doppler-USG
studies, magnetic resonance or CT based (3 dimensional
angiographic images also available) techniques are helpful
at this stage. If no local lesion is found, then the studies
are directed for a possible trombophilic condition. After
all, if no cause can be found, then the condition should be
named as "idiopathic PVT".
Denninger et al[12] reported that underlying prothrombotic
condition was identified in 72% of PVT patients. There
was one or more prothrombotic condition in 26 out of 36
patients studied and primary MPDs were found to be the
leading cause with a prevalence of 30%. Other studies by
Valla et al[13-15] and De Stefano et al[16] reported similar figures
that as a cause of PVT, MPD (overt or occult) rank first in
the thrombophilic conditions. Valla et al also proposed that
overt or latent MPD may be responsible for thrombophilic
milieu for PVT in 48% of patients.
An interesting improvement in the last decade is
the discovery of a mutation in Janus kinase 2 (V617F
activating tyrosine kinase mutation, JAK2) which leads to
MPDs. This discovery of JAK2 mutation is a milestone in
early diagnosis of overt or silent MPD[17-19]. The prevalence
of JAK2 mutation in PVT (splenic and mesenteric
vein thrombosis were also included) is studied in two
studies recently[20,21]. They found that JAK2 mutation was
present in 17.2%-35.6% of PVT patients. Although it is a
promising discovery, there are some drawbacks in JAK2
mutation analysis particularly in PVT (also effective for
Budd-Chiari syndrome). First, the diagnostic criteria for
MPD in PVT patient population should be refined and
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a guideline should be developed. Second, further studies
with large number of patients should be performed. Lastly,
JAK2 mutation is positive only in 50%-90% of patients
with overt or occult MPDs (depending on the subtype of
MPD) and should not be appointed as a gold standard
screening test for MPD. This topic is hot and open to
further studies.
To investigate PC, PS and AT deficiencies in patients
with PVT is a challenge for the clinician. It is difficult
to interpret when the results are found to be lower
than normal. There are studies researching whether the
low values are result of liver dysfunction or signal a
frank deficiency. One of the most important studies is
performed in children. Mack et al[22] studied the coagulation
parameters (including factors synthesized only in liver)
in 11 children with PVT who underwent a surgical
correction (mesenterico-left portal vein bypass: Rex Shunt)
of the portal venous system before and after surgery.
The investigators found a significant correction of both
coagulation factors (factors II, V and VII) suggested also
by improvement in prothrombin time and of PC and
PS levels after surgery. The same parameters studied in
other 2 children receiving distal splenorenal shunt in this
study and 7 children in an other study receiving H-type
mesocaval shunt[23] did not improve as the Rex shunting
supporting the importance of decreased portal vein flow
in the development of secondary PC and PS deficiencies.
Fisher et al[24] studied the same topic by combining the
family investigation of PC and PS deficiencies in patients
with PVT. They found out there were only 3 family cases
of natural anticoagulant deficiencies out of 18 patients
marking a secondary finding. Another support to this
finding and the previous results is that they have found
significant decreases in AT, PC and PS concentrations
after distal splenorenal shunt surgery (3 patients). All
the mentioned studies confirm the decreased portal
blood flow have a great impact over the synthesis of
natural anticoagulant and coagulant proteins. The shunt
procedures directing the blood from portal system towards
systemic circulation may worsen this as shown from
comparison of results of splenorenal shunt vs Rex shunt.
We think this phenomenon of secondary loss of coagulant
and anticoagulant proteins must be considered carefully
in clinal practice when anticoagulation with warfarin is
considered.
Secondary deficiencies of genetic thrombophilia causes
like AT, PC and PS is still a matter of diagnotic challenge.
To overcome this problem, there seems to be a narrow
range of solutions such as family study (first-degree
relatives) of deficient proteins in an attempt to detect
familial aggregation of mutant genes and primary genetic
studies of the patient to detect the mutant gene(s). These
studies are important but not practical and not applicable
in every facility. A practical screening method for detection
of natural anticoagulant deficiencies in patients with
liver disease was proposed by Pabinger et al[25] and used
first by Janssen et al [26] in a clinical study which uses
the ratio of natural anticoagulant factor to coagulation
factors (synthesized only in liver). The formula is the
ratio of PS or PC or AT (whichever tested) to [(factor II
+ factor X)/2]. If the result of this ratio is lower than
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Figure 1 A case of chronic PVT in which typical cavernous transformation is
observed. The computed tomography angiography of the portal vein shows
intensive collaterals around portal hilus and midline abdominal structures. Portal
vein is not visible and replaced by collaterals.

70%, then this may signal a shortage of the tested natural
anticoagulant protein significantly disproportionate to
decreased synthesis of proteins from liver. This formula is
easy to use in clinics and is practical to find out a possible
genetic deficiency.
PVT cannot be solely charged to one cause. It is now
widely accepted that the PVT occurs from both a primary
thrombophilic milieu and a cause that triggers the formation
of the pathological thrombus in portal circulation. The
aforementioned factors are considered as thrombophilic
background rather than the primary etiologic reason
according to multifactorial theory of thrombogenesis. The
other cofactors required to develop a thrombus can be
grouped as local and systemic factors most of which are
potentially curable or preventable factors.

Diagnosis
The PVT can be defined as presence of portal hypertension
(shown by presence of splenomegaly, esophageal or gastric
varices) and identification of tubular and serpentine vascular
structures resembling cavernoma at the site of hepatic hilum
replacing the portal vein. This anatomical description can be
made either by use of gray scale ultrasound (findings also
shown by Doppler-US) and the diagnosis was confirmed
by noninvasive radiological imaging techniques such as
computed tomography angiography (Figure 1) and magnetic
resonance angiography or digital splenoportography. All
the patients should undergo a thorough medical evaluation
including a detailed physical examination and questioning of
the history.

Clinical Outcomes
The outcomes of the PVT vary from one patient to another
and depend on some important factors. The condition
may present itself as one of its complications. But because
of lack of convincing evidence in the literature, the
most common early presentation of PVT (not related to
cirrhosis) is still not known. In our institutional experience,
most common presentation is variceal bleeding followed by
pancytopenia due to hypersplenism. Undefined cholestasis
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related to pseudocholangiocarcinoma sign (without icterus)
is also one of the rare presentations.
With the advent and wide distribution of USG and
Doppler-USG, the condition is becoming diagnosed earlier
and a patient presenting with ascites (which is a late finding
in course of PVT) is almost not seen. Webb and Sherlock[6]
reported in 1979 that out of 97 patients with PVT 13
presented with ascites in a high rate (13.5%). There are still
some PVT cases presenting as ascites in underdeveloped
parts of the world related to absence of early diagnosis
with similar rates around 13%[27].
Esophageal and gastric varices related bleeding
contribute to the most important cause of morbidity
and hospitalization in this group of patients. When
the characteristics of variceal bleeding are considered,
major differences between cirrhosis vs PVT related
bleeding must be pointed out. First, the risk of variceal
bleeding in cirrhosis is roughly 80-120 times more
than PVT (noncirrhotic) related variceal bleeding [28-30]
and esophageal varices (irrespective of size) are noted
in about 90% percent of patients. Gastric varices are
mostly seen concomitantly with esophageal varices
in about 40% of the patients in PVT while portal
gastropathy is also a rare feature of this condition[30,31].
Compared with portosystemic varices noted in cirrhotic
patients, the varices in PVT patients have some special
charateristics like; 1-"varice-on-varice" finding is less
commonly observed, 2-the sizes of the varices are smaller,
3-associated portal gastropathy is less commonly present[32].
The retrospective study (examined the determinants of
survival in a heterogenous group of patients including 124
noncirrhotic vs 48 cirrhotic PVT cases) of Janssen et al[28]
showed that either the presence of varices or bleeding
episodes of varices had no impact on survival rates and
the most common cause of death was malignancy related
causes. Twenty four percent of the study population had
malignancies like hepatocellular cancer, pancreatic cancer,
or other malignancy elsewhere metastatic to the liver which
presented itself in liver as PVT pointing to end stage
malignancies.
Although the risk of variceal bleeding is low in noncirrhotic patients, managing bleeding varices is not
different from cirrhotic patients. Unfortunately there
are no studies in the literature comparing endoscopic
procedures vs surgical procedures in acutely bleeding
varices and about the topic of primary prophylaxis.
We believe that primary prophylaxis with endoscopic
procedures in effort to clear varices should be applied
with careful surveying and secondary prophylaxis with
combination of endoscopic procedures and medical
treatment despite beta-blokers may work although there is
not objective and suffient evidence.
In contrast, beta-blockers may result in more sluggish
portal flow as is same issue for nitrates and terlipressin
increasing the risk of progression of thrombosis and even
worsening of portal hypertension. This decision must be
adjusted with the patient's condition rather than a standart
medical care.
One interesting and misleading clinical condition
that may occur during the course of the PVT is
www.wjgnet.com
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"pseudocholangiocarcinoma sign" (PSCS). After the
obstruction in the portal system, the "venous rescue"
begins to occur immediately which takes time about 5 wk[2]
forming new vessels around intrahepatic, extrahepatic
biliary tracts and around gallbladder (majorly, vascular
plexus of Saint and Petren enlarge and dilate to become
large serpentine vessels) named as "portal cavernomatous
transformation". Sometimes these vessels can be small
in caliber to visualize depending on the extent of portal
flow and capacity of new vessel formation, but if a careful
ERCP is performed the direct effects of these vessels over
biliary ducts or main bile duct as strictures, displacements,
thumprinting effects or irregularity can be seen in at
least 80% of the patients [30]. This condition mimics a
cholangiocellular cancer in ERCP and therefore called
PSCS[32,33].
The clinical impact of these changes results in a wide
spectrum of findings ranging from normal biochemical
and physical findings to overt cholestasis with increased
cholestatic enzymes and liver injury (rarely observed).
Although a the term called "portal biliopathy" and a
classification system is proposed[34] we believe that this
term and classification system are impracticable to use
because; (1) new collaterals form depending on the site
and level of portal vein obstruction, (2) wide range of
anatomical variations between human beings in this
anatomical site resulting in different types of cavernous
transformations, (3) the nature of new vessel formation
is unpredictable and not standart in all portal vein
thrombosis patients, d) the classification system does
not have impact over treatment or follow up strategy.
We propose that only defining the presence or absence
of PSCS is a satisfactory practice not to complicate the
picture further because the clinically obvious cholestasis
or jaundice is observed in only about 5%[35]. Therefore
this physiological compensatory response is not a "-pathy"
but just an adaptive change with a low degree of clinical
importance.
The clinically obvious cholestasis either presenting
itself as repeating biliary stones or cholangitis or liver
injury can be treated with conventional methods including
stenting, papillotomy or even surgery.
Hypersplenism is a finding of latent or chronic PVT
cases and this complication is important when anticoagulation treatment is considered. Hypersplenism is
almost always present except in the rare patient with a
partial thrombus in one branch of the portal vein with
the other branch remained intact presenting with a mild
degree of portal hypertension. The levels of all blood
elements begin to decrease as the condition worsens and
severe hypersplenism is now considered one of the most
important indications in this group of patients to undergo
a shunt surgery combined with or without a splenectomy.
In the clinical setting of hypersplenism with low platelet
counts combined with esophageal varices raises concerns
about the safety of anticoagulation. Unfortunately, the
literature lacks information about the safety and long-term
results of anticoagulation in well designed prospective
controlled studies. A study to clarify this controversial
topic was a retrospective analysis. In this study[29] Condat
et al included 136 PVT patients in whom 84 was receiving
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anticoagulant treatment. The study has some limits like
heterogenous groups (pretreatment endoscopies of all
patients and standardization of a homogeneous varice
distribution between two groups is not carried out) and
lack of information about comorbid conditions of the
engaging patients, but the study has a low statistical
degree of evidence to favor anticoagulation treatment.
Anticoagulation was not found to be a risk factor for
bleeding in this study while nonanticoagulation resulted
in more thrombotic recurrences as expected. From our
institutional experience, we believe that it may be a good
practice to select patients according to their co-morbid
conditions, degree of hypersplenism (low platelet counts
may be a relative contraindication for anticoagulation) and
the condition of varices (eradication combined with or
without medical prophylaxis before start of treatment may
be considered to decrese bleeding related risks).

Liver Transplantation in PVT
Previously (during the 1990s) PVT was an established
contrain-dication for liver transplantation. But this myth
has been vanished with great innovations in both medicalsurgical care and radiological interventions. Currently,
chronic PVT itself may present as an indication for liver
transplantation because of synthetic failure of liver.
Although either living donor liver transplanation (LDLT)
and deceased donor liver transplantation (DDLT) can be
performed, it is the experience and ability of the medical
care center that should make the final decision about the
type of transplantation. In various studies[36-41] it has been
shown that both surgical techniques (thrombectomy,
thromboendvenectomy with venous reconstruction,
interposition of vein graft, porto-caval hemitransposition
and others) and radiological endovascular interventions can
be used to overcome venous obstruction in the recipient[42].
A major drawback about these studies is that most of the
patient population is formed of PVT patients who had
underlying cirrhosis or hepatocellular cancer. Noncirrhotic
and nonmalignant chronic PVT patients form a minority.

Conclusion
We need further studies to outline and describe the indications for liver transplantation in this patient population.
Also it is essential to form universal anatomical classification system of PVT for a standard language in literature. In this regard, the system proposed by Yerdel et al[43]
can be suggested.
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Abstract
Glycogen storage diseases (GSD) are inherited metabolic
disorders of glycogen metabolism. Different hormones,
including insulin, glucagon, and cortisol regulate the
relationship of glycolysis, gluconeogenesis and glycogen
synthesis. The overall GSD incidence is estimated 1
case per 20 000-43 000 live births. There are over 12
types and they are classified based on the enzyme
deficiency and the affected tissue. Disorders of glycogen
degradation may affect primarily the liver, the muscle,
or both. Type Ia involves the liver, kidney and intestine
(and Ib also leukocytes), and the clinical manifestations
are hepatomegaly, failure to thrive, hypoglycemia,
hyperlactatemia, hyperuricemia and hyperlipidemia. Type
IIIa involves both the liver and muscle, and IIIb solely
the liver. The liver symptoms generally improve with age.
Type IV usually presents in the first year of life, with
hepatomegaly and growth retardation. The disease in
general is progressive to cirrhosis. Type VIand IX are a
heterogeneous group of diseases caused by a deficiency
of the liver phosphorylase and phosphorylase kinase
system. There is no hyperuricemia or hyperlactatemia.
Type Ⅺ is characterized by hepatic glycogenosis and
renal Fanconi syndrome. Type IIis a prototype of inborn
lysosomal storage diseases and involves many organs
but primarily the muscle. Types V and VIIinvolve only the
muscle.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Glycogen storage diseases (GSD) are inherited metabolic

disorders of glycogen metabolism (Figure 1) [1,2] . In
postprandial period, blood glucose level increases and
endogenous glucose production is suppressed. Exogenous
glucose is either metabolized to pyruvate or stored as
glycogen in the liver and skeletal muscle[1]. Under aerobic
conditions, pyruvate is converted to acetyl coenzyme
A (acetyl-CoA), which enters the citric acid cycle, the
products of which are water, carbon dioxide and adenosine
triphosphate (ATP) or used for the synthesis of fatty
acids. In contrast, under anaerobic conditions, pyruvate is
converted to lactate, which is an important alternative fuel
during episodes of hypoglycemia. Different hormones,
including insulin, glucagon, cortisol and others regulate the
relationship of glycolysis, gluconeogenesis and glycogen
synthesis[1].
Although it is hard to estimate accurately, based on
several studies, the overall GSD incidence is approximately
1 case per 20 000-43 000 live births and the most common
one is type IX[3,4]. They are classified based on the enzyme
deficiency and the affected tissue. Disorders of glycogen
degradation may affect primarily the liver, the muscle, or
both. In this review, GSD affecting the liver are discussed
mainly and the others briefly. Episodes of hypoglycemia
and enlargement of the liver are the main findings in
all hepatic GSD, but apart from this the heterogeneity
of their presentation is considerable. Eighty percent of
hepatic GSD is formed by types I, III, and IX[2].

GLYCOGEN STORAGE DISEASE TYPE 0
Glycogen storage disease type 0 (GSD-0; Glycogen
synthase deficiency) was first described in 1963 as glycogen
synthethase deficiency in the liver [5]. Because there is
a marked decrease in liver glycogen content, in fact,
GSD-0 is not a true GSD. Its gene locus is at 12p12.2 and
inherited as autosomal recessive[6].
There are wide phenotypical variations. The symptoms
are due to hypoglycemia and include lethargy, pallor,
nausea, vomiting, and sometimes seizures in the morning
before breakfast. Although developmental delay may
develop in some children, most children are cognitively
and developmentally normal. Some patients may survive
without symptoms or with very mild symptoms[7]. The liver
is not enlarged in GSD-0. Short stature and osteopenia
are common features, but other long-term complications,
common in other types of GSD, have not been reported in
GSD-0[8]. Rarely, GSD-0 may present with hyperglycemia
and glucosuria which may cause diagnostic problems[9].
Symptoms rapidly relieve by ser ving frequent
protein-rich meals and nighttime feedings of uncooked
www.wjgnet.com
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Figure 1 Simplified pathway of glycogen synthesis and degradation.

cornstarch (UCCS) (a slow release glucose preparation).
Gluconeogenesis and fatty acid oxidation are intact and
this explains a milder course of the disease than the other
hepatic glycogenoses. With more prolonged fasting,
however, severe hyperketonemia and high free fatty acid
level inhibit release of alanine from skeletal muscle leading
to decreased gluconeogenic precursors and worsening
hypoglycemia[8].
Elevation of blood lactate and lipid after administration
of glucose or galactose is a useful diagnostic test [1,9].
Demonstration of decreased hepatic glycogen on a liver
biopsy for the definitive diagnosis of GSD-0 has been
replaced by mutation analysis of the gene, which is a noninvasive method for making diagnosis[6].

GLYCOGEN STORAGE DISEASE TYPE   I
The deficiency of the glucose-6 phosphatase (G6Pase)
activity causes glycogen storage disease type I (GSD- I ;
Von Gierke disease; Glucose-6-phosphatase deficiency;
Hepatorenal glycogenosis). Both glycogenolysis and
gluconeogenesis are affected. G6Pase, the most important
role of which is to provide glucose during starvation, is
found mainly in the liver and the kidneys. It is associated
with the endoplasmic reticulum (ER) and functions as a
multicomponent system[10]. There are 4 subtypes depending
on the abnormality in G6Pase system. The catalytic subunit
of the system is located inside the ER and its defect causes
type Ia (GSD-Ia). Additionally, there are transporters for
the entry of substrate glucose-6-phosphate (G6P) into
the ER and for the exit of the products, phosphate and
glucose. The defect in the transporter of G6P (G6PT)
causes type Ib (GSD-Ib). The presence of further subtypes
(1c and 1d) has also been postulated.
The disease has an autosomal recessive transmission.
Its incidence is 1/100 000 to 1/400 000 births in the
general Caucasian population, with types 1b and 1c being
www.wjgnet.com
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much less frequent than type 1a, whereas its prevalence is
1 in 20 000 Ashkenazi Jews population[11]. Both the enzyme
and G6PT are already known at the molecular level.

Glycogen
Glycogen synthase
Branching enzyme
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GSD type Ia
Demonstration of the deficiency of G6Pase in GSD-Iin
1952 by Cori and Cori is the first specific enzymopathy
identified in a hereditary disorder[12]. In 1993, the gene
encoding the catalytic unit of the G6Pase complex was
identified to be located on chromosome 17[13]. Later on
its molecular and biochemical characteristics and the
expressed protein were reported[13-15].
Initial symptoms are due to hypoglycemia and occur
shortly after birth, and episodes do not respond to
glucagon administration. Main symptoms are tremors,
irritability, hyperventilation, cyanosis, apnea, convulsions,
paleness, sweating, cerebral edema/dysfunction,
coma and death, particularly in the morning or before
feedings. Older infants may present with a doll-like facial
appearance, frequent lethargy, difficult arousal from
sleep, tremors, overwhelming hunger, growth retardation,
protuberant abdomen, relatively thin extremities. There
is a tendency to nose bleeding due to impaired platelet
function, particularly in those with insufficient metabolic
control. During infectious diseases symptoms of severe
hypoglycemia are more frequent due to decreased appetite.
In middle childhood, affected patients may manifest
evidence of rickets and anemia[2,16,17]. Patients with GSD
I a as well as patients with GSD Ib may suffer from
intermittent diarrhea, which seems to worsen with age.
The cause of this diarrhea is unknown[18].
On physical examination the liver may be enlarged
at birth or it becomes enlarged in a very short time [2].
There is abdominal protuberance because of massive
hepatomegaly. With ageing, the patient may present with
poor growth, short stature, and rachitic changes[2]. Rarely,
xanthoma may be found on extensor surfaces, such as the
elbows and knees.
Most striking laboratory abnormalities, in addition
to hypoglycemia, are lactic acidosis, hyperlipidemia
(particularly hypertriglyceridemia), and hyperuricemia[2,16].
Transaminase levels usually increase slightly[2]. Kidneys
may be enlarged on ultrasonog raphic examination
in affected patients of all ages. Although there is
controversial report[19], serum biotinidase activity increased
in GSD-Ia patients[20,21]. There may be hypercalciuria[2].
Histopathological findings of the liver include mosaic
pattern with pale-staining, swollen hepatocytes, steatosis,
and nuclear hyperglycogenation (Figure 2). Although it
is not as prominent as that of GSD type III, IV and VI,
fibrosis is also present in some patients[2,22]. And although
triglyceride and cholesterol levels decreased in the majority
of the patients, they did not normalize[2].
In children, growth retardation is a remarkable finding
in the majority of the patients [2,23] and short stature is
common among adult patients [24]. In addition, without
effective treatment, long-term complications occur, namely
hepatic adenomas, renal dysfunction and urolithiasis,
osteoporosis, and gout. Hyperlipidemia may cause
xanthomas, pancreatitis, and cholelithiasis[17].
With ageing the prevalence of renal involvement
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Figure 2 Glycogen
storage disease
type I . Liver biopsy
showing mosaic
pattern, prominent
cell membranes
and rare nuclear
hyperglycogenation
(HE stain).

increases[25]. The first manifestation of renal involvement is
glomerular hyperfiltration, the mechanism of which is still
obscure. Renal disorder may progress to microalbuminuria,
proteinuria, hypertension and end-stage renal disease.
Hypercalciuria and hypocitraturia cause nephrocalcinosis
and/or urolithiasis[26]. Hypertension and hematuria are the
other findings[27,28]. The earliest pathological finding is focal
segmental glomerulosclerosis. Renal disease may progress
to chronic renal disease in adult patients [24,28] . Gout,
anemia, osteopenia and/or fractures, increased alkaline
phosphatase and gamma-glutamyltransferase are common.
Osteoporosis may be due to poor nutrition, the effects of
lactic acidosis and hypogonadism[29].
Hepatic adenoma may develop at any age[30] and may
undergo malignant transformation within a period as long
as 28 years[31-34]. Alpha fetoprotein levels may be normal
with malignant transformation or may be high without
malignant transformation although current guidelines
recommend abdominal ultrasonography with alpha
fetoprotein and carcinoembryonic antigen levels every 3
mo once patients develop hepatic lesions[34]. The reported
prevalence of hepatic adenoma ranges from 22% to 75%
and they mostly appear during or after puberty. Hepatic
adenoma and hepatocellular carcinoma (HCC) may be seen
in children younger than 1 year of age[35]. Abdominal CT
or magnetic resonance imaging (MRI) is advised when the
lesions are large or poorly defined or are growing larger[34].
A high glucagon/insulin ratio, glycogen accumulation in
cells and protooncogene/oncogene activation or mutation
has been proposed as pathogenesis.
Despite increased levels of triglyceride, VLDL and
LDL in GSD-Ia patients, endothelial vascular dysfunction
and atherosclerosis are rare. It has been postulated that the
raised apoE levels in the serum could play an important
role in counterbalancing the increased atherosclerosis risk
associated with the lipid profile of patients with GSD-Ia[36].
In 60% of GSD Ia patients von Willebrand factor (vWF)
antigen (vWF:Ag) and intensity of individual oligomers
are reduced[37]. This situation may also have a potential
role in the protection from vascular complications. This
result may also explain the bleeding tendency in GSD
type I patients. It has also been speculated that platelet
dysfunction in GSD Ia is caused by chronic hypoglycemia
leading to diminished glucose uptake into platelets and
eventually intracellular ATP deficiency[38]. In addition to
an increase of protective antioxidative factors recently
detected in this patient group[39,40], this could be due to

changes in coagulation factors.
Brain damage, probably caused by recurrent severe
hypoglycemia, may be present in patients with GSD-I[41].
Both results of tests of performance ability and brainstem auditory evoked potentials abnormalities significantly
cor related with the frequency of admissions for
hypoglycemia, whereas EEG abnormalities correlated
with dietary compliance. The MRIabnormalities were
characterized by dilatation of occipital horns and/or
hyperintensity of subcortical white matter in the occipital
lobes in all patients. Women with GSD- I a may have
pregnancies and deliveries without any problem[42].
GSD-Ia is usually suspected on the basis of a set of
clinical and biochemical features, the definitive diagnosis
being confirmed by a liver biopsy and enzyme assay
or, more recently, by mutation analysis. Therefore, the
development of rapid and minimally invasive diagnostic
methods continues to be a challenge. In GSD-Ia R83C and
Q347X are the most prevalent mutations in Caucasians,
130X and R83 C in Hispanics, and R83H in Chinese[43-45].
As plasma from healthy people do not contain it, plasma
α-hydroxyisobutyrate detected by 1H NMR spectroscopy
may be used as a possible biomarker for the diagnosis of
GSD1a[46]. Prenatal diagnosis by chorionic villus sampling
is possible when the mutation in index case is known[47].
The mainstay of treatment is to prevent hypoglycemia
either by continuously providing a dietary supply of
glucose, or by frequent ingestion of UCCS during day
and night or nocturnal intragastric feeding [48]. The use
of UCCS in adult patients with GSD-I has been shown
to be simple and effective for long-ter m treatment.
UCCS administration achieves satisfactory glycemia
lasting a median of 4.25 (range 2.5-6) h[49]. Good dietary
management minimizes the metabolic abnormalities
of the disease and decreases the risk of long-ter m
complications[17]. By controlling hypoglycemia the severity
of renal involvement may regress. Although there are
studies suggesting that intestinal glucose absorption may
be impaired in vitro and in vivo in subjects with GSD[50,51]
, in a recent study it has been shown
Ia and GSD-Ib
that starch digestion and absorption are not impaired in
GSD-Ia[52]. However, overall utilization of UCCS appears
to be lower in GSD-Ia, which is most likely secondary to
perturbed intermediary metabolism. Lactose, fructose and
sucrose should be restricted except for fruits, vegetables
and small amounts of milk products. Enough essential
nutrients, vitamins and minerals should be given. If there
is anemia, the causes must be evaluated and appropriate
treatment should be started (for a comprehensive dietary
therapy of GSD-I, see reference No 18).
Allopurinol (10 mg/kg per day, divided into 3 dosages)
should be given if hyperuricemia is present. If acidosis
is present (blood base excess < 5 mmol/L or blood
bicarbonate < 20 mmol/L), bicarbonate (1-2 mmol/kg per
day in 4 doses) or potassium citrate (5-10 mEq every 8-12 h)
should be prescribed[17]. It has been shown that angiotensin
converting enzyme inhibitors (captopril, ramipril) are
useful for preventing deterioration of renal function and
for decreasing albuminuria[53-55]. If serum triglyceride levels
remain above 10.0 mmol/L despite optimizing dietary
treatment, triglyceride-lowering drugs (nicotinic acid,
www.wjgnet.com
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fibrates) should be recommended to reduce the risk of
cholelithiasis and pancreatitis. In adult patients, statins may
be given if cholesterol levels are persistently elevated (>
8-10 mmol/L)[17].
Prior to elective surgery, bleeding time (platelet
aggregation) should be normalized by continuous gastric
drip feeding during 24 h for 1 wk or by intravenous
glucose infusion over 24-48 h [17]. Close peri-operative
monitoring of blood glucose and lactate concentration is
essential. Low-dose diazoxide may prolong normoglycemia
after meals, may reduce fasting lactic acidosis, and may
help catch-up growth[56]. The mode of action of diazoxide
seems to be linked to K [+]-ATP channel activation.
Despite improved survival and growth, long-term
complications of GSD-I have not responded completely to
dietary therapy with UCCS or continuous gastric feeding.
Administration of G6Pase in a viral vector and hepatocyte
transplantation are under investigation for treatment of
GSD-I[57].
Liver transplantation corrects all liver related biochemical abnormalities but its effect on reversal and/or
prevention of renal disease remains unclear[58-60]. Renal
transplantation corrects only renal abnormalities[61].
GSD type Ib
In 1968, a second type of GSD-I, GSD type Ib (GSDI b; Glucose-6-phosphate translocase deficiency), was
proposed after recognizing that in vitro G6Pase activity was
normal despite that glucose was not liberated from G6P
in vivo[62]. It was explained, in 1975, that there is a G6P
specific transport system that transports G6P from the
cytoplasm to the lumen of the endoplasmic reticulum[63].
Recently, the gene encoding G6PT has been identified on
chromosome 11q23, and sequenced[64,65].
In addition to clinical symptoms and findings seen in
GSD-Ia, recurrent infections, neutropenia, and neutrophil
dysfunction are recognized as distinctive features of GSDIb. Most but not all GSD-Ib patients have neutropenia
and neutrophil dysfunction that predispose to severe
infections and to inflammatory bowel disease[66]. Different
from G6Pase gene, G6PT gene is also expressed in
hematopoietic progenitor cells, which might explain
major clinical symptoms such as neutropenia and frequent
infections [67]. In GSD-Ib, neutrophils are defective in
both motility and respiratory burst[68]. This situation may
be due to the impaired glucose transport across the cell
membrane of polymorphonuclear leukocytes. It has been
suggested that microsomal G6P transport has a role in the
antioxidant protection of neutrophils, and that the genetic
defect of the transporter leads to the impairment of
cellular functions and apoptosis, which may be a potential
explanation for neutrophil dysfunction in GSD- I b [69].
There are GSD-Ib patients without neutropenia and it has
been proposed that it could be due to G6PT mutations
with residual transporter activity[70].
Another distinctive feature of GSD- I b is the
observation of inflammatory bowel disease (Crohn)-like
colitis[71,72]. All have absolute neutrophil count less than
1000 cells/mL. Fever, diarrhea, and perioral and anal ulcers
are the accompanying findings and symptoms. The severity
of the primary disorder is not correlated with the intestinal
www.wjgnet.com
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symptoms.
There is no correlation between genotype and the
presence of neutropenia, bacterial infections and systemic
complications in GSD-Ib[73].
They may have severe infectious complications due
to both neutropenia and functional defects of PMNs
and monocytes. Young children with GSD-Ib may have
frequent otitis, gingivitis, and boils. Like GSD Ia patients,
patients with GSD I b may suffer from inter mittent
diarrhea. Inflamed intestinal mucosa, documented by
increased fecal α1-antitrypsin excretion and inflammation
in the colonic biopsies, seems to be the main cause[66].
Although it is rare, terminal kidney disease may develop
in patients with GSD- I b and kidney transplantation
may be necessary [74] . Patients with GSD- I b have an
increased prevalence of thyroid autoimmunity and
hypothyroidism, although patients with GSD- I a have
little evidence of thyroid abnormalities[75]. Concomitant
damage at the level of the hypothalamus or pituitary
gland might be hypothesized on the basis of the slightly
elevated thyrotropin levels, even in patients with overt
hypothyroidism[75].
In the case of GSD-Ia, G6Pase activity is deficient in
both intact and disrupted microsomes; in that of GSDIb, a combination of deficient G6Pase activity in intact
microsomes and (sub)normal G6Pase activity in disrupted
microsomes is observed[17,76]. Normoglycemia even after
a 24 h-fasting period does not exclude the diagnosis of
GSD-Ib in a patient with hepatomegaly[77].
The current treatment for GSD-Ib consists of a dietary
therapy, including continuous nasogastric infusion of
glucose[78] or frequent oral administration of UCCS[49].
Additionally, granulocyte colony-stimulating factor
(G-CSF) therapy may restore myeloid functions [79,80].
The combined dietary and G-CSF therapies significantly
alleviate the metabolic and myeloid abnormalities of GSDIb patients and greatly improve their prognosis. However,
the underlying pathological process remains untreated
and as a result, long-term complications, such as kidney
disease in the form of renal calculi and progressive renal
disease, inflammatory bowel disease, hepatic adenomas
and following G-CSF therapy, splenomegaly, develop
in a significant portion of adult patients. Moreover,
the efficacy of dietary treatment is frequently limited
due to poor compliance. The patients with GSD- I b
may require liver transplantation to prevent malignant
transformation of hepatic adenomas and for refractory
hypoglycemia. Although hypoglycemia improves after liver
transplantation, neutropenia generally continues to be
present[60,74].
After infusion of adenoviral vectors containing
human G6PT into G6PT-deficient mice that manifested
symptoms characteristic of the human disorder, levels of
G6PT mRNA expression in the liver, bone marrow and
spleen were restored, and metabolic as well as myeloid
abnormalities were corrected[81]. The therapy also corrects
neutropenia and lowers the elevated serum levels of
granulocyte colony-stimulating factor. This effective use of
gene therapy to correct metabolic imbalances and myeloid
dysfunctions in GSD-Ib mice holds promise for the future
of gene therapy in humans.
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GSD type Ic and Id
Liver microsomal transport of phosphate and glucose
is deficient in GSD- I c and I d (GSD- I c and GSD- I d),
respectively. Molecular analyses showed that clinically
and biochemically diagnosed type I c and I d patients
had mutations not different from those of the GSD[82,83]
. The fact that the same mutations were
Ib patients
found in GSD types I b and I c could indicate either
that Pi and G6P are transported in microsomes by the
same transporter or that the biochemical assays used to
differentiate Pi transpoter defect from G6P transport
defects are not reliable. It has also been shown that there
is no correlation between the mutation and the severity of
the disease, including the presence of neutropenia[84].
Recent data indicates that mutations in the G6Pase
gene and in the G6PT gene account for most, if not all,
typical cases of GSD type I and it has been stated that in
practice there are only 2 subtypes of GSD-I( Ia and Ib)
and the existence of other forms of GSD-I remains to
be substantiated[10]. However, patients with kinetic and
enzymatic pattern indicative of GSD I c and with no
mutations in both the G6Pase enzyme and the G6PT have
been reported recently[85]. This raised the question of the
existence of a separate locus for GSD Ic. Na/phosphate
co-transporter 4, expressed in the liver and kidney, is
localized to the ER membrane and is a candidate for GSD
[85]
Ic .

GLYCOGEN STORAGE DISEASE TYPE III
Glycogen storage disease type III(GSD-III; Cori disease;
Forbes disease; Amylo-1,6-glucosidase deficiency;
Glycogen debrancher deficiency) results from deficient
glycog en debrancher enzyme activity, which has
two independent catalytic activities; oligo-1,4-1,4glucantransferase and amylo-1,6-glucosidase. Both catalytic
activities are required for normal full debranching enzyme
activity[86]. Deficiency in the enzyme results in an excessive
accumulation of abnormal glycogen, which is harmful for
hepatocytes. The enzyme gene was isolated on 1p21, and
nucleotide sequence and multiple tissue-specific isoforms
have been identified[87,88].
GSD-III accounts for approximately 24% of all GSD
cases, and its estimated incidence in Europe is 1 case per
83 000 live births, and 1 in 100 000 live births in North
America[89]. The highest known GSD-III prevalence occurs
in the Faroese population of the Faroe Islands, where the
estimated incidence is 1:3600 due to a founder effect[90].
There is no genotype and clinical phenotype correlation.
The variable phenotype of GSD-III patients is explained by differences in tissue expression of the deficient
enzyme[86].
There are two major GSD-III subtypes; GSD IIIa, which
affects both the liver and muscle, accounts for 80% of
the cases and IIIb, which affects only the liver, comprises
approximately 15% of all GSD-III patients[24,91]. In rare
cases, selective loss of glucosidase activity (GSD-IIIc) or
transferase activity (GSD-IIId) has been demonstrated[92,93].
Hepatomegaly, hypoglycemia, short stature, dyslipide-
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mia, and in a few cases, slight mental retardation are seen
in both subtypes. Muscle symptoms can start together
with liver disorders or long after hepatic disorders or
after liver symptoms disappeared in childhood. In a small
group of the patients there are only muscle symptoms
as adults without any sign or history of liver dysfunction
after childhood[94,95]. Liver symptoms improve with age
and usually disappear after puberty. Overt liver cirrhosis
occurs rarely [86,95]. Muscle weakness, although minimal
during childhood, may become the predominant feature
in adults with type III a disease [96] . In these patients,
slowly progressive weakness and distal muscle wasting
are observed. In the majority of III a patients there is
cardiac involvement with different severity ranging from
ventricular hypertrophy on ECG to clinically evident
cardiomegaly[97].
Facial abnormalities (depressed nasal bridge and a
broad upturned nasal tip, indistinct philtral pillars, bowshaped lips with a thin vermillion border, and deep-set
eyes in younger patients) may be present in the patients[98].
Children may complain of persistent otitis media or
recurrent sinusitis.
During infancy serum AST, ALT, LDH, and ALP levels
are markedly elevated. Their levels decrease around puberty
concomitantly with a decrease in liver size. Creatine kinase
level is increased in patients with muscle involvement and
can be used to determine muscle involvement[96]. However,
a normal level does not rule out the presence of muscle
enzyme deficiency[99,100].
Some GSD-III patients may be at an increased risk
of osteoporosis[29], which, in part, may be due to poor
nutrition, the effects of lactic acidosis and hypogonadism.
Although hepatic involvement is considered mild, with
increased survival, a few cases of liver cirrhosis and HCC
have been reported[101]. There are no reliable biomarkers to
monitor for HCC in GSD-III. Development of guidelines
to allow for systematic review and microarray studies are
needed to better delineate the etiology of the HCC in
patients with GSD-III.
There are usually periportal fibrosis, and sometimes
progress to micronodular cirrhosis. Liver histology shows
distension of hepatocytes by glycogen accumulation,
and presence of periportal septal fibrosis, early in the
disease process, perhaps related to the accumulation of
abnormally short-branched glycogen[95].
The diagnosis of GSD-III is made by demonstrating
enzyme deficiency in the liver or muscle. Where it is
possible, mutation analysis serves a non-invasive and easy
method for diagnosis[96]. Deficient enzyme activity can
be demonstrated in these patients not only in the liver
and muscle but also in other tissues, such as the heart,
erythrocytes, and cultured fibroblasts.
Treatment for GSD- III is primarily dietary and is
aimed at maintaining normoglycemia. This is achieved
by frequent meals high in carbohydrates and cornstarch
supplements alone or with gastric tube feedings. For
patients with myopathy, in addition to management of
hypoglycemia, a high protein diet is recommended[60,101].
Liver transplantation corrects all liver related biochemical
abnormalities but the long-term success with regard to
myopathy/cardiomyopathy is not known[60].
www.wjgnet.com
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GLYCOGEN STORAGE DISEASE TYPE IV
Glycogen storage disease type IV (GSD- IV ; Andersen
disease; Brancher deficiency; Amylopectinosis; Glycogen
branching enzyme deficiency) was first described by
Andersen [102] in 1956 as "familial cirrhosis of the liver
with storage of abnormal glycogen" and, in 1966, a
deficiency of amylo-1, 4 to 1, 6-transglucosidase (glycogen
branching enzyme) was reported [103]. Without glycogen
branching enzyme, the glycogen cannot be branched
and abnormal glycogens resembling an amylopectinlike structure (polyglucosan), which is harmful for cells,
accumulate in various tissues including hepatocytes and
myocytes[104,105]. The gene of the enzyme was mapped to
chromosome 3p12 in 1993[105]. Mutation in the same gene
causes adult polyglucosan body disease. It represents 0.3%
of all glycogen storage diseases, and is transmitted as an
autosomal recessive trait[106].
GSD-IV is clinically extremely heterogeneous, owing
in part to variation in tissue involvement [104,106] . The
existence of tissue specific isozymes may be responsible
for remarkable phenotypic variability of the disease. In the
classical hepatic form, the patient appears normal at birth.
But the disease rapidly progresses, early in life, to cirrhosis,
and causes death due to liver failure between 3 and 5 years
of age[102]. Affected children present with failure to thrive,
hepatosplenomegaly and cirrhosis in the first 18 mo of
age. Rarely, the hepatic disease is non-progressive or slowly
progressive[107]. In non-progressive hepatic form patients
may present with hepatosplenomegaly and a mild elevation
of serum transaminases. Generally patients do not show
any further progression of disease and growth is normal
and liver enzymes may return to normal[107].
In multiple system involvement, the deficiency of
the enzyme was detected in both muscle and the liver[108].
This includes peripheral myopathy with or without
cardiomyopathy, neuropathy, and liver cirrhosis. The
age of onset ranges from neonatal to adult age[109]. The
neuromuscular presentation is divided into 4 groups
according to age at onset [110]. In perinatal (fetal) form,
which may cause hydrops fetalis and polyhydroamnios,
the affected baby shows arthrogryposis of the limbs due
to akinesia[111]. The presence of cervical cystic hygroma
during pregnancy may be a warning sign of the disease[106].
Prenatal diagnosis is possible by determining enzyme
activity or chorionic villi sampling. Death is inevitable in
the neonatal period. Liver cirrhosis and hepatic failure
have not been described. In congenital form, the patients
have severe hypotonia, hyporeflexia, cardiomyopathy,
depressed respiration and neuronal involvement[104,112-114].
Liver involvement is not severe and the child dies in early
infancy. Childhood neuromuscular form presents with
myopathy or cardiopathy starting at any age[110,115]. The
main presenting symptoms are exercise intolerance,
exertional dyspnea and congestive heart failure in
progressed cases. The disorder may be limited to muscle
tissue and serum creatine kinase may be normal. In adult
form, there is isolated myopathy or polyglucosan body
disease. The symptoms begin at any age in adulthood and
may resemble muscular dystrophies; progressive difficulty
www.wjgnet.com
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Figure 3 Glycogen
storage disease
type  IV. Liver biopsy
shows diffuse
deposition of PAS
positive amylopectin
like material in
hepatocytes (PAS
stain).

in walking, and proximal limb weakness which was greater
in the arms than the legs. Upper and lower motor neurons
are involved. The disease may present as pyramidal
tetraparesis, peripheral neuropathy, early neurogenic
bladder, extrapyramidal symptoms and seizures, and
cognitive impairment terminating in dementia [111]. The
diagnosis can be made by studying enzyme activity
in erythrocytes [116,117]. Ultrastructural examination of
the central nervous system and skeletal muscle reveals
amylopectin-like inclusions both in neurons and muscular
fibers. MRIshows white matter abnormalities[118].
H i s t o l o g i c a l e x a m i n a t i o n o f t h e l ive r s h ow s
hepatocellular periodic-acid Schiff positive, diastaseresistant inclusions of the abnormal glycogen deposits
(Figure 3). T he enzyme deficiency can usually be
demonstrated in the liver, leukocytes, erythrocytes and
fibroblasts although normal leukocyte enzyme activity may
be detected in patients with cardioskeletal myopathy[104].
Microscopic examination of tissues, demonstration of
enzyme deficiency and mutation analysis confirm the
diagnosis of GSD-IV[104,112].
The only effective therapeutic approach presently
available for GSD- IV patients with progressive liver
disease is liver transplantation. Liver transplantation
may be helpful not only for liver disease but also for
muscular involvement[60,119,120]. This may be due to systemic
microchimerism after liver allotransplantation and
amelioration of pancellular enzyme deficiencies.

GLYCOGEN STORAGE DISEASE TYPE VI
Glycogen storage disease type VI(GSD-VI; Hers disease;
Liver glycogen phosphorylase deficiency) is a rare form
of GSD. Enzyme deficiency is only in the liver. The gene
encoding liver phosphorylase was mapped to chromosome
14q21-q22 in 1987[121].
Phosphor ylase deficiency in the liver manifests
in infants, primarily with hepatomegaly and growth
retardation. It typically takes a benign course, with
remission of symptoms as the children grow up [122] .
The clinical picture changes from mild to moderate
hypoglycemia. Despite gross hepatomegaly patient
is largely asymptomatic without hypoglycemia. Some
mutations permit residual enzyme activity and the disease
is less severe in the patients with these mutations[123]. There
are generally mild ketosis, growth retardation, prominent
hepatomegaly and elevated levels of serum transaminases,
triglycerides and cholesterol [124], although biochemical
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investigations are normal in patients with high residual
enzyme activity[123].
In some patients, high in vitro residual enzyme activities
may be unfavorable for the establishment of a definitive
diagnosis by an enzymology alone and mutation analysis
of the genes encoding for the responsible enzymes may
help in these situations[123,124].

PHOSPHORYLASE ACTIVATION SYSTEM
DEFECTS
Phosphorylase kinase (PhK) activates glycogen phosphorylases in muscle, the liver, and other tissues. The
numbering of PhK deficiency (Phosphorylase kinase
system defects; GSD VI a, IX , X , or VIII ) is confusing,
ranging from type VIa to VIII to IX. PhK consists of 4
different subunits (α, β, γ, δ), each encoded by different
genes on different chromosomes and differentially
expressed in various tissues[125]. α and β subunits have
regulatory functions, γ subunit has catalytic function, and
2+
δ Ca binding function. The α subunit has two isoforms,
a muscle isoform and a liver isoform, which are encoded
by two different genes on X chromosome[125]. The genes
for other subunits are located on autosomal chromosomes.
The types involving the liver are mainly classified into 2
forms; the X-linked liver form (there are 2 subtypes; XLGI and X LG- II ) and autosomal recessive form. The four
main clinical variants, in order of decreasing incidence,
affect the liver, liver and muscle, muscle only, and heart
only[126,127].
X -linked liver phosphorylase kinase deficiency
X -linked liver phosphorylase kinase deficiency ( X LG;
X-linked liver glycogenosis type I and type II, formerly
GSD-VIII or GSD-VIa) is one of the mildest of GSD and
is similar to GSD-VI in that both have low phosphorylase

activity in the absence of adenosine monophosphate. The
cause of approximately 25% of all cases of GSD can be
ascribed to a deficiency of PhK, among which XLG is the
most common type[128]. There are 2 enzyme loci on the X
chromosome: one for the alpha subunit of muscle PhK,
and one for the alpha subunit of liver PhK. The gene of
liver PhK was mapped to Xp22.2-p22.1 in 1992[125].
The common symptoms and findings are hepatomegaly,
growth retardation, delay in motor development, hypotonia,
elevation of ALT, AST, cholesterol and triglyceride, and
fasting hyperketosis and hypoglycemia[129-132]. Splenomegaly,
liver cirrhosis, doll facies, osteoporosis, neurologic disease,
elevated serum lactate, metabolic acidosis and renal tubular
acidosis have been described very rarely. The clinical course
is benign and most adult patients are asymptomatic[130]. With
ageing, clinical and biochemical abnormalities gradually
disappear.
There are 2 types of the disease; classic type (type I)
and the variant type (type II)[133]. Type II is characterized by
enlarged liver and growth retardation and does not show
enzymatic deficiency of phosphorylase kinase in blood
cells different from type I[128].
Autosomal liver and muscle phosphorylase kinase (beta
subunit) deficiency
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T he disorder is caused by mutations in the g ene,
localized on 16q12-q13, encoding the beta subunit of
phosphorylase kinase[134]. The disease is characterized by a
distended abdomen due to marked hepatomegaly, marked
accumulation of glycogens in both the liver and muscles,
and hypoglycemic symptoms after several hours of fasting
or physical activity[134,135]. The symptoms are generally mild
or absent, affecting virtually only the liver. Growth is also
mildly impaired.
Autosomal liver phosphorylase kinase (gamma
subunit) deficiency (testis/liver; cirrhosis due to liver
phosphorylase kinase deficiency)
There are two isoforms, encoded by separate genes, for
the gamma subunits; the muscle form and the testis/liver
form. It has been reported that autosomal liver-specific
PhK deficiency is associated with mutations in the gene
encoding the testis/liver isoform of the catalytic gamma
subunit [136]. The gene for liver form has been mapped
to 16p12.1-p11.2. Mutations in this gene are particularly
associated with an increased risk of cirrhosis[137].

GLYCOGEN STORAGE DISEASE TYPE XI
The primary defect is defective transport of monosaccharide
across the membranes. Utilization of glucose and galactose
is impaired[138]. Glycogen storage disease type XI(GSD-XI;
Fanconi-Bickel Syndrome, FBS) is rare and characterized
by hepatorenal glycogen accumulation and proximal renal
tubular dysfunction[139,140]. It is inherited in an autosomal
recessive mode and the responsible gene, glucose transport 2
gene (GLUT2), was localized to 3q26.1-q26.3 in 1988[141,142].
Patients usually first present at an age of 3 to 10 mo.
The desease is characterized by hepatorenal glycogen
accumulation, fasting hypoglycemia as well as postprandial
hyperglycemia and hypergalactosemia, proximal renal tubular
dysfunction, rickets and marked stunted growth retardation.
The most striking finding is dwarfism in older patients.
Puber-ty is severely retarded. Protuberant abdomen due
to hepatomegaly, moon-shaped face, and fat deposition in
the shoulders and abdomen are the other striking findings.
Hepatomegaly may be absent in some patients [140,143] .
Hypercholesterolemia and hyperlipidemia are pronounced
and may cause pancreatitis. Generalized osteopenia develops
early and may lead to fractures. Hypophosphatemic rickets
and osteoporosis later in life are constant features. Tubular
nephropathy was characterized by excessive glucosuria, and
moderate hyperphosphaturia in the presence of constant
hypophosphatemia, hyperuricemia, hyperaminoaciduria, and
intermittent albuminuria (renal Fanconi syndrome)[138,139].
Progression to renal failure is not the case. There may be
mild metabolic acidosis due to renal bicarbonate loss[138].
Cataracts, a consequence of frequently documented
hypergalactosemia, are only seen in a few cases.
Laboratory findings are fasting hypoglycemia and
ketonuria, hyperglycemia and hypergalactosemia in
the postabsorptive state, hypercholesterolemia and hyperlipidemia, moderately elevated ALP, hypophosphatemia,
hyperaminoaciduria, glucosuria, g alactosuria, and
proteinuria, normal enzymes of galactose and glycogen
metabolism, normal fructose metabolism, and normal
www.wjgnet.com
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endocrinologic results[138]. Liver biopsy reveals excessive
glycogen accumulation with steatosis. Because of galactose
intolerance, patients with FBS can be detected by neonatal
screening for galactose[138,143,144].
Symptomatic treatment is directed towards a stabilization of glucose homeostasis and compensation for
renal losses of various solutes, which include replacement
of water, electrolytes, and vitamin D, restriction of
galactose, and a diabetes mellitus-like diet, presented
in frequent small meals with adequate caloric intake,
the administration of UCCS[138,143,145]. Because fructose
metabolism is not affected in FBS patients[146], it can be
used as an alternate carbohydrate source in the therapy
of FBS. Liver size and glycogen content reduce after
antiketogenic diet[138].
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sensitive test for diagnosis[156]. It is abnormal in more than
95% of the patients. The final diagnosis is established after
measuring the enzyme activity in skin fibroblasts or muscle
or demonstrating the mutation.
A high-protein, low-carbohydrate diet is beneficial
in adult patients [157,158] . In 2001, recombinant alphaglucosidase infusion improved cardiac function and
skeletal muscle functions[159]. This resulted in approval
of enzyme replacement therapy for Pompe disease in
2006. Furthermore, the development of experimental
therapies, such as adeno-associated virus vector-mediated
gene therapy, holds promise for the availability of curative
therapy in GSD I and GSD II /Pompe disease in the
future[57].

GLYCOGEN STORAGE DISEASE TYPE V
GLYCOGEN STORAGE DISEASES
INVOLVING MUSCLE: GLYCOGEN
STORAGE DISEASE TYPE II
Acid maltase deficiency (GSD-II, Pompe disease; Acid
alpha-glucosidase deficiency; Acid maltase deficiency;
Alpha-1, 4-glucosidase deficiency) is the prototypic
lysosomal storage disease. The clinical presentation is
heterogeneous, largely due to the varied of residual enzyme
activity, which is associated with different mutations in
the responsible gene, which is mapped to chromosome
17q25.2-q25.3[147].
There are 4 types of GSD-II. The combined frequency
of infantile and adult GSD- II is around 1/40 000 in
Caucasians[148]. In the classic infantile form (Pompe disease),
cardiomyopathy and muscular hypotonia are the cardinal
features; in juvenile and adult forms, involvement of skeletal
muscles dominates the clinical picture[149]. There is an inverse
correlation between the severity of clinical manifestations
and the level of residual enzyme activity in fibroblasts[150].
The mutation may, therefore, affect the production or
degradation of the enzyme rather than its catalytic function.
In classic form, the enzyme is deficient in all tissues,
but the liver is rarely enlarged, except as a result of heart
failure. Hypoglycemia and acidosis do not occur. Death
usually occurs in the first year of life. In the second
type, the infantile form, there are traces of acid maltase
activity, cardiomyopathy is less severe and there is no left
ventricular outflow obstruction[151,152]. In juvenile and adult
forms disease severity increases with disease duration, but
is not related to the age of the patients. However, there is
a subset of patients under age 15 years with a more severe
disease, requiring increased use of ventilatory support,
wheelchair support, and nutritional support. WolffParkinson-Syndrome and second degree atrioventricular
block may be due to GSD type II [153] . Accumulation
of glycogen in vascular smooth muscle may cause the
development and rupture of aneurysm[154]. Severe infantile
and asymptomatic adult forms have been reported in 2
generations of the same family[155].
Laboratory testing reveals elevations in CK, aldolase,
ALT, AST, and lactate dehydrogenase. ALT and AST
usually represent the muscle fraction. CK elevation is a
www.wjgnet.com

Glycogen storage disease subtypes V (GSD-V; McArdle
disease; Myophosphorylase deficiency; Muscle glycogen
phosphorylase deficiency) is caused by mutation in the
gene encoding muscle glycogen phosphorylase, localized to
11q13 by fluorescence in situ hybridization[160]. The clinical
symptoms usually begin in young adulthood with exercise
intolerance and muscle cramps. Transient myoglobinuria
due to rhabdomyolysis may occur after exercise and may
cause acute renal failure. Patients may report progressive
muscle weakness, myalgia, and lack of endurance since
childhood or adolescence[161].

GLYCOGEN STORAGE DISEASE TYPE VII
The gene responsible for glycogen storage disease type
VII(GSD-VII; Tarui disease; Muscle phosphofructokinase
deficiency; Glycogen storage disease of muscle) is
on chromosome 12q13.3 [162] . Muscle cramps and
myoglobinuria with exercise are features of glycogen
storage disease type VII as in McArdle disease. At rest
no abnormalities are found on neurologic examination.
Weakness and stiffness invariably appear in muscle
groups subjected to vigorous or prolonged exertion.
Upon ischemic exercise test, venous lactate fails to rise.
Myoglobinuria may occur after exercise[163].
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Abstract
Chronic hepatitis B virus infection affects about
400 million people around the globe and causes
approximately one million deaths a year. Since the
discovery of interferon-α as a therapeutic option
the treatment of hepatitis B has evolved fast and
management has become increasingly complicated.
T h e a m o u n t o f v ira l re p l ic a t io n re f le c t e d in t he
viral load (HBV-DNA) plays an important role in the
development of cirrhosis and hepatocellular carcinoma.
The current treatment modalities for chronic hepatitis
B are immunomodulatory (interferons) and antiviral
suppressants (nucleoside and nucleotide analogues) all
with their own advantages and limitations. An overview
of the treatment efficacy for both immunomodulatory as
antiviral compounds is provided in order to provide the
clinician insight into the factors influencing treatment
outcome. With nucleoside or nucleotide analogues
suppression of viral replication by 5-7 log10 is feasible,
but not all patients respond to therapy. Known factors
influencing treatment outcome are viral load, ALT
levels and compliance. Many other factors which might
influence treatment are scarcely investigated. Identifying
the factors associated with response might result in
stopping rules, so treatment could be adapted in an
early stage to provide adequate treatment and avoid the
development of resistance. The efficacy of compounds
for the treatment of mutant virus and the crossresistance is largely unknown. However, genotypic and
phenotypic testing as well as small clinical trials provided
some data on efficacy in this population. Discontinuation
of nucleoside or nucleotide analogues frequently results
in viral relapse; however, some patients have a sustained
response. Data on the risk factors for relapse are
necessary in order to determine when treatment can be
discontinued safely. In conclusion: chronic hepatitis B
has become a treatable disease; however, much research
is needed to tailor therapy to an individual patient, to
predict the sustainability of response and determine the
www.wjgnet.com

best treatment for those failing treatment.
© 2007 The WJG Press. All rights reserved.

Key words: Hepatitis B virus; Cirrhosis; Treatment;
Interferon; Nucleoside analogues; Nucleotide analogues;
Lamivudine; Adefovir; Entecavir; Telbivudine; Tenofovir;
Resistance; Genotype
Leemans WF, Janssen HLA, de Man RA. Future prospectives
for the management of chronic hepatitis B. World J
Gastroenterol 2007; 13(18): 2554-2567

http://www.wjgnet.com/1007-9327/13/2554.asp

INTRODUCTION
Treatment of chronic hepatitis B remains an important
clinical objective. Estimates are that 2 billion people have
been infected worldwide and chronic hepatitis B currently
affects about 400 million people, particularly in developing
countries[1]. Chronic hepatitis B is responsible 500 000
to 1.2 million deaths annually from liver cirrhosis and
hepatocellular carcinoma (HCC)[2]. It is one of the most
common infectious diseases and among the world's leading
causes of death. There are two strategies to decrease these
numbers, prevention of new infections and treatment
of those already chronically infected. Treatment options
consist of immunomodulatory and viral suppressant
drugs. In this review the current standard of care and the
future developments in the field of chronic hepatitis B are
discussed.

WHAT IS THE OPTIONAL TREATMENT
Naïve patients
The ideal treatment for hepatitis B is an effective cheap
treatment, resulting in HBsAg loss and formation of
anti-HBs, with finite treatment duration and little side
effects. Currently none of the HBV treatments fulfill
these conditions. With interferon based therapy HBsAg
loss occurs in 3%-10% of the patients within one year of
start of therapy and increases in sustained responders to
11%-32%[3-9]. HBsAg loss is rare (< 2% after one year of
treatment) in patients treated with nucleos(t)ide analogues,
which is about the rate observed in the natural history
of the disease[10-16]. However, in a small cohort treated
with tenofovir, HBsAg loss was observed in 14% of 35
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Table 1 Baseline factors influencing likelihood of response to antiviral therapy
Treatment

Increased likelihood of response

Decreased likelihood of response

(PEG) interferon

Baseline ALT > 2 ULN[28,145,146]
Baseline HBV DNA < 109 c/mL[4,28]
Genotype A or B
Longer treatment duration[33-35,147]
Baseline serum aminotransferases > 2 ULN[148, 149]
Baseline HBV DNA < 109 c/mL[148]

Baseline ALAT < 2 ULN[28,145,146]
Baseline HBV DNA > 109 c/mL[4,28]
Genotype C or D

Nucleoside/nucleotide
analogues

Baseline serum aminotransferases < 2[148,149]
Baseline HBV DNA > 109 c/mL[148]

ULN: Upper limit of normal; c/p = copies/mL.

patients[17]. More large size trials have to be conducted
to investigate the rate of HBsAg loss for the newer
nucleos(t)ide analogues or their combinations. Treatment
with Interferon- α or PEG-interferon- α treatment is
of finite duration and response is often durable offtreatment. However, this treatment has side effects and
only a minority responds. Nucleosides/nucleotides are
well tolerated and most patients respond to therapy but
treatment is hampered by the selection of drug resistant
mutants leading to loss of efficacy and frequent relapse
after discontinuation. As none of the current registered
therapies for chronic HBV is ideal, none of the drugs
is regarded as the standard first-line therapy for HBV.
Strategies have particularly aimed at selecting host and
virus characteristics either before or during therapy to
increase treatment efficacy and also withdraw ineffective
treatments. The argument about the poor tolerability of
interferon has been weakened by the introduction of
PEG-interferon- α , which only has to be administered
once a week. Furthermore it is believed PEG-interferon-α
is more potent than the conventional interferons; however
good comparative studies have not been performed[18].
Based on treatment outcomes, the preferable treatment
shifts to interferon based therapy or nucleoside/nucleotide
analogue therapy for different patient groups. In Table 1
the known predictors for response are given for both
interferon-α based therapies or nucleos(t)ide analogues.
Recent studies found a strong correlation between
HBV DNA level and the development of liver cirrhosis
and HCC. However, as none of the studies concerning
natural history separately analysed the outcome in patients
with prolonged normal aminotransferases the exact
influence of the viral load is not known[19-21]. Interferon
based therapies are generally ineffective in patients with
low pre-treatment serum aminotransferase levels, and for
these patients nucleoside/nucleotide treatment would be
indicated. Low pre-treatment serum aminotransferases
and high HBV DNA levels also decrease the likelihood of
response for these agents; however, this confers to HBeAg
loss/seroconversion. In theory nucleoside/nucleotide
analogues are effective in lowering the viral load and
thereby decreasing the risk for development of cirrhosis
and HCC[22]. However, the benefit of this approach on
survival is not supported by clinical trials.
For therapy of treatment naïve patients with elevated
ALT levels, consensus guidelines have no preference for
interferon or nucleoside/nucleotide therapy. Treatment
outcomes for different therapies are provided in Table 2.

Genotype proved to be an important predictor for the
response to interferon-α or PEG-interferon-α therapy,
especially in HBeAg positive patients. Genotype A and
B show superior end of treatment responses as well as
off treatment responses compared to genotypes C and
D[3,4,18,23-25]. HBeAg loss occurred in 34%-36% of patients.
In addition HBsAg seroconversion was observed in
13%-22% of patients with genotype A[18,26,27]. Therefore, a
48 wk course of PEG-interferon-α should be considered
as first-line therapy for HBeAg positive patients with
genotype A or B.
For HBeAg negative patients the distinctions are less
clear. Genotype D responds less to PEG-interferon-α
compared to genotypes A, B or C. Sustained ALT
normalisation and a viral load < 20 000 copies/mL was
observed in 27%, 44%, 52% and 16%, for genotype A,
B, C and D, respectively. Sustained response occurred
significantly more frequently in genotypes B and C
compared to genotype D. The difference in sustained
response between genotype A and D was not significant,
probably due to the small number of genotype A infected
patients[28]. However, only patients with genotype A, treated
with PEG-interferon- α for 48 wk, had a considerable
chance (18%) to develop HBsAg seroconversion[27]. The
long-term follow-up is not known for PEG-interferon-α.
Two years of follow-up showed a decrease in response
(HBV DNA < 2.0 × 104 copies/mL) from 43% after 24
wk of follow-up to 29%[29]. However, long-term follow-up
studies with conventional interferon showed high relapse
rates[2,5,30]. Nucleos(t)ide analogues are effective across all
genotypes in both HBeAg positive and HBeAg negative
patients and have proven to be a good treatment option
for chronic active hepatitis B[31,32].
Retreatment of non-responders
Treatment of non-responders to previous treatment is
little studied and most studies are of small size. Studies
show that retreatment with conventional interferon can
induce HBV DNA loss and HBeAg seroconversion;
however the overall results are not conclusive (Table 3).
Most of the results are difficult to interpret as the initial
schedule of interferon therapy differs as well as the time
to retreatment. The retreatment schedules often differ
from the initial schedule, and treatment duration is often
prolonged influencing treatment outcome positively[33-35].
The real benefit of interferon retreatment, especially with
pegylated interferon is unclear. Nucleos(t)ide analogues
appear to be effective in interferon failures, although
www.wjgnet.com
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Table 2 Treatment outcomes after 1 year of treatment for different antiviral drugs for the management of chronic hepatitis B

HBeAg pos
PEG-IFN-α 2a
PEG-IFN-α 2a
PEG-IFN-α 2b
Lamivudine
Lamivudine
Lamivudine
Lamivudine
Lamivudine
Lamivudine
Lamivudine
Lamivudine
Lamivudine
Adefovir
Adefovir
Adefovir15
Adefovir
Entecavir
Telbivudine
Telbivudine
HBeAg neg
PEG-IFN-α 2a
Lamivudine
Lamivudine
Lamivudine
Adefovir
Entecavir
Mixed
Lamivudine
Lamivudine
Lamivudine
Entecavir

Author; Journal; Year

Histological Resistance
HBV DNA ALT
HBsAg Decline
HBeAg HBeAg
viral load (log10 negativity normalisation improvement (%)
seroconversion loss
loss
(%)
(%)
(%)
copies/mL)
(%)
(%)
(%)

Cooksley; J. Viral Hepatitis; 2003[18]
Lau: NEJM; 2005[4]
Janssen; Lancet; 2005[3]
Chang; NEJM; 2006[13]
Alexander; BMC Gastroenter; 2005[150]
Chan; Ann Intern Med; 2005[151]
Yao; Hepatobil Pancr Dis Int; 2004[152]
Jonas; NEJM; 2002[153]
Mazur; Med Sci Monit; 2002[154]
Barbaro; J Hepatol: 2001[155]
Dienstag; NEJM 1999[47]
Gane; J Hepatol; 2006[63]
Marcelin; NEJM; 2003[16]
Lee; Hepatology; 2006[102]
Zheng; Hepatology; 2006[124]
Bzowej; Hepatology; 2006[65]
Chang; NEJM; 2006[13]
Gane; J Hepatol; 2006[63]
Bzowej; Hepatology; 2006[65]

35
34
36
20
42
28
10
26
49
32
23
24
14
13
20
22
26
31

Marcellin; NEJM; 2004[5]
Marcellin; NEJM; 2004[5]
Lai; NEJM; 2006[15]
Lai; NEJM; 1999
Hadzyannis; NEJM; 2003[14]
Lai; NEJM; 2006[15]
Ooga; J Gastroenterology; 2004[156]
Suzuki; Intervirology; 2003[108]
Yao; J Hepatology; 2006[64]
Yao; J Hepatology; 2006[64]

33
32
29
18
28
28
8
44
19
17
21
12
8
18
21
22
27

16

12

3
7
1

2.4
2.3
5.4

0

2.74

2
5
0
2

0
2

4
0
0
0
0

42

28
18
15

399
144
74
362
101
36
616
378

35
41
32
60
56
78
72
55
56
23
41
75
48
79
79
81
68
77
77

5.5
3.6
4.0
4.5
5.7
6.9
6.5
6.6

447
402
214
295
282
392
672
602
582

2.3
4.2
4.5

194
734
722

3.9
5.0

514
902

59
73
71
72
72
78

4.3
5.9

785
886
432
762

78
86
78
90

0

49
5310
62

13
10
40
12
19

5911

2710
5210
56
53

16
32
8
0
0
0
2
0
3
4

72
65

59
5814
61
5610
64
70

41
6
14
0
0
16

Although conventional interferon-α is widely used for the treatment of HBV it is not listed as this treatment will be replaced by PEG-interferon-α in the near
future. Efficacy measures for PEG-interferon presented are off-treatment responses after 24 wk of follow-up. Studies are organised by HBeAg status and the
mixed studies included both HBeAg positive as HBeAg negative patients. 1LLD 200 copies/mL; 2LLD 300 copies/mL; 3LLD 366 copies/mL; 4400 copies/mL; 55.0
× 103 copies/mL; 67.0 × 105 copies/mL; 71.0 × 106 copies/mL; 81.4 × 106 copies/mL; 95.0 × 106 copies/mL; 10only improvement of ≥ 2 points in necroinflammation
according to Ishak, 11only improvement of ≥ 2 points in necroinflammation according to Knodell, 12HBsAg seroconversion, 13treatment duration 24 wk, 14After 24
wk of follow-up, Lamivudine study performed in children, 15Includes some lamivudine resistant patients.

Table 3 Response to interferon-α or PEG-interferon-α after having failed a prior course of interferon or response to interferon-α or
PEG-interferon-α after having failed a prior course of lamivudine
Author; Journal; Year
Janssen; J Hepatology; 1993[157]
Carreno; Hepatology; 1999[158]
Munoz; J Hepatology; 2002[159]
Munoz; J Hepatology; 2002[159]
Ballauff; Eur J Pediatr;[160]

Treatment regimen

Pretreatment
HBeAg loss HBeAg
HBV DNA ALT
HBeAg status (n )
seroconversion (%) loss (%)
normalisation (%)

IFN 1.5 MU daily for 4 wk followed
by 3 MU daily for 8 wk and then 5
MU daily for 4 wk
IFN 9 MU thrice weekly for 24 wk
IFN 6 MU 5 times weekly for 24 wk
IFN 6 MU 5 times weekly for 24 wk
IFN 5-9 MU/m2 thrice weekly for
16-24 wk

Positive (18)

Teuber; Z Gastroenterol; 1995[161]
Flink; Hepatology; 2004[162]
PEG-IFN-α 2b 100 μg/wk for 32 wk
followed by 50 μg/wk for 20 wk
Lau; J Hepatology; 2005[163]
PEG-IFN-α 2a for 48 wk
Prev lamivudine
Flink; Hepatology; 2004[162]
PEG-IFN-α 2b 100 μg/wk for 32 wk
followed by 50 μg/wk for 20 wk
[163]
Lau; J Hepatology; 2005
PEG-IFN-α 2a 180 μg/wk for 48 wk
Marcellin; J Hepatology; 2006[164] PEG-IFN-α 2a 90-180 μg/wk for
median 48 wk
Marcellin; J Hepatology; 2006[164] PEG-IFN-α 2a 90-180 μg/wk for
median 48 wk
1

Positive (27)
Positive (11)
Negative (18)
Positive (15)
Positive (27)
Positive (18)

41

17

22
18

445
181
221
334

33
30
28

Positive (30)

22
18
44

59
02

22

02

47

473,6

51

673,6

52

43

Positive (8)

50

Positive (31)
Positive (71)

376

Negative (36)

11

32
326

LLD 200 copies/mL; 2LLD 400 copies/mL; 3LLD 1.0 × 104 copies/mL; 4LLD 4.25 × 105 copies/mL; 5LLD 4.81 × 105 copies/mL; 6on-treatment responses.
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efficacy may be different and data are limited[36]. A clinical
trial using adefovir dipivoxil included 123 HBeAg positive
and 48 HBeAg negative patients failing prior interferon
therapy. HBeAg seroconversion rates were similar for
interferon naïve and experienced patients[37]. The efficacy
of the use of interferon for lamivudine failures is unclear
(Tables 3 and 4). It appears interferon is effective in
patients who received lamivudine, but did not develop
resistance. Interferon-α therapy probably has a low efficacy
in lamivudine resistant patients, but the numbers published
are small[38,39].
Cirrhotic patients
The life expectancy of patients with cirrhosis, if untreated,
is greatly diminished with a 5-year sur vival of 84%
for compensated and 14%-35% for decompensated
cirrhosis[40-42]. Interferon has to be used with caution in
cirrhotic patients and its use is limited to Child A cirrhosis.
Interferon may be effective in compensated cirrhotics
in which treatment outcomes do not differ from those
without cirrhosis[6,33,35,43,44]. Adverse events, dose reductions
and early discontinuation occur more frequently in
cirrhotic patients[45,46]. Nucleos(t)ide analogues appear to
be as effective in cirrhotics as in those without cirrhosis
regardless of HBeAg status[47-49]. Lamivudine treatment
in patients with advanced fibrosis or compensated
cirrhosis reduced the progression of liver disease. Loss
of efficacy due to resistance resulted in an increase of
disease progression [50]. Entecavir treatment resulted in
undetectable HBV DNA loss (LLD 300 copies/mL) in
> 90%, ALT normalisation in over 60% and histological
improvement in > 70% of patients with compensated
cirrhosis[51].
Decompensated cirrhotic patients should be treated
with nucleoside analogues as interferon- α is contraindicated [52,53]. The timing of the initiation of therapy
is essential. If the bilirubin level has risen above 3.5
mg/dL the 3 mo survival is poor and probably cannot
be influenced by nucleos(t)ide analogue therapy. Several
studies have confir med the efficacy of lamivudine
therapy in patients with HBV related decompensated
cirrhosis. Therapy resulted in a significant improvement in
virological, biochemical and markers of disease status[54-58].
Treatment of lamivudine refractory patients, who
waited for liver transplantation, with adefovir for 48 wk
resulted in a 4.1 log 10 copy decline in viral load. Liver
functions improved significantly and the Child PughTurcotte score (CPT) improved or remained stable in
92% of the patients[59]. Adefovir therapy initiated in pretransplant patients resulted in undetectable serum HBV
DNA in 76% and normal ALT in 84% of the patients
after 96 wk of treatment. Markers of synthetic liver
function improved in most patients, the Child-Pugh
scores improved, or remained the same and survival was
over 80% after two years[60]. Another study in lamivudine
refractory patients with decompensated cirrhosis showed
a HBV DNA response (≤ 10 5 copies/mL or ≥ 2 log
decrease from baseline) in 92%, over half of the patients
had ALT normalisation and there was improvement of
liver synthesis function and Child-Pugh scores after one
year of treatment [61]. Although it is possible to inhibit
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viral replication and prevent clinical decompensation,
the occurrence of HCC is not prevented. After 5 years
of continuous lamivudine therapy or add-on therapy
with adefovir in lamivudine resistant cases in HBeAg
negative cirrhotic patients, 16% of patients had died, or
had a liver transplantation. However, 24% was diagnosed
with HCC[62]. The moment of initiation of nucleos(t)ide
analogues to prevent the occurrence of HCC has yet to
be determined. In cirrhotic patients there seems to be
no benefit, but a study including patients with advanced
liver fibrosis or cirrhosis showed a reduction in HCC
in lamivudine treated patients compared to placebo.
Patients with lower fibrosis and Child-Pugh scores were
less prone to disease progression [50]. The data suggest
nucleos(t)ide analogue therapy has to be initiated before
the development of cirrhosis to prevent HCC and has to
be continued indefinitely[50,62].

TREATMENT WITH NUCLEOSIDE/
NUCLEOTIDE ANALOGUES
Four oral nucleoside or nucleotide analogues, lamivudine,
adefovir, entecavir and telbivudine, are currently marketed
and approved as a first line of therapy for the treatment of
chronic hepatitis B. All therapies result in reduction of viral
load, ALT levels and improvement of liver histology (Table 2).
It is difficult to point out one compound which should be
the first nucleoside or nucleotide used for the treatment
of chronic hepatitis B. At least two major points at least
have to be taken into account: (1) efficacy of the treatment
on the short and long term, including the development
of resistance and (2) the costs. Comparing the efficacy of
treatment is difficult; however, some comparative studies
have been performed. Both entecavir and telbivudine
proved superior efficacy over lamivudine after 1 year of
treatment[13,15,63,64]. Direct comparison of telbivudine or
adefovir for 52 wk showed superior efficacy on viral and
biochemical parameters for telbivudine, but resistance
was not assessed [65] . Adefovir has not directly been
compared to lamivudine. Direct comparison of entecavir
and adefovir for a duration of 24 wk showed a decline
of HBV DNA of 6.97 log10 copies/mL for entecavir and
4.84 log10 copies/mL for adefovir. PCR undetectability
(HBV < 300 copies/mL) was reached in 45% of entecavir
treated patients vs 13% of those receiving adefovir [66].
Tenofovir looks a promising new drug, but is only used in
small series in lamivudine or adefovir treatment failures.
The long term outcomes are only known for lamivudine
and adefovir. Another problem with interpretation and
positioning of the outcomes of clinical studies is the lack
of standardisation of outcome measures.
The development of resistance is the most important
factor for loss of efficacy. Lamivudine has a high rate of
resistance of 18%-27% after 1 year and this increases over
time, being 44% at year 2, 60% at year 3, and after 4 years
of treatment almost 70% has developed resistance[5,67-73].
Adefovir showed no resistance after 1 year, but rates
increased to 1%-3%, 11%, 18% and 28% at year 2, 3, 4
and 5[14,16,74]. Entecavir showed no resistance up to 2 years
of treatment; however, complete non-responders did not
receive treatment in year 2[75]. Telbivudine had a resistance
www.wjgnet.com
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Table 4 Treatment outcomes after 1 year of treatment for different antiviral drugs for the management of lamivudine resistant chronic
hepatitis B for both HBeAg positive and HBeAg negative patients
n

Author; Journal; Yr

HBsAg Decline viral HBV DNA ALT
HBeAg HBeAg
load (log10 negativity normalisation
serocon-version loss
loss
(%)
copies/mL) (%)
(%)
(%)
(%)

Histological Resistance
improvement (%)
(%)

HBeAg pos
PEG-IFN-α 2b

16 Leemans; J Hepatology;
2006[38]

Adefovir
Adefovir

13

13

6

45 Buti; Hepatology;
2004[165]

13

0

19 Peters; Gastroenterology; 16
2004[118]

11

0.6

4.0

64

19

337

51

265

47

54

10

517

63

0

HBeAg neg
PEG-IFN-α 2b

20 Vassiliadis; WJG;
2006[39]

Adefovir

75 Buti; Hepatology;
2004[165]

Adefovir

20 Manilakopoulos;
Hepatology; 2005[119]

3.3

72

5

Adefovir + lamivudine

44 Manilakopoulos;
Hepatol; 2005[119]

3.3

87

0

Adefovir

26 Koskinas; J Hepatology;
2005[166]

2.5

92

4

Adefovir + lamivudine

74 Lampertico; Hepatology;
2005[167]

82

0

Adefovir + lamivudine

23 Koskinas; J Hepatology;
2006[166]

87

0

Adefovir + lamivudine

49 Vassiliadis; AP&T;
2005[168]

0

786
2.8
0

6.5

574

0

2.8

444

3.6

355

53

0

2.4

193

60

18

4.6

201

30

4.1

814

76

0

0

75

Mixed
Adefovir

18 van Bömmel;
Hepatology; 2004[17]

19

Adefovir + lamivudine

20 Peters; Gastroenterology; 17
2004[118]

Adefovir

57 Lee; Hepatology;
2006[102]

Adefovir + lamivudine

46 Perrillo;
15
Gastroenterology; 2004[61]

6

20
8

0

Adefovir ± lamivudine11 126 Schiff; Hepatology;
2003[59]

681

Adefovir + lamivudine

34 Moriconi; J Hepatology;
2006[169]

Adefovir ± lamivudine

65 Hann; J Hepatology;
2006[132]

Entecavir

42 Chang; Gastroenterology; 11
2005[170]

Entecavir

141 Sherman;
10
Gastroenterology; 2006[129]

Entecavir
Entecavir

710

42 Karino; J Hepatology;
2006[171]
116 Yao; J Hepatology;
2006[172]

Tenofovir ± lamivudine9

35 van Bömmel;
Hepatology; 2004[17]

Tenofovir ± lamivudine

44 Hann; J Hepatology;
2006[132]

8

2.4

215

4

5.6

264

68

11

5.1

272

61

55

7

15

3.8

604

78

60

0

6

5.8

272

85

5.5

1004

5.0

865

410

Tenofovir + lamivudine9 11 Van der Eijk;
J Viral Hepatitis; 2005[173]

10

0

Tenofovir9

10 Dore; J Infect Dis;
2004[174]

20

10

Tenofovir9

12 Núñez; Aids;
2002[175]

11

Tenofovir9

20 Nelson; Aids;
2003[176]

25

Tenofovir9

12 Benhamou; NEJM;
2003[177]

0

0

0

8

0

5.0

91

4.9

25

3.8

581

4.0
0

3.8

Efficacy measures presented are off-treatment responses for PEG-interferon and on-treatment responses for nucleos(t)ide analogues. 1LLD 200 copies/mL; 2LLD
300 copies/mL; 3LLD 366 copies/mL; 4LLD 400 copies/mL; 5LLD 1.0 × 103 copies/mL; 6LLD 2.0 × 103 copies/mL ; 7LLD 1.0 × 105 copies/mL; 8results after 24 wk
of treatment; 9including HIV/HBV co-infected patients ± some patients with, some patients without combination therapy; 10after 24 mo of treatment; 11patients
with decompensated cirrhosis.
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rate of 2%-4% after 1 year of treatment[63,65].
With long-ter m lamivudine treatment HBeAg
seroconversion increases to 27%, 40%, 47% and 50% at
year 2, 3, 4 and 5, respectively, despite the development
of resistance [67,71,73,76]. Prolonged therapy with adefovir
in HBeAg positive subjects resulted in viral load below
103 copies/mL in 28% at year 1, 45% and 56% at year 2
and 3. ALT levels became normal in 48%, 71% and 81%
after 1, 2 and 3 years of treatment. Rates of HBeAg-loss
increased to 42% and 52% and HBeAg seroconversion
rates increased to 29% and 43% at year 2 and 3 [77]. A
study with continued treatment up to 2 years showed an
increase in viral reduction from -4.5 to -5.0 log10 copies/
mL, increased in PCR-negativity (lower limit of detection
300 copies/mL) from 28% to 42%, but the percentage
of ALT normalisation remained unchanged (79% to
78%). The percentage HBeAg-loss increased from 13%
to 19% and the percentage of patients with HBeAg
seroconversion increased to 15%[78]. In HBeAg negative
subjects prolonged adefovir therapy of 2 years, showed
little additional decline in viral load, but consolidated the
response to adefovir as 71%-75% of the patients had a
viral load below 103 copies/mL and ALT normalisation
in 73%-79%. Long term treatment up to 5 years resulted
in a viral load below 103 copies/ml in 78%-79% at year 3,
65%-68% at year 4 and 67% after 5 years of continuous
treatment. ALT levels were normal in 69%-78% at 3
years, 70%-75% at 4 years and 69% after 5 years[74]. Also
entecavir showed a continuous viral decline in patients
with detectable HBV DNA beyond wk 48 and HBeAg
seroconversion rates increased[79,80]. Another aspect which
is little studied is the sustainability of response after
discontinuation of therapy. In HBeAg positive subjects
who seroconverted during therapy, response is durable
in over half of the subjects [13,81-84]. In HBeAg positive
patients treated with lamivudine who discontinued after
achieving a complete response (HBeAg loss, undetectable
HBV DNA and normal ALT) had a sustained response of
78%, 72%, 70%, 67% and 64% after 1, 2, 3, 4 and 5 years
of follow-up, respectively[85]. In HBeAg positive subjects
with HBeAg seroconversion during adefovir therapy the
response was sustained in 91% [84]. In entecavir treated
HBeAg positive subjects for 48 wk the sustained response
(HBeAg loss and HBV DNA < 7.0 × 10 5 copies/mL)
was 82% after a 24 wk follow-up[86]. The durability can be
increased by continuing treatment for several months after
HBeAg seroconversion. Therefore, it is recommended
to continue treatment for at least 3-4 mo[82,83]. As many
clinical trials had a predetermined endpoint, sustainability
could be a bit higher if treatment was continued for a
longer period in those patients who underwent HBeAg
seroconversion within 3 mo before discontinuation. In
HBeAg negative subjects the durability of response is
often poor. Patients treated for two years with lamivudine
who had undetectable HBV DNA levels (LLD 200
copies/mL) discontinued treatment. After 12 mo of
follow-up the virological relapse rate was 50%[87]. The viral
load at discontinuation and duration of treatment do not
accurately predict sustainability of response in HBeAg
negative patients.
Other parameters such as intrahepatic total HBV DNA
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and intrahepatic cccDNA and HBcore expression and the
level of hepatitis B virus core related antigen appear to
be superior in prediction of sustained response compared
to viral load at the end of therapy. The studies were,
however, small and the results have not been confirmed by
others[88,89].

MANAGEMENT OF TREATMENT FAILURES
TO NUCLEOS(T)IDE ANALOGUES
A distinction can be made for patients failing therapy:
due to resistance or other reasons. Many patients do not
achieve complete suppression of HBV DNA during
treatment. Several factors may contribute such as noncompliance, inefficient conversion from the prodrug to
its active metabolite, inadequate phosphorylation within
the hepatocytes or underdosing of the dr ug. Some
patients failing to respond initially to treatment may
already harbour a resistant mutant prior to the start of
therapy [90,91]. Underdosing is particularly an issue with
adefovir treatment as the 10 mg dose was chosen for safety
reasons. The 30 mg dose was more effective, but also more
nephrotoxic[16].
Little is known why some patients have suboptimal
viral suppression. The known baseline predictors for
response provide infor mation on the likelihood of
response, but outcome cannot be predicted (Table 1). A
high baseline viral load is probably one of the reasons why
more HBeAg-positive patients have a suboptimal response
compared to HBeAg-negative patients [13-16]. Recently,
genotypic dependent polymorphisms have been described
associated with primary treatment failure and more might
be detected[91,92]. As viral factors, as well as host factors
play an import role in response, it is difficult to assess the
optimal treatment for sub-optimal responders. Presuming
study randomisation led to an equal distribution of both
viral and host factors, it is to be expected that more potent
drugs are able to suppress viral replication in subjects
with suboptimal suppression. Entecavir and telbivudine
proved their superior potency over lamivudine in a head to
head comparison and for telbivudine this observation also
has been made in comparison with adefovir[13,15,63-65]. In
adefovir treatment failures the more potent drug tenofovir
showed good viral suppression [93]. Patients responding
to tenofovir and switched to adefovir showed viral
relapse, while no mutants could be detected[94]. Another
strategy could be adding a second drug to the failing
compound. In vitro testing demonstrated that combining
adefovir with an L-nucleoside (lamivudine, telbivudine,
emtricitabine) exerted additive antiviral effects[95]. Clinically
the combination of adefovir and emtricitabine resulted in
stronger viral suppression[96]. In patients failing adefovir
switching therapy to tenofovir and either emtricitabine
or lamivudine resulted in decrease in viral load in most
patients[97].

PREVENTION OF RESISTANCE
For nucleoside/nucleotide analogue treatment, a number
of risk factors for resistance have been identified. For
lamivudine this includes: prior course of lamivudine,
www.wjgnet.com
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duration of lamivudine therapy, high body weight and
body mass index, male sex and high baseline HBV DNA,
insufficient HBV DNA suppression at month three, and
elevated ALT levels during treatment[98-100]. For adefovir
the following risk factors for resistance have been
reported: lamivudine resistance at start of treatment, high
baseline viral load, < 1 mo continuation of lamivudine
after the start of adefovir therapy in case of lamivudine
resistance, insufficient HBV DNA suppression during
treatment[101-103]. For entecavir, lamivudine resistance and
suboptimal suppression of HBV DNA on treatment were
found as risk factors[75]. A key factor in the development
of resistance is the persistence of viral replication. Several
studies found a relation between ongoing viral replication
and the development of resistance. Patients with a serum
HBV DNA > 103 copies/mL after 6 mo of lamivudine
treatment had a 63% chance for developing resistance[100].
Another study in 24 patients, found that none of the
subjects with excellent viral suppression (nadir HBV DNA
< 50 copies/mL), two out of 5 patients with a nadir viral
load between 50-300 copies/mL and all 11 patients with a
nadir viral load > 300 copies/mL developed resistance[99].
For adefovir, a load of over 105 copies/mL after 48 wk
of treatment is a risk factor for resistance[103]. In a study
in which patients were treated with either telbivudine,
or lamivudine, a viral load > 103 copies/mL after 24 wk
of treatment was associated with an increased risk for
resistance.
The role of genotypes is controversial as some have
reported influence of the genotype on the development of
resistance, while others do not find this association[101,100-111].
Genotype might influence the mutational pattern. When
genotype A and D in lamivudine resistant patients were
compared, the rate of M204V mutants and rates of
mutations at position rtL180 was higher in genotype A.
The rate of M204I mutations was higher in genotype D.
The median time of shift from M204I to M204V was
shorter in genotype A. Additional resistance associated
mutations were only detected in patients infected with
genotype D[112]. In genotype C patients HBV DNA was
significantly higher compared to genotype B after the
development of YMDD mutants[104]. Studies are often
hampered by their small size. For compounds with a low
rate of resistance it is hard to determine the role of the
genotype as large numbers have to be treated often for a
prolonged period.
The current strategy of continuous monotherapy is
insufficient to completely suppress viral replication in a
large number of patients. In vitro testing has to be done
in order to find promising combinations of drugs. These
combinations of drugs then have be to investigated in
long-term large scale trials with clinical response and
resistance as outcome measures[95].
It is important to detect resistance as early as possible
during treatment with nucleoside or nucleotide analogues.
In case of virological breakthrough, which is generally
agreed to be a 1 log 10 increase in viral load in either
copies/ml or IU/L after an initial response in compliant
patients[113-115]. Sensitive quantitative HBV DNA assays
are therefore advised for monitoring as a viral rebound
can be detected earlier. Virological breakthrough mostly
www.wjgnet.com
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precedes biochemical breakthrough and the time lapse
may vary from weeks to months[116]. Genotypic testing
provides information on the type of mutation which
arises during treatment and if there might be decreased
drug sensitivity. Knowledge of the specific mutation
will be increasingly important in the future as different
mutations may have a distinct influence on treatment
efficacy of other compounds. Newly detected mutations
should be investigated by phenotypic assays to determine
their replication fitness and susceptibility to other
compounds[117].

MANAGEMENT OF RESISTANCE
Lamivudine resistance
Adefovir has proven to be effective for lamivudine resistant
mutants. Adefovir monotherapy is able to suppress viral
load by 2.4-4.0 log10 copies/mL[102,118]. The data of adefovir
and lamivudine combination therapy by adding adefovir to
ongoing lamivudine is controversial. A randomised study
found no difference in viral decline[118]. Another study did
not find a difference in viral suppression after one year
of treatment, but at month 18 adefovir and lamivudine
showed a stronger viral decline (4.3 log10 copies/mL) vs
adefovir monotherapy (3.4 log10 copies/mL)[119]. A study
comparing combination therapy to monotherapy in
lamivudine resistant patients showed significantly higher
rates of PCR-negativity (81% vs 40%) in patients with a
baseline viral load ≥ 5 log10 copies/mL[120].
Although adefovir is effective for the treatment of
lamivudine refractory patients there seems to be some
degree of cross-resistance as in vitro testing shows a 2.8-16
fold increase in IC50 values for adefovir for lamivudine
resistant strains[121-123]. Clinically mutations also associated
with lamivudine resistance appear to influence treatment
outcomes. Viral decline and ALT normalisation might
be less in lamivudine resistant patients compared to
treatment naïve patients, but other studies do no report
such difference[102,124,125]. The rate of resistance is increased
in patients with lamivudine resistance switched to adefovir
monotherapy compared to the large phase III trials and to
patients switched to adefovir and lamivudine combination
therapy[14,16,101,102,120]. Considering the mounting evidence of
more potent antiviral effect and a lower rate of resistance
adding adefovir to the ongoing lamivudine therapy is to
be preferred above switching to adefovir monotherapy.
If chosen to switch to adefovir monotherapy lamivudine
has to be continued for at least 2-3 mo as this overlap may
prevent the emergence of adefovir resistance[101,126].
Lamivudine resistance shows some cross-resistance
with entecavir in cell culture, but lamivudine resistant
strains remain sensitive to entecavir[127,128]. Although very
effective, treatment outcomes with 1 mg entecavir in
lamivudine were less compared to 0.5 mg entecavir in
treatment naïve patients as viral decline (6.9 log10 copies/
mL vs 5.1 log10 copies/mL) and rates of PCR-negativity
(67% vs 19%) were lower after 48 wk of treatment
(Table 4)[13,129]. Entecavir has a high barrier to resistance
as multiple mutations are necessary for the virus to be
resistant. Lamivudine refractory patients already harbour
some of these mutations and entecavir resistance occurs,
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therefore, more frequently in lamivudine resistant patients.
After 1 year 1.4% of patients became resistant increasing
up to 9% after two years and 15%-19% after 3 years of
treatment[75,129,130].
Tenofovir disoproxil fumarate possesses potent activity
against lamivudine resistant hepatitis B (Table 4)[17,93,131,132].
Lamivudine resistant mutants lead to a slight 1.8-5.7 fold
increase in IC 50 values. The known mutants however,
remain sensitive to tenofovir and the mutation pattern
of tenofovir has no overlap with the mutational pattern
of lamivudine [121,123,133]. Most studies add tenofovir to
lamivudine, though tenofovir mono therapy seems to be
equally effective[134]. Tenofovir is thought to be a more
potent viral suppressing agent for lamivudine resistant
HBV compared to adefovir, but its efficacy is only
investigated in relatively small groups of patients. Many of
them including HIV-HBV co-infected patients[17,132]. Being
a very promising drug, more studies have to be conducted
to determine the exact role or the combination with other
compounds for the treatment of lamivudine resistant
hepatitis B.

adefovir combination therapy over adefovir monotherapy,
the definite answers have not been provided, especially
the question whether monotherapy comes with higher
rates of resistance. Tenofovir looks very promising,
although studies are small and little is known on the
effect of tenofovir monotherapy on lamivudine resistant
strains. Very little data is available on the occurrence and
management of adefovir and entecavir as well as newer
drugs. Studying resistance for compounds with low rates
is difficult as large numbers have to be treated. Large
scale initiatives are necessary to study the effectiveness
and resistance. Insight in the mutational patterns is
very important as each pattern has its own influence on
replication fitness and cross-resistance. In vitro studies
and molecular modelling have to provide these answers
to design optimal treatment regimens. This approach is
needed as many drugs have been developed and it is not
feasible to test all drugs or combinations for all mutational
patterns.

Adefovir resistance
Adefovir resistant strains are susceptible to lamivudine
and lamivudine can thus be used for rescue therapy[135].
Indeed clinically lamivudine is able to reduce the viral load
in adefovir resistant patients[136,137]. The effect of adefovir
associated mutations on long-term treatment is unknown.
It is likely that lamivudine resistant strains severely limit
the use of lamivudine. In vitro a strain conferring resistance
to both adefovir and lamivudine is viable and has reduced
sensitivity to all common drugs used for hepatitis B,
although tenofovir and entecavir are likely to be able to
suppress HBV DNA [135]. Adefovir resistant strains are
susceptible to entecavir and tenofovir in vitro [135,138]. In
very small series tenofovir and entecavir proved effective
against adefovir resistant HBV[101,139].

The knowledge and therapeutic options have come a long
way since the discovery of the hepatitis B virus. Today
chronic hepatitis B virus infection is a treatable disease.
However, much remains unknown and treatment options
are far from perfect. The natural history is only partially
understood and only recently the importance of viral load
has been revealed[19-21]. Further studies have to identify
the factors involved in progression of disease in order to
be able to identify those patients in need of treatment.
Treatment options are diverse and have limitations in
tolerability and efficacy. More data are needed to be able
to predict treatment outcome in patients. This is especially
important for treatment with interferon, which is costly
and is associated with considerable side effects and an
overall success rate between 30%-40%. However, this
treatment has proven to be able to inactivate the disease for
long periods in responders, which might result in HBsAgseroconversion. Research to identify those patients likely
to respond before start of therapy or within a few weeks
after start of treatment is urgently needed. Nucleoside
or nucleotide analogue therapy is the alternative for
interferon based treatments and the response rates on
treatment are higher compared to interferon. However,
relapse is frequent after discontinuation, while identifying
those relapsing is not possible. This has resulted in longterm treatment, although it is known that response can
be sustained off-treatment. By identifying the factors
responsible for sustained response it might be possible to
accurately predict sustainability. In theory this could result
in nucleos(t)ide analogue therapy of limited duration. This
is especially important in young adults who often have a
desire for pregnancy, whilst the antiviral drugs have not
been investigated on safety for the unborn child or long
term in patients themselves.
Data on treatment efficacy in treatment experienced
patients is limited. Therefore, large cohorts of patients
have to be studied. Especially the rate of resistance and the
mutational patterns are hard to assess. For some therapies
resistance rates are low or mutational patterns are diverse.

Entecavir resistance
Entecavir resistance is highly cross-resistant with lamivudine
as entecavir resistance requires lamivudine resistance[127].
This mutant strain is sensitive in vitro to adefovir and clinical
treatment with adefovir resulted in decline of the viral
load[127,140].
Future directions for the management of resistance
The development of resistance is the largest limiting
factor for long-ter m treatment with nucleoside or
nucleotide analogues and should therefore be studied in
detail. Lamivudine as well as many other L-nucleosides
have high rates of resistance caused by a single mutation.
Due to the high resistance rate and being the only oral
drug available for a long time it gave the opportunity to
study the mechanisms and outcomes of resistance. The
large number of patients treated with lamivudine with
subsequent development of resistance made it possible to
study the effect of salvage therapy. Entecavir and adefovir
proved their efficacy in large populations. But despite
all these opportunities we still do not know the exact
incidence of adefovir resistance in lamivudine resistant
patients. Although the balance tips to lamivudine and

CONCLUSION
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Genotypic and phenotypic testing and molecular modelling
are helpful to determine the level of cross-resistance with
other compounds. Promising rescue therapies should
be studied clinically in order to determine their efficacy.
The data on resistance (mutational patterns, replication
fitness, molecular modelling and cross resistance) is
scattered, and therefore, it is almost impossible to look up
the implications of a specific mutational pattern. A large
central database combining all the data on resistance could
provide this information and would be of great value for
everyone interpreting mutational patterns. This database
could also provide clinicians advice on treatment for an
individual resistant patient. More specific knowledge on
resistance calls for the development of new techniques
that are sensitive, able to detect new variants, able to
determine if multiple variants are located on the same
genome, easy to perform and interpret, cheap and suitable
for mass screening.
As none of the current treatments for chronic hepatitis
B is optimal, prevention of infection should be one of
the cornerstones of management of chronic hepatitis
B. Safe and well tolerated vaccines for hepatitis B have
been developed and their effectiveness have been proved.
There have been some concerns about the luxation of
autoimmune phenomena [141]. Three WHO large scale
evaluations revealed no increased risk for the development
of autoimmune diseases[142-144].
In conclusion: The management of chronic hepatitis
B has evolved fast and currently hepatitis B is a treatable
disease. More research on the factors involved in response
to treatment or treatment failure is needed to tailor
treatment to the individual patient. Much attention should
be paid to universal worldwide vaccination as this may
significantly change the burden of disease.
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significantly associated with H pylori infection in gastric
cancers, especially with diffuse-type. Cancer samples
without lymph node metastasis showed a higher FHIT
hypermethylation frequency. MTAP hypermethylation was
associated with H pylori in gastric cancer samples, as
well as with diffuse-type compared with intestinal-type.
In diffuse-type, MTAP hypermethylation was associated
with female gender.
CONCLUSION: Our findings show differential gene
methylation in tumoral tissue, which allows us to
conclude that hypermethylation is associated with gastric
carcinogenesis. MTAP promoter hypermethylation can
be characterized as a marker of diffuse-type gastric
cancer, especially in women and may help in diagnosis,
prognosis and therapies. The H pylori infectious agent
was present in 44.9% of the samples. This infection
may be correlated with the carcinogenic process
through the gene promoter hypermethylation, especially
the MTAP promoter in diffuse-type. A higher H pylori
infection in diffuse-type may be due to greater genetic
predisposition.
© 2007 The WJG Press. All rights reserved.
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Abstract
AIM: To evaluate the methylation status of CDH1, FHIT,
MTAP and PLAGL1 promoters and the association of
these findings with clinico-pathological characteristics.
METHODS: Methylation-specific PCR (MSP) assay was
performed in 13 nonneoplastic gastric adenocarcinoma,
30 intestinal-type gastric adenocarcinoma and 35 diffusetype gastric adenocarcinoma samples from individuals
in Northern Brazil. Statistical analyses were performed
using the chi-square or Fisher's exact test to assess
associations between methylation status and clinicopathological characteristics.
RESULTS: Hypermethylation frequencies of CDH1, FHIT,
MTAP and PLAGL1 promoter were 98.7%, 53.9%, 23.1%
and 29.5%, respectively. Hypermethylation of three
or four genes revealed a significant association with
diffuse-type gastric cancer compared with nonneoplastic
cancer. A higher hypermethylation frequency was
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INTRODUCTION
Gastric cancer (GC) is the most frequent type of cancer
and is the second most common cause of cancer death
in the world[1]. In Northern Brazil, the State of Pará has
a high incidence of this neoplasia and its capital, Belém,
is ranked eleventh in terms of GC incidence rates among
all cities in the world with cancer records[2]. Food may be
related to the high incidence of this neoplasia in Pará,
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especially the high consumption of salt-conserved food,
reduced use of refrigerators and little consumption of
fresh fruit and vegetables[3].
The most successful and widely used classification
of GC is that of Laurén[4], which is divided in two main
types: diffuse and intestinal. Intestinal-type GC is usually
called "epidemic", is more frequent, more related to
environmental factors and associated with precancerous
lesions, such as chronic gastritis, gastric atrophy, intestinal
metaplasia and dysplasia. Diffuse-type have a poorer
prognosis, are not associated with precancerous lesions
and show invasive growth patterns[5].
Epigenetic events play a significant role in cancer
development and progression. DNA methylation is the
most studied epigenetic alteration, occurring through
the addition of a methyl radical to the cytosine base
adjacent to guanine. When DNA is methylated in the gene
promoter region, genes are inactivated and silenced[6]. In
cancer, epigenetic silencing leads to the aberrant silencing
of normal tumor-suppressor functions.
Four genes were chosen for assessment of their
functions and/or roles in gastric carcinogenesis: CDH1,
FHIT, MTAP and PLAGL1.
E-cadherin, CDH1 product, is a homophilic cell
adhesion protein. It has been proposed that loss of
E-cadherin-mediated cell-cell adhesion is a prerequisite for
tumor cell invasion and metastasis[7]. E-cadherin also has
a possible role in modulating intracellular signaling, thus
promoting tumor growth[8].
FHIT gene was identified in the most common fragile
site, FRA3B[9]. FHIT is highly expressed in all normal
epithelial tissues. FHIT is inactivated in about 60% of
human tumors (ranging from 20% to 100%). Thus, FHIT
is the most commonly altered gene in human cancer and
in precancerous conditions[10]. Despite strong evidence
of a FHIT tumor suppressor function, the specific signal
pathways and mechanisms involved are still unknown.
MTAP is expressed ubiquitously in all normal cells[11].
Reduced MTAP expression may lead to activation of the
polyamine biosynthetic enzyme ornithine decarboxylase
(ODC)[12]. In gastric tissue, the ODC activity is elevated in
premalignant lesions, which may be useful as biochemical
markers of neoplastic proliferation[13]. Many malignant
cells lack MTAP activity because of chromosomal loss or
epigenetic regulation[14]. To our knowledge, the methylation
status of MTAP has not been reported in GC.
PLAGL1 encodes a zinc-finger protein that regulate
induction of apoptosis and G1 arrest [15] and contains
transactivation and repressor activities[16]. Besides TP53,
the identification of PLAGL1 provides the first example
of a gene which combines concomitant induction of
programmed cell death and cell arrest[17].
Identification of tumor specific epigenetic alterations
can be used as a molecular marker of malignancy, which
can lead to better diagnosis, prognosis and therapy.
In this study, we evaluated the methylation status of
CDH1, FHIT, MTAP and PLAGL1 promoters and
hypermethylation frequency as well as their association
with clinico-pathological characteristics.
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MATERIALS AND METHODS
Samples
The study included 78 samples of gastric tissue. Among
them, 13 were nonneoplastic gastric mucosae, including
5 samples from GC patients (distant location of primary
tumor) and 65 sporadic GC samples.
Eight normal mucosa samples (samples 1-8) were
obtained from patients undergoing upper endoscopy to
check for gastritis. All these samples were obtained from
the antrum of stomach biopsies. The other nonneoplastic
(samples 9-13) and GC samples were surgically obtained
in Pará State João de Barros Barreto University Hospital
(HUJBB). Patients had never been submitted to
chemotherapy or radiotherapy prior to surgery, or had any
other diagnosed cancer. All patients signed an informed
consent with the approval of the ethics committee of
HUJBB and of the Universidade Federal de São Paulo
(UNIFESP). All 65 GC samples were classified according
to Laurén[4]: 30 were intestinal (samples 14-43) and 35 were
diffuse type (samples 44-78). Tumors were staged using
standard criteria by TNM staging[18]. A rapid urease test
was performed on all samples to detect H pylori.
Methylation specific PCR (MSP)
Genomic DNA (2 µg) was modified by bisulfite treatment,
converting unmethylated cytosines to uracils and leaving
methylated cytosines unchanged. MSP was performed
on treated DNA as previously described [19]. Specific
primers for MSP (Table 1), located within CpG islands
and previously described as associated with their genes
expression [20-23], were designed with the assistance of
Methprimer software[24].
PCR reaction was carried out in a volume of 25 μL
with 200 μmol/L of dNTPs, 200 μmol/L of MgCl 2,
100 ng of DNA, 200 pmol/L of primers and 1 unit of
AmpliTaq GOLD (Applied Biosystems, Foster City, CA).
Initial denaturing was carried out for 3 min at 94℃, 35
cycles at 94 ℃ for 30 s, at different temperatures with
the primers for 45 s (Table 1) and 72 ℃ for 30 s. This
was followed by a final extension for 5 min at 72℃. PCR
products were separated by 3% agarose gel containing
0.0004% ethidium bromide and visualized under UV
illumination (Figure 1).
DNA from peripheral lymphocytes of two healthy
individuals and water were used as negative controls.
MSP results were scored when there was a clearly visible
band on the electrophoresis gel with the methylated
and unmethylatated primers [19]. Hypermethylation was
considered present with methylated sequences for CDH1
and FHIT promoter or only methylated sequences for
MTAP and PLAGL1 promoter.
Statistical analysis
Statistical analyses were performed using the χ2 test or
Fisher's exact test to assess associations between the
methylation status and frequency, and clinico-pathological
characteristics. P values less than 0.05 were considered
significant.
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Table 1 Primer sequences (5'-3') for MSP
Gene

Sense

Antisense

CDH1

M-ATTCGAATTTAGTGGAATTAGAATC
U-GGATTTGAATTTAGTGGAATTAGAATT
M-TTTTCGTTTTTGTTTTTAGATAAGC
U-TGGTTTTTGTTTTTGTTTTTAGATAAGT
M-TGTTTTTTAGGAATTAAGGGAAATAC
U-TTTTTAGGAATTAAGGGAAATATGT
M-GTTTATTTTGGCGGAGATTTC
U-GGTTTATTTTGGTGGAGATTTTG

M-CCCAAAACGAAACTAACGAC
U-CTCCCCAAAACAAAACTAACAAC
M-AAAAATATACCCACTAAATAACCGC
U-AAAATATACCCACTAAATAACCACC
M-AACTACAAAATCTAACCCGACGAC
U-CAACTACAAAATCTAACCCAACAAC
M-ACTAAACGACACCCACACGTC
U-AAAAACTAAACAACACCCACACAT

FHIT
MTAP
PLAGL1

Product size

TM

125 bp
130 bp
157 bp
159 bp
199 bp
197 bp
147 bp
152 bp

53℃
52℃
52℃
51℃

M: methylated sequences; U: unmethylated sequences; TM: melting temperature.

A

L

U

M U

M U M

C

B

L

U

M U

M U M

200
150
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+ +
L U M

+ +
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+ U M

- +

+ +
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+ +

- +

+ +

Figure 1 Examples of gel electrophoresis using CDH1 (A), FHIT (B), MTAP (C)
and PLAGL1 (D) MSP primers. L: size marker; M: methylated; U: unmethylated.

RESULTS
Clinico-pathological characteristics
Of the 78 patients, 54 were male and 24 were female, and
their mean age was 56 ± 12.31 years (range 20-76). According
to Laurén's classification, 35 were diffuse and 30 were
intestinal types. All GC samples were in advanced stage. Table
2 shows cases with their clinico-pathological characteristics.
There was a significant association between diffuse-type and
H pylori infection in our sample (P = 0.0142).
DNA hypermethylation in gastric tissue
All samples analyzed showed at least one hypermethylated
gene promoter. The hypermethylation frequency of
CDH1, FHIT, MTAP and PLAGL1 promoter were
98.7%, 53.9%, 23.1% and 29.5%, respectively (Figure 2).
Only one sample (sample 4), of a 20 years old patient,
did not show CDH1 hypermethylation. The methylation
number and frequency of CDH1, FHIT, MTAP and
PLAGL1 in nonneoplastic and neoplastic samples are
displayed in Table 3. Statistical analysis showed a tendency
for increased PLAGL1 hypermethylation in GC samples
(P = 0.0937) and in diffuse-type (P = 0.0807) compared
with nonneoplastic samples.
Table 4 shows the number of hypermethylated genes
(1-2 or 3-4) in nonneoplastic tissue and GC samples. A
tendency for hypermethylation of three or four genes in
cancer samples compared to nonneoplastic samples was
observed (P = 0.0959). Three or four hypermethylated
genes were significantly more frequently detected in
diffuse-type than in nonneoplastic mucosa (P = 0.0396).
Neither of two peripheral lymphocyte samples showed
hypermethylation (Figure 2).
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Association between DNA hypermethylation and clinicopathological characteristics
We analyzed whether DNA hyper methylation was
associated with clinico-pathological characteristics, and
detected a tendency for hypermethylation of three or four
genes in tissue samples with H pylori infection (P = 0.0522).
GC samples showed a significant association between higher
hypermethylation frequency and H pylori infection (P =
0.0428). This association was also observed in diffuse-type
samples (P = 0.0033). In diffuse-type, hypermethylation
of three or four genes tended to be higher in female
patients than in male (P = 0.0529) and in tumors located
in the noncardia stomach region (P = 0.0805). MTAP
hypermethylation was associated with H pylori infection in
gastric samples (P = 0.0465). MTAP hypermethylation was
also associated H pylori infection in GC samples (P = 0.0175),
as well as with diffuse-type compared with intestinal-type (P
= 0.0249). GC samples without lymph node metastasis were
associated with FHIT hypermethylation (P = 0.0018). An
association was observed between absence of lymph node
metastasis and FHIT hypermethylation in diffuse-type GC
(P = 0.0408), as well as between female patients and MTAP
hypermethylation (P = 0.0310). Absence of lymph node
metastasis was associated with FHIT hypermethylation in
intestinal-type GC (P = 0.0104), as well as a tendency for
PLAGL1 hypermethylation and larger tumor extension (T3
and T4) (P = 0.0637).

DISCUSSION
DNA hypermethylation in gatric tissue
DNA hypermethylation of CpG islands was detected in all
gastric samples, even in nonneoplastic mucosa, which can
contain precursor cells for cancer and/or precancerous
lesions[25].
The stomach is the organ that presents more methylated
CpG island in nonneoplastic cells, along with age-related
methylation that reflects increased CpG island methylation
frequency in GC[26].
In our study, higher hypermethylation frequency was
significantly associated with diffuse-type GC compared
with nonneoplastic tissue. These findings confirmed those
from Leung et al[27], which evaluated the methylation status
of 5 genes in 28 samples of GC and their corresponding
nonneoplasms.
We detected that 100% of GC and 92.3% of nonneo-
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Samples CDH1
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
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
Limphocytes (n = 2)

FHIT
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MTAP PLAGL1

Figure 2 Methylation status of CDH1, FHIT, MTAP and PLAGL1 promoter in the
samples studied. White boxes represent samples that showed only unmethylated
sequences, gray boxes represent samples that showed unmethylated and
methylatated sequences, and black boxes represent samples that showed only
methylated sequences. 1-13 samples: nonneoplastic; 14-43 samples: intestinaltype GC; 44-78 samples: diffuse-type GC.

plastic samples were hypermethylated in CDHI promoter
(Table 3), frequencies higher than those in the literature.
CDH1 methylation status was not significantly different
between GC and nonneoplastic samples. This is the first
study that has evaluated CDH1 methylation frequency in

Table 2 Clinico-pathological characteristics of the samples

Variable (n )
Gender
Male (54)
Female (24)
Age (yr)
≤ 50 (23)
> 50 (55)
Smoking status
Smoker (27)
No smoker (51)
H pylori
Present (36)
Absent (42)
Location
Cardia (25)
Noncardia (40)
T stage
T1, T2 (15)
T3, T4 (50)
Lymph node metastasis
Present (51)
Absent (14)
Distant metastasis
Present (6)
Absent (55)
Unknown (4)

Samples
Nonneoplastic Intestinal Diffuse
n (%)
n (%)
n (%)

P

9 (16.67)
4 (16.66)

20 (37.03)
10 (41.67)

25 (46.3)
10 (41.67)

0.9176

7 (30.43)
6 (10.91)

7 (30.43)
23 (41.82)

9 (39.14)
26 (47.27)

0.1056

1 (3.7)
12 (23.53)

13 (48.15)
17 (33.33)

13 (48.15)
22 (43.14)

0.0717

6 (16.67)
7 (16.67)

8 (22.22)
22 (52.38)

22 (61.11)
13 (30.95)

0.0142a

-

11 (44)
19 (47.5)

14 (56)
21 (52.5)

0.783

-

7 (46.67)
23 (46)

8 (53.33)
27 (54)

0.9638

-

23 (45.1)
7 (50)

28 (54.9)
7 (50)

0.7445

-

4 (66.67)
23 (41.82)
3 (75%)

2 (33.33)
32 (58.18)
1 (25%)

0.4649

a

P < 0.05.

gastric tissue samples from a Brazilian population.
The highest CDH1 hyper methylation frequency
described in the literature was 90% in advanced GC
samples[28], as well as in nonneoplastic tissue[29]. However,
Zazula et al[29] did not find significant differences between
methylation patterns in 84 GC samples and their nonneoplastic controls.
Waki et al [30] evaluated CDH1 methylation status in
nonneoplastic gastric mucosa samples at autopsies. The
authors did not see this gene methylation in nonneoplastic
gastric cells from people who were 22 years and younger.
However, CDH1 methylation was found in 86% of
nonneoplastic gastric epithelia of people who were over
45 years old. Our findings showed only one nonneoplastic
sample without CDH1 methylation from a 20 years old
patient. Thus, our findings confirm those from Waki's
study. The incidence of GC rises with age, pointing
to an association between age-related methylation and
GC development [30,31] . CDH1 hyper methylation in
nonneoplastic gastric epithelia has also been frequently
associated with H pylori infection[31-33].
In our sample, higher CDH1 hyper methylation
frequency may result from the association of age, H pylori
infection, advanced tumor and epidemiological factors,
such as genetics constitution and diet.
In our study, FHIT hypermethylation frequency was
52.3% in GC samples (Table 2). This value is lower than
those from two GC studies in the literature[34,35]. On the
other hand, the FHIT hypermethylation frequency was
61.5% in nonneoplastic samples, which is higher than
in other studies. Roa et al [34] reported that FHIT was
methylated in 62% of 47 GC samples. Schildhaus et al[35]
www.wjgnet.com
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Table 3 Methylation number and frequency in gastric tissue samples, n (%)
Methylation status

Samples
Normal tissue (13)
GC (65)
Diffuse-type GC (35)
Intestinal-type GC (30)

CDH1
M/U
12 (92.31)
65 (100)
35 (100)
30 (100)

FHIT
U
1 (7.69)
0 (0)
0 (0)
0 (0)

M/U
8 (61.54)
34 (52.31)
17 (48.57)
17 (56.67)

MTAP

U
5 (38.46)
31 (47.69)
18 (56.25)
13 (43.33)

M/U
11 (84.62)
49 (75.38)
22 (62.86)
27 (90)

M
2 (15.38)
16 (24.62)
13 (37.14)
3 (10)

PLAGL1
P

0.0249a

M/U
12 (92.31)
43 (66.15)
23 (65.71)
20 (66.6)

M
1 (7.69)
22 (33.85)
12(34.29)
10 (33.33)

U: unmethylated; M/U: methylated and unmethylated; M: methylated. aP < 0.05 vs Intestinal-type GC.

Table 4 Number of hypermethylated genes in gastric tissue samples

Samples (n )
Nonneplastic gastric tissue (13)
Gastric cancer (65)
Diffuse-type GC (35)
Intestinal-type GC (30)

Number of hypermethylated genes
1 or 2

3 or 4

12 (92.31%)
44 (67.69%)
21 (60%)
23 (76.67%)

1 (7.69%)
21 (32.31%)
14 (40%)
7 (23.33%)

P

value
0.0396b

N: number of cases; bP < 0.05.

observed FHIT hypermethylation in all 6 advanced
proximal GC and in 40% (2 of 5 samples) of normal
gastric tissue, suggesting the FHIT hypermethylation is a
precursor for GC.
In our study, FHIT promoter hypermethylation was
detected in 80% (8/10) of nonneoplastic samples with
gastritis or from GC patients, whereas none of the 3
nonneoplastic samples from subjects without gastritis and
without GC were methylated (data not shown). Our findings
suggest that FHIT hypermethylation may be associated
with the start of gastric carcinogenesis, as well as in other
organs[36].
Unmethylated sequences together with methylated
sequences in CDH1 and FHIT promoter may be a
result of allelic heterozygosity, clonal heterogeneity or
contamination by inflammatory cells or stromal.
The methylation status of the MTAP promoter has
never been analyzed in gastric tissue samples, while
this promoter has been described in other neoplasias.
However, methylation in nonneoplastic tissues has never
been described [22,37-40]. Similarly, the MTAP promoter
hypermethylation has never been analyzed by MSP. We
detected methylated sequences for MTAP promoter in
all samples, including nonneoplastic and lymphocytes
samples. Thus, the difference found between MTAP
methylation status in our work and those from the
literature may be due to different CpG islands analyzed, as
well as methodological differences.
We considered the MTAP promoter hypermethylation
when only methylated sequences were observed, comparing with the methylation status in peripheral blood
lymphocytes. The MTAP promoter hypermethylation was
in 24.6% of GC and 15.4% of nonneoplastic samples
(Table 3).
In all samples methylated sequences of PLAGL1 was
also observed, including nonneoplastic and lymphocyte

www.wjgnet.com

samples. The literature shows only one study that evaluated
PLAGL1 methylation status in gastric samples[23], where
MSP was performed for PLAGL1 in 5 GC cell lines,
10 primary GC and one nonneoplastic sample. The
authors observed methylation sequences in all neoplastic
samples, while only one sample showed methylated and
unmethylated sequences. The nonneoplastic sample
presented only unmethylated sequences.
Our findings did not confirm those of Yamashita et al[23]
for the nonneoplastic sample. However, PLAGL1
has been described as a maternal imprinted gene and
hypermethylation leads to transcriptional silencing, as
reported in other neoplasias[41]. Considered an imprinted
gene, we found PLAGL1 hypermethylation in 33.9% of
GC and 7.7% of nonneoplastic gastric samples (Table 3).
Association between DNA hypermethylation and clinicopathological characteristics
In our study, a higher hypermethylation frequency of CpG
islands was found in H pylori infected samples, confirming
findings from studies by El-Omar et al[42,43] and Hmadcha
et al [44]. El-Omar et al [42,43] reported that interleukin-1β
polymorphism led to an upregulation of interleukin-1β
with H pylori infection and was associated with increased
risk of GC. Furthermore, Hmadcha et al[44] described that
interleukin-1β might induce gene methylation through
the production of nitric oxide and the subsequent
activation of DNA methyltransferase. It is possible that
H pylori induces methylation through the production of
interleukin-1β and hence the downstream activation of
nitric oxide and DNA methyltransferase[31].
A higher hypermethylation frequency was associated
with H pylori in diffuse-type, which can be related to its
higher incidence in our samples of diffuse-type GC. H pylori
gastritis is the only known precursor for diffuse-type
GC[45].
In our study, a higher MTAP hypermethylation frequency
was also associated with H pylori infection in gastric samples,
especially in diffuse-type. MTAP hypermethylation in
diffuse-type that is associated with H pylori infection may be
due to a genetic predisposition. An association with female
patients was also observed, which may be related to diffusetype incidence, that is more frequent in female patients[46].
In our study, GC samples without lymph node
metastasis were associated with FHIT hypermethylation.
However, because of the small number of samples without
lymph node metastasis in our study, further studies are

Leal MF et al . Promoter hypermethylation in gastric cancer

necessary to confirm this association.
This is the first study that has evaluated the methylation status of CDH1, FHIT, MTAP and PLAGL1
promoters and their hypermethylation frequencies in
gastric tissue samples in a population from Northern
Brazil. The methylation status of MTAP promoter has
never been investigated in gastric samples. Our findings
show that hypermethylation is associated with gastric
carcinogenesis. The H pylori infectious agent was present
in 44.9% of samples and this infection may be a part of
the carcinogenesis process through the gene promoter
hypermethylation; especially the MTAP promoter in
diffuse-type. Increased H pylori infection in diffuse-type
may also be due to higher genetic predisposition.
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Abstract
AIM: To determine the expression of c-Fos, caspase-3
and interleukin-1β (IL-1β) in the cervical cord and
stomach of rats with cervical spondylosis, to analyze
their relationship, and to offer an explanation of one
possible cause for functional dyspepsia (FD) and irritable
bowel syndrome (IBS) caused by cervical spondylosis.
METHODS: The cervical spondylosis model in rats
was established by destroying the stability of cervical
posterior column. The cord segments C4-6 and gastric
antrum were collected 3 mo and 5 mo after the
operation. Rats with the sham operation were used as
controls. The expressions of c-Fos, caspase-3 and IL-1β
in the cervical cord and gastric antrum were determined
by immunohistochemistry and/or Western blot.
RESULTS: Immunohistochemical staining showed a few
c-Fos, caspase-3 and IL-1β-positive cells in the cervical
cord and antrum in the control. There was a significant
increase in c-Fos, caspase-3 and IL-1β expression in
model groups compared to the control groups at 3 mo
and 5 mo after operation. More importantly, there was
a significant (P < 0.05) increase in c-Fos, caspase-3
and IL-1β expression in the model group rats at 3 mo
compared to those at 5 mo after the operation (c-Fos:
11.20 ± 2.26 vs 27.68 ± 4.36 in the cervical cord, 11.3 ±
2.3 vs 29.3 ± 4.6 in the gastric antrum; caspase-3: 33.83
± 3.71 vs 36.32 ± 4.01 in the cervical cord, 13.23 ± 3.21
vs 26.32 ± 4.01 in the gastric antrum; IL-1β: 42.06 ±
2.95 vs 45.91 ± 3.98 in the cervical cord, 26.56 ± 2.65
vs 32.01 ± 2.98 in the gastric antrum). Western blot

analysis showed time-dependent changes of caspase-3
and IL-1β protein in the cervical cord and gastric antrum
of rats with cervical spondylosis; there was no significant
expression of caspase-3 and IL-1β protein in the control
group at 3 mo and 5 mo after the sham operation,
whereas there was a significant difference in caspase-3
and IL-1β protein levels between the model group rats
followed up for 3 mo and those for 5 mo (P < 0.05).
CONCLUSION: There is a significant association of
c-Fos, caspase-3 and IL-1β expressions in the gastric
antrum with that in the spinal cord in rats with cervical
spondylosis, suggesting that the gastrointestinal function
may be affected by cervical spondylosis.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Many patients with cervical spondylosis complain of
gastrointestinal symptoms. Some are caused by NSAIDs,
but many patients are not taking any medication. There
is a direct or indirect relationship between the neck and
the stomach, called the neck-stomach syndrome. Cervical
pathology, mediated through sympathetic nerves, has been
associated with a number of disorders, which include
about 20 kinds of diseases or symptom-groups, such as
hypertension, cardiac arrhythmias, dizziness, eyesight
malfunction and gastrointestinal dysfunction. Perhaps
the clinical symptoms of cervical spondylosis include
gastrointestinal disorders mediated through irritated
sympathetic nerves. A study reported such a mechanism[1],
but offered no supportive evidence. In the present report,
expression of c-Fos, caspase-3 and IL-1β in the cervical
cord and gastric antrum were examined in rats with
cervical spondylosis and the results were analyzed. If the
longer duration the cervical vertebrae degeneration is
correlated with the increasing levels of c-Fos, caspase-3
and IL-1 β in the cord and in the stomach, then the
hypothesis might be validated.
c-fos is a proto-oncogene or a cellular oncogene,
www.wjgnet.com
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which exists extensively in genomes of eukaryotes. It
participates in normal cell growth and proliferation and
regulates message transfer in cells. Most previous studies
have focused on c-Fos expression that is induced by the
controlled and natural irritations[2-4] Recently, it has been
proven that the normal motion of the digestive tube relies
on reflex activity controlled by extrinsic nerves and enteric
nervous system (ENS). c-Fos as the third messenger,
which regulates the target gene, provides a reliable and
direct method to study the mechanism of functional
gastrointestinal diseases[5]. Our previous study[6] reported
that the c-Fos expression in the gastric myenteric plexus
was dramatically associated with c-Fos expression of the
spinal cord in the rats with cervical spondylosis. It is the
sympathetic nerve that results in the c-Fos expression
both in the spinal cord and the gastric myenteric plexus
in cer vical spondylosis and this sug gests that the
gastrointestinal function may be affected by cervical
spondylosis. To provide further evidence, c-Fos, caspase-3
and IL-1β were detected in the cord and stomach. The
rationale being that caspase-3 is a potential mediator of
apoptosis after central nerve system (CNS) injury[7,8] and
its activation may be used as a marker of apoptotic cell
death. Several studies have provided evidence that cell
death from moderately severe spinal cord injury (SCI) is
regulated, in part, by apoptosis that involves the caspase
family of cysteine proteases[8,9]. In the hippocampus of
aged rats, the concentration of IL-1β is increased and this
increase is accompanied by enhanced caspase-3 activity
indicative of cell death [10]. These findings suggest that
neuronal apoptosis in the CNS is induced by increased
IL-1 β through the activity of the caspase-3 apoptotic
pathway. IL-1β induced apoptosis in neurons in vitro[11]
and in cultured human astrocytes[12] and oligodendrocytes
in vivo[13].
In the present study, after establishing the cervical
spondylosis model of rats according to a previously
described method[6], the cord and stomach were collected
at 3 mo and 5 mo to determine the expression of c-Fos,
caspase-3 and IL-1 β in the cervical cord and gastric
antrum by immunohistochemistry and/or Western blot.

MATERIALS AND METHODS
Animal models
Ninety-six four-month-old Sprague Dawley rats (provided
by the Experimental Animal Center of Shantou University
Medical College, Shantou, China), weighting 250 g (range,
220-280 g), were used in this study. The rats were randomly
divided into model and control groups and fed a normal
diet, with eight in one big cage, and kept for 3 mo and 5
mo, respectively, after the experimental or sham operations
as described below. Each group consisted of 12 male and
12 female rats at each time point.
The rats in the model g roup were anesthetized
by intraperitoneal (ip) injection of 40 mg/kg sodium
pentobarbital . The dorsal neck was shaved and a
longitudinal incision about 2.5 cm was made. The dorsal
muscles were reserved, the spinal processes were removed,
as well as the inter-spinal ligaments, the capsule of articular
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processes and part of the superior and inferior articular
processes between C3-7 levels were removed till the
movement between the neighboring superior and inferior
laminae was obviously increased after the operation, and
the incision was closed. Three and five months after
the operation, the models were confirmed by evaluating
X-ray films and the motion function with oblique board
test according to the previous studies [14,15]. X-ray films
showed disappeared or stiff nature cervical curve, stenosis
of the vertebral space and osteosis spur in the model
groups compared with the control groups. To test motion
function, the rats were put on a tilted board, and the angle
between the board and horizontal plane was recorded,
which showed a significant difference in control groups
and model groups. The rats in the control group (sham
operation group) had only a longitudinal incision on the
dorsal neck which was closed without further intervention.
Immunohistochemistry
T h e r a t s we r e e u t h a n i z e d w i t h a l e t h a l d o s e o f
pentobarbital sodium (100 mg/kg) and perfused via
cardiac puncture with 0.1 mol/L phosphate-buffered
saline (PBS) (pH 7.4; 150 mL) and subsequently with 40%
paraformaldehyde in 0.1 mol/L PBS (250 mL). The cord
and gastric antrum tissues were dissected out and postfixed by immersion in 40 mL/L paraformaldehyde for 3 h
and then cryoprotected by immersion in 200 g/L sucrose
(in PBS) overnight. Tissue segments were embedded in
Tissue-Tek O.C.T. (Lab-Tek Division, Miles Lab, Inc.) and
frozen as previously described[16]. Free-floating transverse
sections (10 μm) were cut with a cryostat.
Immunohistochemical staining was car ried out
using the avidin–biotin complex method as previously
described [6,17]. The concentrations for rabbit anti-IL1β, rabbit anti-caspase-3 and rabbit polyclonal anti-c-fos
primary antibodies were 1:200, 1:200 (Sigma, Genetimes
Technolog y Inc.) and 1:100 000 (diluted in NGS-TPBS). Positive immunoreactive labeling was observed
qualitatively.
The method for gastric neuronal counterstaining was
adapted from previous studies [6,18,19]. c-Fos cells were
counted under microscopy in 25 ganglia from each antral
preparation and expressed as a mean percentage count per
myenteric ganglion. Myenteric ganglia were recognized as
clearly delineated groups of neurons separated by welldefined internodal fiber tracts. The mean from all animals
in each group was used to calculate the group mean. Data
were expressed as mean ± SD of the number of cells
or neurons per ganglion. Buffy spots or particles in cells
were regarded as positive expression of caspase-3 and IL1β. The random sections were observed under the optical
microscope at 200 × magnification, the positive cells were
counted in ten random visual fields, and then the mean in
each group was calculated.
Western blot analysis
At 3 mo and 5 mo after the destabilizing operation,
an 8 mm spinal cord segment was dissected 4 mm
rostral and 4 mm caudal from the center of the C3-7
cord from each group. Five millimeters of the gastric
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Figure 2 Expression of c-Fos in the gastric antrum. A: Control group; B: Model
group; C: Enlarged figure of the model group. Neurons were defined as c-Fospositive when the nucleus was stained with intensity clearly above the faint
background stain, whereas neurons were defined as c-Fos-negative when the
nucleus was either not stained at all or stained with intensity close to background
stain.

Table 2 c-Fos-positive neurons in the antral ganglia between
the two different groups (%, mean ± SD)
Figure 1 Expression of c-Fos in the cervical cord. A: Control group; B: Model
group at 3 mo; C: Model group at 5 mo. There were only a few c-Fos expression
in the cervical cord of the control group, but an increased c-Fos expression in the
model groups at 3 mo and 5 mo after the operation.

Table 1 c-Fos-positive neurons in the cervical dorsal horn in the
two different groups (%, mean ± SD)
Groups
Control group
Model group

Number of c-Fos-positive neurons
3 mo
5 mo
1.25 ± 0.25
1.98 ± 0.60
11.20 ± 2.26
27.68 ± 4.36

antrum including the anterior and posterior wall was
then extracted longitudinally and opened at the greater
curvature, thoroughly rinsed by 0.15 mol/L PBS. The
cord and gastric antrum tissues were resuspended in a lysis
buffer (Cell Signaling Technology) and homogenized in
a homogenizer on ice. Tissue homogenate samples were
centrifuged at 1000 r/min for 10 min at 4℃, and the
supernatants were stored at -30℃. Protein concentrations
in the cell lysates were determined using the Bio-Rad
protein assay (Bio-Rad, Richmond, CA, USA) as following
manufacturer's instructions. For Western blot analysis,
20 μ L of each suspension sample was separated on
120 g/L sodium dodecyl sulphate-polyacrylamide gel
electrophoresis and the proteins were transferred onto
nitrocellulose membranes. Blots were blocked with 50 g/L
non-fat dry milk in Tris-buffered saline (TBS) for 1 h
at room temperature and then the membranes were
incubated with 1:200 diluted monoclonal rabbit anti-rat
antibodies against IL-1 β (Sigma-Aldrich) or caspase-3
(Sigma-Aldrich) overnight at 4℃. The membranes were
then processed with horseradish peroxidase-conjugated
goat anti-rabbit secondary antibody (1:500; SigmaAldrich). Immunoreactive bands were detected by ECL
chemiluminescence kit (Amersham, USA).
Statistical analysis
Data were expressed as mean ± SD. Statistical analysis

Groups
Control group
Model group

Number of c-Fos-positive neurons
3 mo
5 mo
2.4 ± 0.6
3.2 ± 0.8
11.3 ± 2.3
29.3 ± 4.6

was performed using one-way ANOVA. The significant
difference between pairs of groups was tested by post-hoc
analysis. P < 0.05 was considered statistically significant.

RESULTS
c-Fos expression in the cervical cord
There were only a few c-Fos-expressing neurons in the
cervical cord of the control group. However, an increased
c-Fos expression was observed in the model groups at
3 mo and 5 mo after the operation (Figure 1, Table 1).
There was no significant spontaneous c-Fos expression
in the spinal cord in the control group at 3 mo and 5 mo
after sham operation, whereas there was a significant
increase in c-Fos expression in the model group rats. More
importantly, there was a significant difference in c-Fos
expression between the model group rats at 3 mo and
those at 5 mo after the operation (P < 0.05).
Expression of c-Fos in the gastric antrum
The number of c-Fos-positive neurons in the gastric
antrum was expressed as a percentage of the total number
of neurons per ganglion as assessed by cuprolinic blue
counterstaining. There was no significant spontaneous c-Fos
expression in the antrum in the control group at 3 and 5 mo
after the sham operation; whereas there was a significant
increase in c-Fos expression in the model groups. More
importantly, a significant difference in c-Fos expression
was observed between the model group rats at 3 mo and
those at 5 mo after the operation (P < 0.05) (Table 2). c-Fos
expression was seen in Figure 2.
Caspase-3 and IL-1β expression in the cervical cord and
stomach
The caspase-3 and IL-1β expression in the cervical cord
www.wjgnet.com

2578

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

May 14, 2007

A

B

C

D

E

F

G

H

Volume 13

Number 18

Figure 3 Expression of caspase-3 and IL-1β in the cervical cord and stomach. A: An increased immunoreactivity and positive neurons of IL-1β in model group; B: Negative
expression of IL-1β in control group; C: An increased expression of caspase-3 in model group; D: Negative immunoreactivity of caspase-3 in control group; E: Positive
expression of IL-1β in the stomach of model group; F: Negative expression of IL-1β in the stomach of control group; G: An increased expression of caspase-3 in the
stomach of model group; H: Negative immunoreactivity of caspase-3 in the stomach of control group.

Table 3 Cells positive for caspase-3 and IL-1β in the stomach
of rats with cervical spondylosis mean ± SD

Table 4 Cells positive for caspase-3 and IL-1β in the spinal cord
of rats with cervical spondylosis mean ± SD

Groups

Group

3-mo group
5-mo group

Caspase-3-positive cells

IL-1β-positive cells

33.83 ± 3.71
36.32 ± 4.01

42.06 ± 2.95
45.91 ± 3.98

There was no significant difference between the controls, but a significant
difference between the control groups and the model groups at 3 mo and 5
mo after the operation (P < 0.01).

and stomach was examined by immunohistochemistry
(Figure 3, Tables 3 and 4). Buffy spots or particles in cells
were regarded as positive expression of caspase-3 and IL1β. The positive cells were increased both in the cervical
cord and stomach of model group rats. There was no
significant expression in the control group at 3 mo and
5 mo after the sham operation. However, there was a
significant increase both in the cervical cord and stomach
of the model group rats. More importantly, there was a
significant difference in caspase-3 and IL-1β expression
both in the cervical cord and stomach between the model
group rats at 3 mo and those at 5 mo after the operation (P
< 0.05) (Tables 3 and 4).
Western blot analysis of caspase-3 and IL-1β expression
Western blot analysis showed time-dependent changes
of caspase-3 and IL-1β protein in the cervical cord of
rats with cervical spondylosis (Figure 4). Densitometry
readings of gel bands were expressed as arbitrary units.
www.wjgnet.com

3-mo control group
3-mo model group
5-mo control group
5-mo model group

Caspase-3-positive cells

IL-1β-positive cells

2.01 ± 1.36
13.23 ± 3.21
3.26 ± 3.02
26.32 ± 4.01

1.98 ± 2.01
26.56 ± 2.65
2.31 ± 2.48
32.01 ± 2.98

There was no significant difference between the controls, but a significant
difference between the model groups at 3 and 5 mo after the operation
(P < 0.05) and also the control groups vs the model groups at 3 mo and 5 mo,
respectively (P < 0.05).

There was no significant expression of caspase-3 and IL1β protein in the control group at 3 and 5 mo after sham
operation, however, there was a significant expression
in the model group rats. More importantly, there was a
significant difference expression between model group rats
at 3 and those at 5 mo after the operation (P < 0.05).

DISCUSSION
The definition of neck-stomach symptoms is gastrointestinal disorders resulting from cervical spondylosis.
The sympathetic fibers are distributed in the periphery
of the dorsal root ganglion (DRG). The adventive nerves
interact with the neurons of the DRG by a non-synaptic
signaling[20,21]. The sympathetic fibers are distribution in
the Luschka, articular capsule, cervical facet joints, cervical
posterior longitudinal ligaments, posterior annulus fibrosus
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Figure 4 Expression of caspase-3 and IL-1β protein detected by Western blot.
A: Caspase-3 expression in the cord at 3 mo and 5 mo in different groups; B: IL1β expression in the cord at 3 mo and 5 mo in different groups; C: Caspase-3
expression in the gastric antrum at 3 mo and 5 mo in different groups; D: IL-1β
expression in the gastric antrum at 3 mo and 5 mo in different groups.

and vertebral artery. Parts of cervical nerve roots connect
with superior cervical ganglion via postganglionic fibres.
When the sympathetic fibers are irritated, the clinical
syndromes result from the spinal and brain-spinal reflex
pathways[22].
The mechanism of neck-stomach syndrome is that
when the sympathetic nerve is irritated by nerve roots,
degenerated disc and facet joints disorders due to
osteophytes, cervical muscle overexertion and/or injury,
the irritation reaches to the brain cortex by nerve reflex
and produces a higher or lower sympathetic irritability, and
then results in multiple dysfunctions of the neck, upper
limbs, cardiac and gastrointestinal reflexes, etc.
c-Fos as the third messenger provides a reliable and
shortcut method to study the mechanism of functional
gastrointestinal diseases[5]. Gilby et al[23] reported c-Fos, as a
third messenger, regulates target gene expression and plays
a key role in nerve system signal transmission. A study
showed that expression of c-Fos proto-oncogene in fetus
cerebral nerve cell cultured in vitro was regulated specially
by IL-1β in time course[24].
Many studies have shown that c-Fos expression is
related to functional gastrointestinal diseases, such as c-Fos
abnormal expression in intestinal myenteric plexus and
CNS in inflammatory bowel disease (IBD), irritable bowel
syndrome (IBS) and Crohn's disease[25,26]. Enteric nervous
system (ENS) owns a strong biological compatibility,
and c-Fos may be a good index of ENS to short and/or
chronic gastrointestinal irritation[25-27].
In our study, Western blot analysis showed timedependent changes of caspase-3 and IL-1 β protein in
the cervical cord and gastric antrum of rats with cervical
spondylosis. We observed an increased c-Fos, caspase-3
and IL-1 β expression in model group rats at 3 and 5
mo after operation by immunohistochemistry staining.
Interestingly, we found a significant difference in c-Fos,
caspase-3 and IL-1 β expression between the model
group rats at 3 mo and those at 5 mo after the operation.
Expression of c-Fos, caspase-3 and IL-1β in the gastric
antrum were dramatically associated with that in the spinal
cord of rats with cervical spondylosis, suggesting that
the gastrointestinal function may be affected by cervical
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spondylosis and that the c-Fos expression may be regulated
by IL-1β. Further studies need to validate this hypothesis.
Because of the accumulated knowledge of diseases,
there is a rapid transition in modern medical sciences from
the simple biological pattern based on unity biology to
the biology-psychology-society pattern. The traditional
"functional gastrointestinal disorders" in the past are
now known as multiple physical and patho-physiological
diseases involving gastrointestinal motility, gut sensitivity,
brain-intestine axis, brain-intestine peptides, societyphysiology factors and stress. Especially, the conception
of brain-intestine axis and neurogastroenterology has been
put forward, which indicates that the alimentary canal is
controlled by both motor and sensory nerves. When a
nerve is injured, the lesion will impact on both the sense
and motion realms. Even though the lesion is limited in
only one realm, the change will result in the change of
other region's function[28,29]. Theoretically, only when the
gastrointestinal tract and CNS are integratively investigated,
can the multiple physical and pathophysiological diseases
be further understood.
The previous studies had proven mechanisms of FD
and IBS were associated with CNS[28,30]. In the present
study, we found the same results and believe that there are
relationships between the neck and stomach.
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Abstract
AIM: To characterize and compare genotype profiles of

H pylori strains isolated from patients with chronic
gastritis and duodenal ulcer in western part of Turkey.

METHODS: A total of 46 patients [30 chronic gastritis
(CG) and 16 duodenal ulcer (DU)] who had undergone
endoscopy because of dyspeptic complaints were
studied. The antral biopsy specimens were evaluated for
the presence of H pylori by rapid urease test and culture,
and the genotype profiles were determined by real-time
PCR.
RESULTS: The cagA gene was observed in 43 (93.5%)
isolates. The vacA s1m2 genotype was the predominant
subtype, found in 63.3% and 68.7% of isolates in
patients with CG and DU, respectively. Twenty (66.6%)
isolates from patients with CG were iceA2 positive while
the iceA1 was predominant in those with DU (68.8%).
In terms of the association of the iceA alleles to other
genes, both alleles were significantly associated with the
cagA vacA s1m2 genotype.
CONCLUSION: The prevalent circulating genotypes
in CG and DU were cagA vacA s1m2 iceA2 and cagA
vacA s1m2 iceA1 genotype, respectively. It was found
that cagA vacA s1m2 genotype seems to be common
virulence factors in both CG and DU while iceA alleles
show specificity for gastroduodenal pathologies in this
study.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Bacterial colonization of the gastrointestinal tract of
humans and other animals is still an interesting matter of
study for microbiologists and gastroenterologists. H pylori
is a fastidious Gram-negative bacterium that colonizes in
human gastric mucosa. It had been estimated that more
than half of the world's population is infected with this
organism[1]. H pylori infection is a major cause of chronic
gastritis (CG) and the small number of patients develop
severe complications such as duodenal ulcer (DU),
gastric ulcer, gastric cancer, and gastric non-Hodgkin's
lymphoma of mucosa-associated lymphoid tissue (MALT
lymphoma). Variation in clinical outcomes has been
attributed to differences in environmental factors and
host genetics, together with bacterial genotypes [2,3]. In
this regard, the high genetic variability that characterizes
H pylori and the influence of particular virulence genes
(especially cagA , vacA, and iceA) on clinical outcome
of H pylori infection have been reported from different
geographic regions[4-8].
A strain-specific H pylori gene, cagA, was considered as
a marker for the presence of a pathogenicity island (cagPAI) which encodes several proteins implicated in the
pathogenesis of H pylori[9]. Some of the genes in the island
encode a type Ⅳ secretion system, which can translocate
the CagA protein into target cells. It is also reported that
the other genes are particularly associated with epithelial
cell responses such as higher level of IL-8 and increased
leukocyte infiltration[10,11]. It has been thought that cagA
positive H pylori strains were associated with a more severe
clinical outcome of H pylori infection[9] although there was
no association between cagA status and the outcomes in
Asia[6,12,13].
The vacA gene encodes the vacuolating cytotoxin which
causes damage in epithelial cells. The gene possesses two
regions; a signal region (s1 and s2 alleles) and a midregion
(m1 and m2 alleles)[14,15]. Although the vacA gene is present
in every H pylori strain only about half of the strains
produce the active cytotoxin because the production of
cytotoxin is related to the mosaic combination of s and
m allelic types. The vacA s1m1 genotype is thought to be
associated with more severe pathologies[16].
The other virulence gene, iceA which has a significant
www.wjgnet.com
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homology to a type II restriction endonuclease is also
associated with H pylori infection[17]. Two allelic variants,
iceA1 and iceA2, have been identified. The iceA2 positive
strains have been reported more prevalant among patients
with non-ulcer dyspepsia while H pylori strains possess
iceA1 allele have been more prevalant in peptic ulcer
disease[5,17].
The previous studies focused on determining the
genotype profiles of H pylori isolates in different clinical
outcomes of H pylori infection in Turkey were limited
and carried out in different geographic regions which has
different environmental factors, and nutritional habits,
together with different lifestyle[8,18-20]. Therefore, the aims
of this study were to characterize and to compare the
genotype profiles of H pylori isolates in patients with
chronic gastritis and duodenal ulcer in the western part of
Turkey.

MATERIALS AND METHODS
Patients and clinical samples
A total of 46 patients with dyspeptic complaints (30
women; mean age 49.5 and 16 men; mean age 46.9)
who had undergone endoscopy in Pamukkale University
Hospital were included. The exclusion criteria were
briefly: treatment with antibiotics, non-steroidal antiinflammatory drugs or proton pump inhibitors during
the last 2 wk before endoscopy, having severe systematic
disease, and uremic disease. The patients were divided into
two groups as CG (n = 30) and DU (n = 16) according
to the endoscopy reports. Written informed consent for
participation was obtained from every patient before the
study. The study protocol was approved in advance by
the Human Institutional Review Board of Pamukkale
University Medical School, and was performed in accordance with the Decleration of Helsinki. Antral biopsy
specimes were evaluated for the presence of H pylori by
rapid urease test and culture. The genotype profiles of
H pylori isolates were determined by real-time PCR.
Rapid urease test and culture
For rapid urease test, the specimens were inoculated into
the CLOtest (Kimberly Clarck, USA). A positive result
was recorded when the color changed from yellow to pink
within 24 h.
For bacterial culture, the biopsy specimens were inoculated on Brain Heart Infusion Agar (Difco) containing 7%
horse blood and H pylori selective supplement (Oxoid-SR
147E). The agar plates were incubated under microaerophilic
conditions (5% O2, 10% CO2, 85% N2) at 37℃ for up to 7 d.
Colonies were identified as H pylori according to standard
criteria including negative Gram's staining, typical cell
morphology, and positive reactions for catalase, oxidase and
urease.
DNA isolation from gastric biopsy specimens and realtime PCR
H pylori genomic DNA was extracted from the biopsy
specimens using the QIAamp DNA mini kit (Qiagen,
Istanbul) as described by the manufacturer. One hundred
www.wjgnet.com
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microliters of elution buffer was used to resuspend the
DNA. The genomic DNAs were stored at 4℃ until used
as a template in real-time PCR.
For real-time PCR, each reaction tube contained 2 µL
of LightCycler FastStart Master SYBR Green I (Roche,
Izmir), 12.4 µL of PCR-grade H2O, 1.6 µL of 25mmol/L
MgCl2, 2 µL of a 10mmol/L concentration of primer set,
and 2 µL of template DNA in a 20 µL PCR mixture. All
oligonucleotide primers designed by Yamaoka et al[6] were
used in real-time PCR and synthesized by TıbMolbiol
(Berlin, Germany). The reaction protocol for cagA was as
follows: an initial FastStart Taq DNA polymerase activation
phase at 95℃ for 10 min; a 35 cycle amplification phase
consisting of a 95℃ denaturation segment for 10 s, a 55℃
annealing segment for 5 s, and a 72℃ extension segment
for 10 s. After completion of the amplification process,
the reaction mixture was denaturated 95℃ for 0 s, held at
65℃ for 18 s, and then slowly heated to 95℃ at a ramp
rate of 0.2℃ per second. The cagA real-time PCR protocol
was used with little modifications for other oligonucleotide
primers. At the end of the cycles, a cooling step at 40℃
for 30 s was performed for each reaction.
All runs were included one negative DNA control
consisting of PCR-grade water and two or more positive
controls (HP 26695, HP J99 and some clinical isolates, a
gift from Dr. Yamaoka, Baylor College, Texas, USA).
Statistical analysis
The χ 2 test was used to compare differences in the
prevalence of H pylori genotypes between groups. P values
of < 0.05 were considered significant.

RESULTS
Patients were considered infected with H pylori infection if
the biopsy specimens gave positive results in any one of
the following tests: CLO test, culture, or real-time PCR.
The rapid urease test and culture were positive in 78.2%
and 86.9% of the specimens, respectively. Out of 46
specimens analyzed, all (100%) gave informative results by
real-time PCR.
The cagA, vacA and iceA genotypes of H pylori isolates
were determined by melting curve analysis of real-time
PCR. The following isolates were also tested and found
negative by real-time PCR: Campylobacter jejuni, Escherichia
coli, Salmonella enterica serovar Enteritidis and Staphylococcus
aureus (data was not shown). The melting temperatures
for cagA, vacA s1, vacA s2, vacA m1, vacA m2, iceA1, and
iceA2 were 80.08℃, 86.44℃, 76.15℃, 82.85℃, 84.59℃,
83.06℃, and 79.02℃, respectively.
In this study, it was found that only three of 46 (6.5%)
H pylori isolates were cagA negative, whereas the remaining
43 (93.5%) isolates were cagA positive. Of the cagA negative
isolates, two were isolated from patients with CG. The
prevalence of cagA gene was 93.3% and 93.75 in H pylori
isolates in patients with CG and DU, respectively. There
were no statistically significant differences between the cagA
positivity and CG or DU (Figure 1).
All DNA extracts described in this study were positive
for the vacA gene. For the vacA s and m region, 41/46
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(89.1%) isolates were the type s1 and 38/46 (82.6%)
isolates were the type m2. The vacA s1m2 genotype was
the predominant subtype, being found in 63.3% of the
isolates in patients with CG and 68.7% of those with DU.
No vacA s2m1 genotype was determined in this study
(Figure 1). No correlation between the vacA genotype
and both gastroduodenal pathologies was observed. The
presence of the vacA s1m2 genotype in combination with
cagA were 73.3% and 68.7% of the isolates in CG and DU,
respectively.
In this study, the iceA1 allele was detected in 45.7%
(21/46) of the H pylori isolates, and the iceA2 allele was
detected in 54.3% (25) of the isolates. The iceA1 allele was
significantly associated with DU (68.8%, P < 0.05) while
there was a significant relationship between iceA2 allele and
CG (66.6%, P < 0.05) (Figure 2).

DISCUSSION
Several epidemiological studies have been reported the
influence of particular virulence genes (especially cagA,
vacA, and iceA) on clinical outcome of H pylori infection in
different geographic regions[4-8]. This study was designed
to characterize and to compare the genotype profiles of
H pylori strains isolated from patients with chronic gastritis
and duodenal ulcer in western part of Turkey.
In this study, the prevalence of cagA gene was 93.3%
and 93.75 in H pylori isolates in patients with CG and
DU, respectively. The result obtained from the isolates in
the patients with DU is in agreement with other studies
carried out in patients with DU in Turkey (85%-89%)[8,18].
However, the cagA prevalence in total is similar to those
reported in Asia[6,12,21] and Ireland[22] but higher than those
in Western countries[5,23,24]. Interestingly, the high prevalence
of cagA (93.3%) in isolates of patients with CG was
observed. The presence of cagA is known as a predictive
marker for cag-PAI. Although intact cag-PAI was associated
with the development of gastroduodenal pathology[25] it
was also recently reported that this island was not intact
in many strains across the world[26]. Therefore, the high
prevalence of cagA in CG could not be explained precisely,
a possible reason to explain this phenomenon is that the
cagA positive strains with nonintact PAI might likely carry

0

iceA1

iceA2

Figure 2 iceA alleles show specificity for chronic gastritis and duodenal ulcer
disease.

deleted or nonfunctional virulence genes[25].
The vacA gene was detected in all strains. The vacA
s1m2 genotype predominant irrespective of the clinical
outcome was also predominant in strains from Western
countries including Turkey[4,18,22,27]. Aydin F et al[19] reported
the vacA s1m1 genotype was the common vacA genotype
in Black sea region located in Asian part of Turkey. The
prevalence of vacA s1m1 genotype in our study was 6.6%
and 25% of the strains in patients with CG and DU,
respectively. The assesment of vacA gene mosaicism found
only three out of the four possible combinations, the
s2m1 mosaicism being never detected in our series, which
was typically observed in strains from Western country
including Turkey[18,19,22,24]. In this study, the cagA vacA s1m2
genotype was predominant genotype, and there was no
significant relationship between both of the pathologies,
indicating that the genotype was common virulence factors
of H pylori.
Although the function of iceA gene is not clear, it
is known that the expression of the gene is induced by
contact between H pylori and the epithelial cells of the
stomach [17]. The previous studies focused on the iceA
genotyping in Turkey was limited. One of them reported
that there was no significant association between the iceA
genotype and clinical outcome of H pylori infection [20]
while the other was found the iceA allele was significantly
higher among patients with gastric cancer when compared
to patients with non-ulcer dyspepsia[18]. In present study,
most H pylori strains (66.6%) isolated from patients with
chronic gastritis had iceA2 allele while iceA1 allele was
predominant in those with duodenal ulcer disease (68.8%).
This difference was statistically significant. In terms of the
association of the iceA1 allele to DU, there is an agreement
with the previous studies carried out in the USA [6] ,
China[28], and Netherland[5] but in contrast to the results
reported from Japan[6]. The high prevalence of the iceA2
allele in patients with CG was also observed in the USA[6].
Such differences the discrepant results between the iceA
alleles and the clinical outcome of H pylori infection could
be explained by the genetic heterogenity or to differences
in the geographic locations as were previously reported for
the other virulence genes[29,30].
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In summary, the prevalent circulating genotypes in CG
and DU in western part of Turkey were cagA vacA s1m2
iceA2 and cagA vacA s1m2 iceA1 genotype, respectively. It
was also found that cagA vacAs1m2 genotype seems to be
common virulence factors in both chronic gastritis and
duodenal ulcer disease while iceA alleles show specificity
for gastroduodenal ulcer disease. To understand the
pathogenesis of the infection, the population genetics
of H pylori together with host response including genetic
predisposition and immune response, and environmental
factors should also be considered.
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Abstract
AIM: To assess the effectiveness of minimally invasive
versus traditional open surgical approach in the treatment
of Zenker diverticulum.
METHODS: Between 1976 and 2006, 297 patients
underwent transoral stapling (n = 181) or stapled
d i ve r t i c u l e c t o my a n d c r i c o p h a r y n g e a l myo t o my
(n = 116). Subjective and objective evaluations of the
outcome of the two procedures were made at 1 and
6 mo after operation, and then every year. Long-term
follow-up data were available for a subgroup of patients
at a minimum of 5 and 10 years.
RESULTS: The operative time and hospital stay
were markedly reduced in patients undergoing the
endosurgical approach. Overall, 92% of patients
undergoing the endosurgical approach and 94% of those
undergoing the open approach were symptom-free or
were significantly improved after a median follow-up of
27 and 48 mo, respectively. At a minimum follow-up of
5 and 10 years, most patients were asymptomatic after
both procedures, except for those individuals undergoing
an endosurgical procedure for a small diverticulum (< 3
cm).
CONCLUSION: Both operations relieve the outflow
obstruction at the pharyngoesophageal junction,
indicating that cricopharyngeal myotomy has an
important therapeutic role in this disease independent of
the resection of the pouch and of the surgical approach.
Diverticula smaller than 3 cm represent a formal
contraindication to the endosurgical approach because
the common wall is too short to accommodate one
cartridge of staples and to allow complete division of the
sphincter.
© 2007 The WJG Press. All rights reserved.
www.wjgnet.com
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INTRODUCTION
Surgical resection has represented the therapy of choice
for Zenker diverticulum for many decades. Only during
the second half of the last century it was recognized that
correction of the functional obstruction caused by the
upper esophageal sphincter is an important component
of the surgical procedure [1,2] . Recent developments
in minimally invasive surgery have led to the use of
endoscopic stapling devices to divide the septum between
the esophagus and the pouch in order to relieve the
outflow obstruction at the pharyngoesophageal junction[3,4],
but no very long-term follow-up data (> 10 years) have
been reported yet with this procedure. The aim of this
retrospective study was to compare the late outcome of
the endosurgical and open surgical approach for Zenker
diverticulum.

MATERIALS AND METHODS
Subjects
Three-hundred and seventy consecutive patients underwent
surgery for symptomatic Zenker diverticulum between 1976
and 2006 in our institution. During this 30-year study period,
a variety of surgical procedures were performed, including
transoral stapling (n = 181), diverticulectomy and myotomy
(n = 167), diverticulopexy and myotomy (n = 12), myotomy
alone (n = 5), diverticulectomy alone (n = 4), diverticulum
invagination (n = 1). Since 1992, when endostaplers became
available for laparoscopic surgery[3,4], transoral endostapling
has become the preferred approach to the treatment of
pharyngoesophageal diverticulum in our institution. The
outcomes of the two most common and recently performed
techniques, i.e., transoral endostapling (n = 181), and stapled
open resection plus cricopharyngeal myotomy (n = 116),
form the basis of this report.
Preoperative workup included barium swallow, upper
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gastrointestinal endoscopy, and esophageal manometry
in the majority of patients. At endoscopy, the depth of
the diverticulum (cm) was measured from the upper
esophageal sphincter to the bottom of the pouch. The
remaining esophagus was examined for the presence of
associated disease. A thin guide-wire inserted at the end
of the endoscopic examination was often used to assist
in positioning the manometric catheter. More recently,
pharyngoesophageal transit scintigraphy was performed
pre- and postoperatively in individuals undergoing the
endosurgical approach. The patients were kept on a
clear liquid diet the day before the operation. Whenever
necessary, especially in elderly individuals, intravenous
antibiotics, intensive respiratory physiotherapy, and
nutritional support were administered before surgery.
Technique of transoral endostapling
The operation was routinely performed under general
endotracheal anesthesia. The surgeon was sitting behind
the patient's head. The hypopharynx was entered with a
modified Weerda diverticuloscope (Storz) which was gently
advanced right behind the endotracheal tube until the
cervical esophagus was reached. A 5 mm wide-angle 0°
telescope connected to a cold-light source and a videocamera allowed to insert the instrument under vision with
a magnified vision of the operative field on a television
screen. By slowly withdrawing the instrument, the septum
between the esophagus and diverticulum was identified
and centered in the operative field. The two self-retracting
valves of the diverticuloscope, which can be approximated
and angulated to fit the patient's hypopharyngeal anatomy,
were allowed to enter the diverticulum and esophageal
lumen, respectively. The length of the diverticulum (cm)
was measured using a graduated rod. This maneuver
also allowed to straighten the pouch and to elongate the
common wall. An ETS 35 linear endostapling device
(Ethicon Endo-surgery) was used to divide the septum. The
anvil was placed in the lumen of the diverticulum and the
cartridge into the lumen of the cervical esophagus. The
instrument jaws were approximated across the septum in
the midline before firing. With a single application of the
endostapler, the posterior esophageal wall was sutured to
the wall of the diverticulum, and the tissue was transected
between three rows of staples on each side. Multiple
stapler applications might be necessary according to the
size of the diverticulum. Electrocoagulating endosurgical
scissors might be used to complete the section at the distal
end of the staple line. After removal of the stapler, the
two wound edges retracted laterally due to the division
of the cricopharyngeal muscle. A gastrographin swallow
study was performed on the first postoperative day. The
patient was then allowed to drink and eat a soft diet and
discharged from the hospital.
Technique of open diverticulectomy and cricopharyngeal
myotomy
The operation was performed under general anesthesia,
local anesthesia, or C5-C6 superselective spinal anesthesia.
The patient was positioned supine on the operating
table with a small pillow under the shoulders. The head
was hyperextended and slightly turned to the right side.
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The skin incision, centered at the level of the cricoid
cartilage, was made along the anterior border of the left
sternocleidomastoid muscle. The subcutaneous tissue
and platysma were divided. The pharynx and cervical
esophagus were exposed by retracting the sternocleidomastoid and carotid sheath laterally, and the larynx and
thyroid gland medially. The omohyoid muscle, middle
thyroid vein, and inferior thyroid artery were divided.
Care was taken not to injury the recurrent laryngeal nerve
which runs in the tracheoesophageal groove. The diverticulum was identified, grasped with Duval forceps, and
retracted cephalad. The loose connective tissue surrounding the pouch was dissected to identify its neck on the
posterior pharyngeal wall. The transverse fibers of the
cricopharyngeal muscle could be seen just below the neck
of the diverticulum. At this point, right-angle forceps
could be used to develop a dissection plane inferiorly
between the muscolaris and mucosa, and myotomy was
performed using curved scissors for a length of about 5
cm on the cervical esophagus. The edges of the muscle
were gently separated until the underlying mucosa was
exposed. A Foley catheter inserted through the mouth and
progressively withdrawn with the balloon inflated might
be useful to distend the pharyngoesophageal junction
during division of the muscle layer. The diverticulum
was then transected using a TA 30 linear stapler (Tyco). A
gastrographin swallow study was routinely performed on
postoperative d 2 before resuming a soft diet.
Follow-up
Patients were scheduled for an office visit at 1 and 6 mo
after operation. Generally, a barium swallow study was
obtained at the 1 year office visit and whenever dysphagia,
pharyngo-oral regurgitation, or aspiration symptoms
occurred. Patients were regularly interviewed by letter or
by phone every year throughout the follow-up, and also
invited to volunteer for upper gastrointestinal endoscopy
and esophageal function studies.
Statistical analysis
A 2-tailed Student t test for paired values was used when
appropriate for data analysis. P < 0.05 was considered
statistically significant. Values are expressed as mean ± SD.

RESULTS
The main demographic and clinical data and the outcome
of the patient population are reported in Table 1.
One patient died of pulmonary embolism during the
postoperative period, giving an overall mortality rate
of 0.3%. With the endosurgical approach there were
8 conversions (4.4%) to open surgery due to difficult
exposure of the septum and in one of these individuals a
mucosal tear occurred during insertion of the endostapler.
One transient left recurrent palsy and 1 wound hematoma
requiring surgical revision occurred in patients undergoing
the open approach; there were also 2 leaks from the
staple line treated conservatively and healed within two
weeks. The hospital stay was markedly reduced in patients
undergoing the endosurgical approach.
Eight patients in the endosurgical group (4.4%) comwww.wjgnet.com
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Table 1 Demographic data, clinical features and outcome in the
patient population
Transoral stapling Stapled resection +
(n = 181)
myotomy (n = 116)
Age (median/range)
64/37-95
62/30-84
Male/female ratio
3.5:1
2.7:1
Dysphagia (%)
100
100
Aspiration (%)
23
19
Hiatal hernia/GERD (%)
9
12
Weight loss (%)
32
17
Pouch size - cm (median,range)
4/2.5-8
4/1-9
Regional anesthesia (n)
0
15
Mean operative time (min)
19
70
Postop. mortality (%)
0
0.8
Leaks from staple line (%)
0
1.7
Recurrent nerve palsy (%)
0
0.8
Dental injuries (%)
1.1
/
Conversions (%)
4.4
/
Mean hospital stay (d)
3
8
Reoperation (%)
4.4
1.7
Lost to follow-up (% patients)
9.9
18.1
Median follow-up (mo)
27
48
Asymptomatic (% patients)
92
94

plained of persistent postoperative symptoms requiring
an endosurgical procedure in 5, laser treatment by flexible
endoscopy in 2, and open surgery in 1. Two patients in the
open approach group (1.7%) required reoperation due to
a recurrent diverticulum. Follow-up data were available for
257 patients (86.8%). Overall, 92% of patients undergoing
the endosurgical approach and 94% of those undergoing
the open approach were symptom-free or significantly
improved after a median follow-up of 27 and 48 mo,
respectively. Pre- and postoperative manometric data
in the two groups of patients are reported in Table 2.
Radionuclide studies were performed in a subgroup of
patients (n = 15) undergoing the endosurgical approach
and showed a statistically significant reduction of upper
esophageal residual activity at 1 min compared with
preoperative values (P = 0.006).
Long-term follow-up data were available for a subgroup of patients at a minimum of 5 and 10 years after
the endosurgical and open procedure. Most patients
were asymptomatic after both procedures, except for
those undergoing an endosurgical procedure for a small
diverticulum (< 3 cm) (Table 3).

DISCUSSION
It is currently believed that inadequate opening of the
upper esophageal sphincter, resulting from fibrosis
of the cricopharyngeal muscle, considerably increases
hypopharyngeal intrabolus pressure and leads to formation
of a pulsion (Zenker's) diverticulum [5-7]. It is for this
reason that surgical resection or suspension of the pouch
performed without a concomitant myotomy may fail to
relieve dysphagia and to prevent complications or recurrence
of the diverticulum. Cricopharyngeal myotomy creates a
weak area in the muscle over which pharyngeal pressure
can be distributed during swallowing[8-13]. Transoral stapling
of the septum interposed between the esophagus and
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Table 2 Comparison of pre- and postoperative manometric data
Endosurgical (n = 43) Open (n = 24)
Pre/post
Pre/post
Pharyngeal pressure (mmHg)
47.9/42.4
36.4/34.3
UES resting pressure (mmHg)
52.4/31.5b
38/20b
U.E.S. residual pressure (mmHg)
3.4/2
6.2/0.7a
UES length (cm)
2.5/2.3
3.1/2.4a
a

P < 0.05, bP < 0.01.

Table 3 Late clinical follow-up results expressed as proportion
of asymptomatic patients

5 yr, n/n (%)
10 yr, n/n (%)

Endosurgical
> 3 cm
44/47 (93.6)
29/35 (82.8)

Open
< 3 cm
4/8 (50)
2/6 (33.3)

30/31 (96.7)
16/19 (84.2)

diverticulum leads to a similar physiological effect and the
only difference is that this latter procedure does not remove
the pouch itself but creates a common cavity[3].
Treatment of Zenker diverticulum is indicated, regardless of its size, to relieve the disabling symptoms of oropharyngeal dysphagia and pharyngo-oral regurgitation, and
to prevent the life-threatening complication of aspiration
pneumonia and lung abscess which commonly occur in the
elderly population. The poor nutritional intake associated
to the swallowing disorder and the tendency of the pouch
to progressively enlarge represent the additional arguments
in favor of early treatment. Pill-entrapment in the pouch
is a further concern in patients with serious comorbidities
who receive life-saving drug therapy[14]. Development of a
squamous-cell carcinoma is a possible, although rare, longterm complication[15].
The results of this study show that both the transoral
and surgical procedures are safe and effective in the treatment of Zenker diverticulum. Although it may be unfair
to compare the more recent series of transorally treated
patients with the historical cohort of surgically treated
patients, it appears that the endosurgical approach has
some distinct advantages. Unlike the traditional surgical
approach, which varies depending on the preference of the
individual surgeon, the endoscopic approach is focused on
the upper esophageal sphincter. In fact, stapling the septum
interposed between the pouch and cervical esophagus
allows the creation of a common cavity with simultaneous
section of the upper esophageal sphincter. Compared to
the conventional surgical opera-tion, the advantages of
endostapling include absence of skin incision, shorter
operative time, minimal or absent postoperative pain,
quicker resumption of oral feeding, and shorter hospital
stay[16]. An additional advantage of this approach is expected
in patients who have undergone surgery in the left side
of the neck or present with recurrent diverticulum after
a conventional operation[17]. In such circumstances, the
open approach may pose a major technical challenge to the
surgeon and is associated with a high risk of recurrent nerve
injury or leakage from the suture line.
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The endoscopic approach may prove difficult in
patients with cervical osteoarthritis, and in those with
a reduced opening capacity of the mouth. The best
indication to this procedure is represented by mediumsized diverticula in which at least two staple cartridges
can be applied and an adequate cricopharyngeal myotomy can be achieved. Diverticula smaller than 3 cm in
depth represent a formal contraindication to the endosurgical approach because the common wall is too short
to accommodate one cartridge of staples and to allow
complete division of the sphincter. This would result
in an incomplete myotomy causing persistent dysphagia
as it occurred in our series. Although the postoperative
outcome of these patients, who are often elderly and
compromised, suggests a greater comfort and a quicker
recovery compared to the conventional operation, it should
be taken into account that the endosurgical approach
requires a general anesthesia. Therefore, in patients with
excessive operative risk, a conventional operation carried
out under regional anesthesia still remains the procedure
of choice.
At present, there is no evidence from high quality randomised controlled studies to establish which procedure is
superior. It is clear that both operations relieve the outflow
obstruction at the pharyngoesophageal junction, indicating
that cricopharyngeal myotomy has an important therapeutic
role in this disease independent of the resection of the
pouch and of the surgical approach. Future trials may
indicate the role of a tailored approach in the management
of Zenker diverticulum[18]. Based on the findings of this
study, we conclude that the endosurgical approach is as safe
and effective as the open surgical procedure, provided that
at least the entire length of the stapler cartridge (3 cm) can
be applied to the septum. A small diverticulum limits access
to the stapler head and it may not be possible to perform an
adequate myotomy.
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This is an interesting review of the authors' experience.The authors report on a
large series of patients with Zenker diverticulum (n = 297). In this retrospective
study, the transoral endosurgical approach (n = 181) was compared with a
historical group of patients undergoing open diverticulectomy (n = 116). A subgroup
of patients were followed up for 5 and 10 years, respectively.
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with CI achieving 79% of success at a mean followup of 10.5 years. A prospective controlled evaluation
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approach in patients with CI.
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Abstract
AIM: To evaluate the results of sub total colectomy with
cecorectal anastomosis (STC-CRA) for isolated colonic
inertia (CI).
METHODS: Fourteen patients (mean age 57.5 ± 16.5
year) underwent surgery for isolated CI between January
1986 and December 2002. The mean frequency of bowel
motions with the aid of laxatives was 1.2 ± 0.6 per week.
All subjects underwent colonoscopy, anorectal manometry,
cinedefaecography and colonic transit time (CTT). CI was
defined as diffuse markers delay on CTT without evidence
of pelvic floor dysfunction. All patients underwent STCCRA. Long-term follow-up was obtained prospectively by
clinical visits between October 2005 and February 2006
at a mean of 10.5 ± 3.6 years (range 5-16 years) during
which we considered the number of stool emissions, the
presence of abdominal pain or digitations, the use of pain
killers, laxatives and/or fibers. Patients were also asked if
they were satisfied with the surgery.
RESULTS: There was no postoperative mortality.
Postoperative complications occurred in 21.4% (3/14). At
the end of follow-up, bowel frequency was significantly
(P < 0.05) increased to a mean of 4.8 ± 7.5 per day (range
1-30). One patient reported disabling diarrhea. Two
patients used laxatives less than three times per month
without complaining of what they called constipation.
Overall, 78.5% of patients would have chosen surgery
again if necessary.
CONCLUSION: STC-CRA is feasible and safe in patients
www.wjgnet.com

INTRODUCTION
Constipation is a common problem, with an estimated
prevalence of 2%-20% [1,2]. It is one of the more presenting complaints to both general practitioners and
gastroenterologists, and carries a significant economic
impact. In the vast majority of patients with constipation,
restoration of bowel habits is achieved by dietary fiber
supplements or the use of laxatives.
Severe lifestyle-altering chronic constipation is indeed
rare and the surgical treatment of slow transit constipation
concerns approximately 10% of patients after the failure
of an aggressive and prolonged trial of laxatives, fibers
and prokinetics[3]. Before referral for surgical treatment,
an eventual contribution of pelvic floor dysfunction to
constipation must be carefully diagnosed[4,5]. Indeed, it was
shown that patients with slow transit constipation without
outlet delay are the best responders to surgical treatment[6].
The standard surgical procedure for severe constipation
is subtotal colectomy with ileorectal anastomosis (STCIA)[7-9]. However, STC-IA leads to small bowel obstruction,
in 8% to 50% of cases with a relaparotomy rate ranging
from 0% to 14% (for review see[3]). Furthermore, in recent
studies, STC-IA also resulted in intractable diarrhoea in
6% to 17% of patients with a disabling modification of
stool consistency in approximately 30% of patients 8 years
after surgery[6]. Recurrent constipation requiring laxatives
has been reported to occur in 27% of cases[10]. Subtotal
abdominal colectomy with cecorectal anastomosis (STCCRA) is an alternative procedure that has, for instance,
received little attention. However, STC-CRA offers the
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theoretical advantage of retaining the ileocecal valve to
enhance absorption of water within the terminal ileum,
thus diminishing diarrhea. Sarli and colleagues have shown
favorable short-term results of this surgical technique in
a carefully selected series of patients with colonic inertia
(CI) [11]. In the present study we report the long-term
results of STC-CRA in a cohort 14 patients with isolated
CI.

MATERIALS AND METHODS
Selection of patients
Between January 1986 and December 2002, 14 patients
with isolated chronic idiopathic slow transit constipation
were operated upon using STC-CRA. All complained of
severe, long lasting and disabling constipation that strongly
impaired their quality of life. None of them was capable of
having a bowel movement without the chronic use and/or
association of laxatives, prokinetics and fibers. Preoperative
investigations included full history and clinical expertise
with inspection and digital examination, colonoscopy,
barium enema, anorectal manometry, cinedefaecography,
and colonic transit time (CTT) study to exclude an organic
cause and confirm the diagnosis of colonic inertia. Patients
with the irritable bowel syndrome, rectal outlet obstruction,
organic or secondary constipation, megacolon, megarectum,
volvulus, prolapse, colonic pseudo-obstruction, tumors,
and polyps were excluded. All patients had an anatomically
normal colon on colonoscopy or barium enema. All patients
were considered for a surgical treatment of constipation
using STC-CRA procedure. Long-term follow-up was
performed by regular visits. The study was performed
according to the declaration of Helsinky and patients gave
written informed consent.
Assessment of constipation and diagnosis of colonic
inertia
Clinical data included age, gender, past medical (emphasis
was placed on metabolic and psychiatric disorders)
and surgical history and treatments. Pertinent data
regarding constipation included age at onset, presence
of a recognizable precipitating event, number of bowel
movements, stool consistency, presence of soiling,
bloating, nausea, vomiting, abdominal, rectal or anal
pain, use of laxatives (including enemas and fibers),
pain killers and anorectal digitations. We appreciated
the patients'perspectives focusing on what they called
constipation and general well being. The number of bowel
movements and stool consistency were evaluated through
the daily completion of a symptom diary during four
weeks. Patients were also asked for urological, gynecologic
(e.g. regularity of menstrual cycle, age of menopause,
history of prolonged labor) and sexual difficulties.
For CTT measure 20 radiopaque markers were ingested
in a capsule before breakfast, and a plain abdominal X-ray
was taken on the third and fifth day. Laxatives and enemas
were discontinued during this period. Delayed CTT was
defined as the presence of at least 16 markers scattered
diffusely throughout the colon on the fifth day after
ingestion.
All the individuals were submitted to both cinede-

2591

faecography and anorectal manometry, with special
emphasis to the paradoxical puborectalis contraction.
The anorectal manometry apparatus consisted of a
pneumo-hydrolic perfusion system, which perfused
distilled water in the left lateral position. Recordings
included pressure at rest and during voluntary contraction
(amplitude and duration), rectoanal inhibitory (RAIR)
and excitatory reflexes, and threshold of urge sensation,
maximum tolerable volume. A provoked expulsion
test was performed with 50 mL air-inflated balloon in
conjunction with anorectal manometry to screen for major
dysfunctions of evacuation. A diagnosis of anismus was
based on the findings of both digital examination and
anorectal manometry. In each patient, short segment
Hirschprung's disease was excluded with a positive RAIR.
The cinedefecating proctogram visualized the anatomy
of the rectum and canal anal both at rest and during
straining, and completed the pelvic floor assessment
including sigmoidocele, rectocele, intussusception, and
paradoxical puborectalis contraction. Failure of the
anorectal angle to open during defecation and the degree
of pelvic floor descent during defecation were both
used to demonstrate anismus or conversely a descending
perineum syndrome.
Colonic inertia was defined as follows: (1) two or
fewer stools per week with one or more of the following
complaints: disabling abdominal pain, bloating, nausea
and/or vomiting, difficulty in evacuation; (2) delayed
CTT and absence of paradoxical puborectalis contraction
on anorectal manometry and cinedefecography; (3) no
evidence of an absent or equivocal RAIR evoking adult's
Hirschsprung's disease on anorectal manometry.
Operative technique
All patients underwent bowel preparation with 4 liters of
polyethyleneglycol (PEG, B/Braum, Medical S.A. B.P. 331
F-92107 Boulogne Cedex, France) the day before surgery.
They also received one or more enemas on the evening
before surgery. Single-dose ceftriaxone sodium (1 g) and
metronidazole (1 g), diluted in 125 mg saline solution infused
for 15 min, were administered to all patients intravenously
at anaesthetic induction. Laparotomy was made through a
midline incision, and the wound was protected by a plastic
ring drape. The whole colon was mobilized from right to
left; and the vascular pedicles to the colon were divided
close to the bowel after having carefully identified the
ileocolic vessels, which were preserved. The rectum was
transected below the level of the sacral promontory and the
head of the circular stapler was introduced into the rectal
stump. Appendectomy was also performed. The caecum
was mobilized enough to be brought into the pelvis with
no rotation. The stapler was introduced into the ascending
colon, and an antiperistaltic caecorectostomy was made
between the base of the caecum and the rectal stump. The
ascending colon was transected a few centimeters above the
ileocecal junction with a linear stapler. No drain was left at
the end of the procedure.
Follow-up assessment
Long-term follow-up was obtained prospectively by
clinical visits planned between October 2005 and February
www.wjgnet.com
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2006 with independent researchers who were not involved
in the preoperative management of patients. Before the
visit, subjects had to complete the 4-weeks daily diary
to evaluate the number of stool emissions per day and
stool consistency. During the visit, all preoperative data
(e.g. symptoms and treatments) pertaining to digestive,
urological or gynecological tract were analyzed alongside
with overall health and degree of satisfaction after
surgery. In particular, we considered the number of stool
emissions, the presence of abdominal pain or digitations,
the use of pain killers, laxatives and/or fibers. Patients
were also asked if they would have chosen surgery again
if necessary. The long-term outcomes were to evaluate the
number of stool emissions as well as stool consistency, the
need for digitations, the use of laxatives, painkillers, the
requirement of fibers in diet, the presence of abdominal
pain and the overall satisfaction with surgery.
Statistical analysis
Data are given as percentage and mean ± SD. Comparisons of quantitative variables were performed using
non-parametric Mann-Withney U test. The χ2 square was
used to compare qualitative variables. A P < 0.05 was
considered significant.

RESULTS
Preoperative characteristics of patients
All patients were females with a mean age of 57.5 (range
24-72) years. Eight patients (57.1%) had psychiatric
disorders such as anxiety or depression, necessitating
psychotropic drugs. No formal contraindication for
surgery was found at psychiatric evaluation. One patient
underwent psychotherapy for one year before being
considered for surgery. Two patients had a non-insulindependent diabetes mellitus and one had hypothyroidism.
Urinary symptoms were present in ten patients (71.4%),
with urinary incontinence being the most frequent
complaint.
Eight patients (57.1%) reported a lifelong history of
constipation, and in the remaining the mean duration of
symptoms was more than 10 yr. A precipitating factor was
identified in seven patients (50%). The mean frequency
of bowel movements with the aid of laxatives, enemas
or digitations was 1.2 ± 0.6 per week (range 4-30 d). All
patients' complained of abdominal pain and bloating.
Digitations were used by 71.4% of patients. Eight
patients had a total of 12 abdominal operations. The
most common operation was hysterectomy (50%); four
patients had a left colectomy for "chronic constipation";
and two patients had a previous small bowel obstruction
necessitating surgery. Three patients had rectocele repair,
and one had haemorrhoidectomy (Milligan and Morgan's
procedure). Four patients (28.5%) needed pain killers. Five
patients (35.7%) regularly used a high fibers rich dietary
regimen. All patients reported their symptoms as having a
major interference with their work or life activities.
Transit study revealed diffuse marker delay in all patients.
Anorectal manometry confirmed the presence of a RAIR
in all patients. Neither anorectal manometry nor CD revealed Hirshprung disease. One patient had a small anterior
www.wjgnet.com
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rectocele (4 cm) that emptied completely during evacuation. A diagnosis of isolated CI was done confirmed in all
patients.
Postoperative complications
Ten patients (71.4%) were operated with the open
technique, and the remaining 29.9% were operated with
the laparoscopic technique. There was no peroperative or
postoperative mortality. Postoperative complication rate
was 21.4%. One patient had a hemothorax following venous
central line insertion, requiring drainage; one patient had
an intrabdominal collection that was successfully treated
with CT-guided percutaneous drainage; one more patient
underwent relaparotomy for bleeding with hypothensive
shock on postoperative day two. All complications were
recorded in patients operated by laparotomy.
Follow-up
Bowel habit: All patients were alive in 2006 and invited
to the clinic after they completed the 4-weeks daily
symptom diary evaluating stool frequency and consistency.
Patients were assessed at a mean of 10.5 (range 5-16) yr
after surgery. Table 1 summarizes individual clinical data
regarding long-term clinical outcomes. As compared
with preoperative bowel habit, the bowel frequency was
significantly (P < 0.05) increased to a mean of 4.8 ± 7.5
per d (range 1-30). The stool consistency was soft in 11
patient (78.5%) and liquid in three (21.4%). Overall 11
patients (78.5%) reported perfect continence, two patients
(14.2%) had less than one episode of soiling (incontinence)
per week. One patient with preexisting psychiatric disorder
developed disabling diarrhoea (30 bowel movements),
accompanied with bloating and incontinence, and refused
any further treatment.
Seven patients (50%) had less than one episode per
week of mild abdominal pain with bloating. Two patients
(14.2%) used laxatives less than three times per month.
One patient (7.1%) with a stenosis of the anal canal after
surgery for hemorrhoids used enemas twice per week.
None required digitation. Three patients (21.4%) reported
new symptoms including difficult evacuation in two and
rectal pain in one. Anti-diarrhea agents were utilized by
three patients (21.4%) less than three times per month.
None required the addition of fibers or other dietary
changes.
Self-reported satisfaction: Eleven patients (78.5%) would
have chosen surgery again if necessary, whereas 3 patients
(21.4%) were not satisfied with the results of surgery,
considering their situation as unchanged (2 patients) or
worse (1 patient).

DISCUSSION
In this study, we have shown that STC-CRA resulted in a
78.5% rate of success in 14 patients with colonic inertia
after a long-term follow-up. Postoperative complications
occurred in 21.4% of patients operated by laparotomy and
there was no mortality. Secondary morbidity was acceptable,
mainly mild abdominal pain, without any significant
recurrence of constipation and no re-intervention for this
condition.
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Table 1 Individual data of long-term clinical outcomes for 14 patients operated by subtotal colectomy with cecorectal anastomosis for
colonic inertia
Pts Follow-up (yr) Bowel movements
P < 0.05
Before
After
(per week) (per day)
1
5
0.2
9.2
2
8
1.2
2.2
3
12
1.5
2
4
9
0.2
1.2
5
13
2
2
6
5
0.5
1.6
7
15
1.2
2
8
14
1.2
2.5
9
8
1.2
30
10
6
0.5
2.5
11
13
2
1.7
12
16
1.7
6
13
12
1.7
2
14
11
1.7
2.3

Abdominal pain
P = 0.002
Before
After

Laxatives
P = 0.001
Before

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

After

Digitations
P = 0.0001
Before
After

Pain killers
P = 0.03
Before
After

Fibers
P = 0.01
Before

After

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

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

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

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

No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
No
No
No
No
No
No
No
No
No
No
No
No
No

Pts: patients. Bowel movements are mean numbers obtained from a 30-d diary. P values given in the second line are statistical comparisons between outcome
measured before and after surgery. Quantitative and qualitative variables are compared using Mann-Withney U test and χ2 square respectively.

STC-IA has been proposed as a treatment of choice of
CI when well documented and assuming the failure of a
prolonged trial of laxatives, prokinetics or fibers. However,
a recent review [12] has pointed out that this procedure
may be less than satisfactory in consideration of the large
variations of success rates ranging from 39% to 100%,
the considerable morbidity (mainly occlusion), and the
recurrence of constipation leading to a re-intervention rate
of 14%. Thaler and colleagues underscored that quality of
life is significantly reduced after STC-IA mostly because
of abdominal pain[13].
With the introduction of methods that enable the
evaluation of pelvic floor dysfunction, it has become of
crucial importance to divide patients with severe constipation
into those with CI and those with a predominant altered
pelvic floor function. Indeed, there is growing acceptance
that the presence of outlet obstruction[14], alterations in
rectal sensitivity[15] or megarectum[16] associated with slow
transit constipation are predictive of a low rate of success
of surgical treatment. Knowles et al [12] have observed
higher functional results of STC-IA when CTT, anorectal
manometry and cinedefaecography were systematically
performed. In the present prospective study, a thorough
preoperative physiologic evaluation permitted the selection
of patients with CI and without outlet delay as candidates
to STC-CRA. However, as in other studies, our series
was associated with persistent abdominal pain in 50% of
patients, even if of mild intensity. Although the causes of
persistent pain still remain unresolved, it can be cautiously
speculated that the undiagnosed existence of abnormal
upper GI motility may play a role[17,18]. Further studies are
required to ascertain this hypothesis.
Little is known about the efficacy of STC-CRA in
patients with CI. It was suggested that STC-CRA might
lead to poor results due to dilatation of the cecum and
recurrence of constipation[19]. However, Sarli et al[11] have
recently shown favorable short-term results of STC-CRA in
a carefully selected series of patients with CI. The theoretical

rationale for STC-CRA is that the sparing of the ileocaecal valve and the constitution of a physiologic reservoir,
allowing the presence of colonic flora and the production
of short chain fatty acids, may favour a normal stool
consistency, normal absorption of water and electrolytes
and also the prevention of renal and gallbladder lithiasis.
In the present study, we have shown that the success rate
of STC-CRA in CI achieved 79% at a mean follow-up of
10.5 yr after surgery. When compared to previous studies
that investigated STC-IA for CI[6-8,15,17,18,20-28], the slightly
lower rate of success (79% vs 88% to 100%) recorded in the
present study must be tempered by the longer follow-up (10.5
yr vs 1 to 8.9 yr), the absence of postoperative complications
related to the laparoscopic technique, the low postoperative
morbidity, and the absence of recurrent disabling constipation. Indeed, the mean number of bowel motions was
significantly increased in all patients after surgery, being
disabling in only one, and none complained during the
follow-up of what they called constipation. Although our
data suggest that STC-CRA is associated with relief of
constipation in a majority of carefully selected patients with
CI, the extent of abdominal pain/distension or emptying
difficulties has been reported with large variations among
studies from 17%-55% and 21%-51% respectively[29,30],
suggesting that prospective controlled trial are required
to precise morbidity and to compare between operative
techniques. Taken together, we believe that STC-CRA is
an effective technique to treat constipation in patients with
isolated CI with a success rate that appears similar to that of
the STC-IA procedure.
In the present study, a careful selection of patients
was performed regarding the diagnosis of both constipation and CI. Acknowledging that the definition of
constipation is answerable only imperfectly, we have
taken into account the opinion of our patients in the
definition of constipation in both the selection and followup. Therefore, we do not think that the absence of an
objective evaluation of the quality of life weakens the
www.wjgnet.com
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verbally expression of the well being of our patients at the
end of the study.
There is mounting evidence that psychological factors
play a role in constipation. Nevertheless, it was shown
that a history of psychiatric disease should not exclude
patients from surgery, because the vast majority of patients
with a psychiatric history still felt they were significantly
improved following the surgical procedure [31]. In the
present study, we had a special emphasis in the psychiatric
evaluation of our patients, 8 of them showing depression,
anxiety or hypochondriasis. Nevertheless, the success
rate of surgery was high probably because the moderate
severity of psychiatric illness in this selected series. Since
the role of psychological factors on constipation is still
unclear, a careful psychiatric evaluation should be included
in the design of future studies aimed at evaluating surgical
procedures for severe constipation.
The use of laparoscopy to perform subtotal colectomy
with ileorectal anastomosis has been reported as feasible
and safe [32] . Thus laparoscopic techniques have been
subsequently applied to the clinical problem of CI[33-35]
and we have recently showed that STC-CRA may be
performed laparoscopically with minimal postoperative
morbidity[36]. In the current study, although we did not
see any difference in long-term outcome of laparoscopic
STC-CRA compared to the open technique, all 4 patients
who underwent STC-CRA under laparoscopy were free of
postoperative complications suggesting that laparoscopy
STC-CRA may be a procedure of choice when technically
feasible.
In conclusion, this study shows that STC-CRA is a
feasible and safe procedure for patients with isolated CI
achieving 79% of success after a long-term follow-up of
10.5 years of mean. The morbidity of this technique was
related mainly to mild abdominal pain without recurrence
of significant constipation. Further controlled studies are
required to precise both morbidity and efficacy of STCCRA in patients with CI.
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Abstract
AIM: To investigate the effects of granulocyte-colony
stimulating factor (G-CSF) on peritoneal defense
mechanisms and bacterial translocation after systemic
5-Fluorouracil (5-FU) administration.
METHODS: Thirty Wistar albino rats were divided
into three groups; the control, 5-FU and 5-FU + G-CSF
groups. We measured bactericidal activity of the
peritoneal fluid, phagocytic activity of polymorphonuclear
leucocytes in the peritoneal fluid, total peritoneal
cell counts and cell types of peritoneal washing fluid.
Bacterial translocation was quantified by mesenteric
lymph node, liver and spleen tissue cultures.
RESULTS: Systemic 5-FU reduced total peritoneal cell
counts, neutrophils and macrophage numbers. It also
altered bactericidal activity of the peritoneal fluid and
phagocytic activity of polymorphonuclear leucocytes in
the peritoneal fluid. 5-FU also caused significant increase
in frequencies of bacterial translocation at the liver and
mesenteric lymph nodes. G-CSF decreased bacterial
translocation, it significantly enhanced bactericidal
activity of the peritoneal fluid and phagocytic activity of
polymorphonuclear leucocytes in the peritoneal fluid. It
also increased total peritoneal cell counts, neutrophils
and macrophage numbers.
CONCLUSION: Systemic 5-FU administration caused
bacterial translocation, decreased the bactericidal
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activity of peritoneal fluid and phagocytic activity
of polymorphonuclear leucocytes in the peritoneal
fluid. G-CSF increased both bactericidal activity
of the peritoneal fluid and phagocytic activity of
polymorphonuclear leucocytes in the peritoneal fluid, and
prevented the bacterial translocation. We conclude that
intraperitoneal GCSF administration protects the effects
of systemic 5-FU on peritoneal defense mechanisms.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Chemotherapy is one of the most important methods
in the therapy of malignant diseases. It has been widely
used and it is well known that systemic chemotherapy has
immunosuppressive effects[1]. 5-Fluorouracil (5-FU) has
side effects, including leucopoenia, stomatitis, appetite
loss, diarrhea, and mild fever like other chemotherapy
agents[2,3]. It has been reported that a high dose of 5-FU
often induces cytotoxicity in intestinal tissue that results in
ulceration, diarrhea, and bacterial translocation[4-8].
Bacterial translocation is one of the most important
causes of sepsis and multiple organ failure. Intestinal mucosa
has a barrier function that prevents the colonization of the
bacteria and the passage of bacteria and their toxins from
the intestinal system into the systemic circulation. It has
been shown that bacterial translocation is also augmented
by shock, mesenteric ischemia, thermal injury, malnutrition,
obstructive jaundice, and intestinal obstruction[9-14].
Granulocyte-colony stimulating factor (G-CSF)
is a cytokine that is used to reverse the neutropenia
associated with cytotoxic chemotherapy bone marrow and
haemopoietic stem cell transplantation[15]. The role of GM-
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CSF in 5-FU induced immunosupression and bacterial
translocation has been studied previously We aimed to
determine the effects of G-CSF on peritoneal defense
mechanisms in rats that were administered systemic 5-FU.

MATERIALS AND METHODS
Thirty male Wistar-Albino rats weighing 215g to 287 g
were used in this study. The animals were obtained from
the breeding unit of Suleyman Demirel University, School
of Medicine; and "all of the guiding principles in the care
and use of laboratory animals" were strictly adhered to
throughout the entire study. The animals were randomly
allocated into three groups, consisting of 10 animals in
each.
Group I, the control group, received 4 mL/kg saline
solution intravenously from the dorsal tail vein for three
days. Group II, the systemic chemotherapy group, received
20 mg/kg per day 5-FU intravenously for three days.
Group III, the systemic chemotherapy and G-CSF group,
received 20 mg/kg per day 5-FU intravenously and 10 μg/
kg G-CSF (Neupogen, Roche) intraperitoneally for three
days.
Eight hours after the last application, 10 mL of 12%
sodium caseinate was administered to the abdominal cavity
of the rats in order to achieve a high chemotactic gradient
to the peritoneum. All animals were anaesthetized with 10
mg/kg ketamine hydrochloride and four mg/kg xylazine.
Midline laparotomy was performed under sterile conditions
after 16 h from the application of sodium caseinate. With a
median incision of four cm, 10 mL of phosphate buffered
saline (PBS) was administered to the abdomen and about
8 mL of this fluid was re-drawn. The following were
evaluated from this peritoneal fluid; bactericidal activity,
phagocytic activity of polymorphonuclear leucocytes
(PMNL) and the count of peritoneal cavity cells (mainly
neutrophil and macrophage). These procedures were
carried out under sterile conditions.
The bactericidal activity was measured by the method
described by Bergmann et al [16]. The peritoneal fluid
collected by using PBS was centrifuged at 900 r/min for
15 min at 4℃. The sterility of this fluid was tested by
culturing 0.1 mL in Mueller-Hinton broth. Escherichia coli
(E. coli) K 12 was used to assess the antimicrobial activity.
E. coli in Mueller-Hinton broth 0.1 mL was added to 0.9
mL of peritoneal fluid to give a final concentration of 102
organisms/ml. A sample of 0.1 mL of the inoculated fluid
was spread over the surface of blood agar and incubated at
37℃. Colonies were counted after 24 h. For every sample
of peritoneal fluid tested, a control culture was set up by
inoculating 0.1 mL E. coli suspension into 0.9 mL saline to
give the concentration of 102 organisms/mL. The results
were presented as the percentage of bactericidal activity
compared with the control, using the following formula;
%PBA = 100 - (bacterial growth in sample/bacterial
growth in control) × 100. Phagocytic activity was studied
from the centrifuged peritoneal cavity cells as candidacidal
assay[17]. The rate of phagocytosis was expressed as:
%Phagocytic activity = (number of dead Candida/300)
× 100.
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Haemocytometer was used for peripheral blood cell
counts.
The sediment obtained from the centrifuged peritoneal
fluid was used for peritoneal cell counts, which were
were counted by a light microscope with a Thoma Zeiss
cell counting chamber. To access the cell types, smears
obtained from the sediment were stained with Giemsa.
One hundred cells were counted and classified into four
cell types as macrophages, lymphocytes, PMNL, and mast
cells at a magnification of 1000 with a light microscope.
Tissue samples from the mesenteric lymph nodes,
liver, spleen and caecum were removed. The sterile-scalpel
method of homogenizing tissue was used for culturing in
order to evaluate the bacterial translocation. Blood agar
was used for culture and standard microbiological methods
were followed.
Statistical analyses were undertaken using the Kruskall
Wallis and Mann Whitney U tests, while P-values of less
than 0.05 were accepted as significant.

RESULTS
Bactericidal activity of peritoneal fluid
The 5-FU administration significantly decreased the
bactericidal activity of peritoneal fluid, while G-CSF
improved it (Table 1). 5-FU decreased the phagocytic
activity of polymorphonuclear leucocytes in the peritoneal
fluid from 56.3 % to 36%, while G-CSF administration
enhanced it to 42.6 % (Table 1).
Cell counts
The total cell counts in the peritoneal washing fluid and
systemic WBC counts decreased after 5-FU administration
but returned to normal levels after G-CSF administration
(Table 1). G-CSF also significantly augmented the
number of both neutrophil and macrophage numbers
of the peritoneal fluid that had decreased with the 5-FU
administration (Table 2).
Bacterial translocation
In the control group only one bacterial translocation on
the mesenteric lymph nodes was detected. The 5-FU
intervention caused a significant increase in the frequencies
of bacterial translocation at the mesenteric lymph nodes
and liver. G-CSF prevented the bacterial translocation
when compared with 5-FU group (Table 3).

DISCUSSION
The results of the present study indicate that intravenous
5-FU administration has triggered the translocation of
bacteria to the mesenteric lymph nodes and liver of rats,
and has reduced both the peritoneal bactericidal and
the phagocytic activity. However, G-CSF treatment has
remarkably attenuated bacterial translocation and enhanced
the peritoneal bactericidal and phagocytic activity.
The peritoneal defense mechanisms are activated
with the irritation of the peritoneum by chemical agents
or bacteria[18] and aim to remove the bacteria from the
peritoneum or to localize the infective material. Bacteria
www.wjgnet.com
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Table 1 Effects of 5-FU and 5-FU + G-CSF administration on peritoneal defense mechanisms and systemic WBC counts. Figures are
expressed as median (range)
Control (n : 10)

5-FU (n : 10)

5-FU + G-CSF (n : 10)

17.90 (14.1-24.6)
56.3 (48.3-62.6)
2000 (1500-2400)
9000 (4000-14000)

9.40 (6.2-13.8)a
36 (25-51.6)a
950 (600-1200)a
2100 (1100-2600)a

19.20 (14.3-26.8)
43.5 (37-58.6)
1380 (800-1900)
3400 (2200-4600)

Bactericidal activity of peritoneal fluid MIC90 (bacteria/mL)
Phagocytic activity of PMNL
Cell counts in peritoneal fluid
Systemic WBC Counts
a

P < 0.05 vs control and 5-FU + G-CSF groups.

Table 2 Cell types in peritoneal fluid. Values are presented as
median (range)
3

Table 3 Bacterial translocation of the groups

3

Groups

n

Neutrophil/mm

Macrophage/mm

Control
5-FU
5-FU + G-CSF

10
10
10

88 (80-94)
68 (62-92)a
80 (73-87)

14 (1-20)
8 (6-12)a
12 (6-15)

Spleen
Liver
Mesenteric lymph node

Control

5-FU

5-FU + G-CSF

0
0
1

0
2
5

0
0
0

a

P < 0.05 vs control and 5-FU + G-CSF groups.

via the lymphatic system can easily pass into the systemic
circulation and cause bacteriemia and septicemia [19] .
Another possible pathway of septicemia is bacterial
translocation defined as the passage of viable bacteria
from the gastrointestinal tract through the epithelial
mucosa into the lamina propria and then to the mesenteric
lymph node and possibly other organs[20], which may be
important in immunosuppressive hosts.
Although 5-FU is a widely used antineoplastic agent,
the cytotoxicity of 5-FU is not limited to tumor tissue.
Hematopoietic cells and normal epithelial cells of the
gastrointestinal tract are susceptible to 5-FU induced
cytotoxicity producing severe leukopenia and intestinal
toxicity leading to lethal translocation of intestinal
microflora[21-24]. In general our findings are in line with
previous studies that have reported that systemic 5-FU
administration causes epithelial barrier dysfunction of the
rat intestine[25], and causes bacterial translocation[26].
G-CSF is a pleitropic cytokine that has specific effects
on the proliferation, differentiation, and activation of
neutrophils and enhances their phagocytic and bactericidal
activity [27]. The attenuation of bacterial translocation
by G-CSF administration may be related to several
mechanisms. G-CSF has some qualitative and quantitative
effects on peritoneal defense cells (e.g. macrophages,
polymorphonuclear leukocytes) and this may facilitate the
removing of the bacteria translocated in mesenteric lymph
nodes. It was shown in a previous report that the decreased
numbers of viable pneumococci were recovered from
tracheobronchial lymph nodes from the G-CSF-treated
splenectomized mice and the sham-operated mice vs saline
solution-treated controls[28]. It is well known that bacterial
products and/or secondary inflammatory mediators
induced by an infection are the potent stimulators for the
production of G-CSF[29]. The beneficial effects of G-CSF
on chemotaxis, neutrophil, phagocytosis, and bactericidal
activities have also been demonstrated in some studies[27,30].
In this study, we found that systemic 5-FU administration
also led to significant changes in the total peritoneal
www.wjgnet.com

cell counts and cell types. The most affected cell type
was macrophage. On the other hand, any significant
differences in total cell counts and cell types could not
be detected in the 5-FU + G-CSF group. We concluded
that G-CSF increased the total peritoneal cell counts,
neutrophil and macrophage counts when compared with
the systemic 5-FU group. It has been reported that G-CSF
administration increases the number of peritoneal exudates
neutrophils, and the bactericidal activity of them, but does
not affect the phagocytic activity of peritoneal exudates
neutrophils[31]. However, G-CSF increases the number of
circulating neutrophils and enhances their functions[27,32,33].
In conclusion, the systemic 5-FU administration caused
bacterial translocation, decreased the bactericidal activity of
peritoneal fluid, phagocytic activity of polymorphonuclear
leucocytes in the peritoneal fluid and G-CSF increased
both peritoneal and phagocytic activity of peritoneal fluid
and prevented bacterial translocation. We conclude that
intraperitoneal GCSF administration protects the effects
of systemic 5-FU on peritoneal defense mechanisms.
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Abstract
AIM: To investigate the hypothesis that duodenal bulb (DB)
inhibition on pyloric antrum (PA) contraction is reflex.
METHODS: B a l l o o n ( c o n d o m ) - t i p p e d t u b e wa s
st
introduced into 1 duodenum (DD) and a manometric
tube into each of PA and DD. Duodenal and antral
pressure response to duodenal and then PA balloon
distension with saline was recorded. These tests were
repeated after separate anesthetization of DD and PA.
RESULTS: Two and 4 mL of 1st DD balloon distension
produced no pressure changes in DD or PA (10.7 ± 1.2 vs
9.8 ± 1.2, 11.2 ± 1.2 vs 11.3 ± 1.2 on H2O respectively,
P > 0.05). Six mL distension effected 1st DD pressure
rise (30.6 ± 3.4 cm H2O, P < 0.01) and PA pressure
decrease (6.2 ± 1.4 cm H2O, P < 0.05); no response
nd
rd
th
in 2 , 3 and 4 DD. There was no difference between
6, 8, and 10 mL distensions. Ten mL PA distension
st
produced no PA or 1 DD pressure changes (P > 0.05).
Twenty mL distension increased PA pressure (92.4 ±
st
10.7 cm H2O, P < 0.01) and decreased 1 DD pressure
(1.6 ± 0.3 cm H 2 O, P < 0.01); 30, 40, and 50 mL
distension produced the same effect as the 20 mL
distension (P > 0.05). PA or DD distension after separate
anesthetization produced no significant pressure changes
in PA or DD.
CONCLUSION: Large volume DD distension produced
DD pressure rise denoting DD contraction and PA pressure
decline denoting PA relaxation. PA relaxation upon DD
contraction is postulated to be mediated through a reflex
which we call duodeno-antral reflex. Meanwhile, PA
distension effected DD relaxation which we suggest to be
reflex and termed antro-duodenal reflex. It is suggested
that these 2 reflexes, could act as investigative tools in
www.wjgnet.com

diagnosis of gastroduodenal motility disorders.
© 2007 The WJG Press. All rights reserved.

Key words: Duodenal bulb; Gastroduodenal disorders;
Reflex; Pyloric antrum; Motility
Shafik A, El Sibai O, Shafik AA. Study of the duodenal
contractile activity during antral contractions. World J
Gastroenterol 2007; 13(18): 2600-2603

http://www.wjgnet.com/1007-9327/13/2600.asp

INTRODUCTION
The stomach has two functions: secretion and motility.
The main function of the proximal stomach is secretion,
and so its motility pattern in the fed state takes the
form of prolonged relaxation to delay intragastric food
passage and provide ample time for contact with gastric
enzymes [1-3]. The proximal stomach is often described
as a receptive reservoir. Meanwhile the distal stomach
functions to mechanically mix and cr ush the solid
particles. Its motility pattern in the fed state presents a
strong antral peristalsis that continues until complete
evacuation of the chyme is achieved [1-3] . The antral
peristalsis may be so strong as to raise the antral pressure
to about 100 mm Hg[4].
T he stomach and duodenum possess adaptive
cytoprotection which represents an important defensive
phenomenon [5] . However, this protection may be
antagonized by drugs such as indomethacin. Nitric oxide
increases HCO3-secretion in the duodenum. This action
depends on cGMP- related COX-1 activation and is
mediated by prostaglandins[6].
The antral mechanical contractions are believed to
be under the control of a gastric pacemaker located at
the junction of the upper with the lower two thirds of
the greater curvature [7]. In the fed state, the duodenal
bulb contracts but, unlike the antrum, not continuously
throughout the fed state. Duodenal bulb contractions cease
intermittently to allow gastric emptying[7-9]. The mechanism
of duodenal bulb inhibition upon antral contraction is
not exactly known; is it a direct or reflex action between
the antrum and duodenal bulb? We hypothesized that
the mechanism of duodenal bulb relaxation upon antral
contraction for gastric emptying is reflex. This hypothesis
was investigated in the current study.
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Methods
The subjects fasted for 12 h. A condom was applied to the
distal end of a Ryle stomach tube (8 French, Pharma Plast
Int AS/DK 3540, Lynge, Denmark) containing multiple
lateral apertures. One tie was applied at each end of the
condom to fashion a high compliance balloon. A silver
clip was applied to the distal end of the tube for radiologic
control. A mechanical puller was used for automatic tube
withdrawal (9021 H, Disa, Copenhagen). The tube with
the empty condom was swallowed by the volunteers and
the condom was directed to lie in the 1st part of the
dudodenum (DD). The tube was connected to a strain
gauge pressure transducer (Statham 230B, Oxnard, CA,
USA).
Simultaneous measurement of the pressure in the
PA and DD was performed by means of a perfused
open-ended tube of 1 mm internal and 1.5 mm external
diameter. One tube was introduced into each of the
PA and 1st DD. Each tube was connected to a Statham
pressure transducer. The position of these manometric
tubes was accurately determined from the previously
performed barium enemas and from the fluoroscopic
screening. For the latter, a silver clip had been applied to
the distal end of each tube. The pressure recordings were
performed 20 min after tubal positioning so that the gut
could have adapted to the presence of the tubes.
The resting (basal) pressure was recorded in the PA
and in each of the 4 parts of the DD. The condom, while
lying in the 1st DD, was filled in increments of 2 mL up
to 10 mL and the pressure in the PA and the 1st DD was
recorded at each of the volumes. The condom was then
emptied and placed successively in the 2nd, 3rd, and 4th parts
of the DD, and the aforementioned test was repeated. The
emptied condom was then pulled under guidance of the
screen to lie in the PA as was confirmed under the screen.
It was filled with normal saline in increments of 10 mL
up to 50 mL and the pressure in the PA and 1st DD was
recorded at each of the volumes. The test was repeated
while the manometric tube was managed to lie successively
in the 2nd, 3rd, and 4th DD. For fear of antral or duodenal
injury, we did not fill the condom with saline quantities
beyond the mentioned volumes.

A

←

Subjects
Thirty-two healthy volunteers (mean age 38.2 ± 9.7 SD,
range 27-48, 20 men, 12 women) were enrolled in the study
after giving informed written consent. The subjects were
selected to have no gastrointestinal complaint in the past
or at the time of enrollment. Physical examination, including neurological assessment, was normal. The results of
examination of blood count, renal and hepatic functions as
well as electrocardiography were unremarkable. Endoscopies
for esophagus, stomach, and duodenum showed normal
findings. The study was approved by the Review Board
and Ethics Committee of the Cairo University Faculty of
Medicine.

2601

Figure 1 Response of the duodenum and pyloric antrum to 2 mL (A), 6 mL (B),
and 10 mL (C) duodenal balloon distension with normal saline. ↑: Duodenal
balloon distension.

PA pressure was examined. The DD was anesthetized by
instilling 10 mL of 2 percent of lidocaine through the
tube placed in the DD. The PA response to distension of
the anesthetized DD was determined after 20 min and 2 h
later when the anesthetic effect had waned. The test was
repeated using normal saline instead of lidocaine. After 2 d,
the response of the DD pressure to distension of the
anesthetized PA was recorded. The PA was anesthetized
by means of 50 mL of 2 percent lidocaine instilled
through the tube in the PA. The effect of distension of
the anesthetized PA on the DD was registered after 20 min
and again after 2 h of anesthetization. The test was
repeated using normal saline instead of lidocaine.
To ensure reproducibility of the results, the aforementioned recordings were repeated at least twice in the
individual subject and the mean value was calculated. The
results were analyzed statistically using the Student's t
test and values were given as the mean ± SD. Differences
assumed significance at P < 0.05.

RESULTS
The study was completed in all of the subjects with no
adverse side effects. The mean resting pressure in the PA
was 11.2 ± 1.2 cm H2O (range 10-13), and in the 1st DD
10.7 ± 1.2 cm H2O (range 9-12); the pressure of the 2nd,
3rd, and 4th DD was similar to that of the 1st DD (P > 0.05).
Response of the DD and PA pressures to duodenal
balloon distension. Duodenal balloon distension with 2
and 4 mL of normal saline effected no significant pressure
changes to the 4 duodenal parts or the PA (P > 0.05,
Figure 1A). The duodenal pressure recorded a mean of
9.8 ± 1.2 cm H 2 O (range 8-12) with no significant
differences in the 4 duodenal segments, and the PA a mean
of 11.3 ± 1.2 cm H2O (range 10-13). Meanwhile 6 mL
balloon distension of the 1st DD produced a significant
duodenal pressure elevation and a PA pressure decrease
(Figure 1B); no significant pressure changes occurred
in the 2nd, 3rd, and 4th DD. The pressure in the 1st DD
recorded a mean of 30.6 ± 3.4 cm H2O (range 26-34, P <
0.01) and the PA pressure 6.2 ± 1.4 cm H2O (range 4-8, P
www.wjgnet.com
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Figure 2 Response of pyloric antrum and duodenum to 10 mL (A), 20 mL (B), and
50 mL (C) antral balloon distension with normal saline. ↑: Antral balloon distension.

< 0.05), and the balloon was dispelled to the 2nd DD; the
2nd, 3rd, and 4th parts of the DD recorded a mean of 10.2 ±
1.2 cm H2O (range 9-12, P > 0.05). Balloon distension of
the 1st DD with 8 and 10 mL of saline produced duodenal
and PA pressure changes similar to the 6 mL balloon
distension (P > 0.05, Figure 1C).
Response of the PA and DD pressures to pyloric antral
balloon distension. Pyloric antral distension with 10 mL of
saline did not effect significant pressure changes in the PA (P
> 0.05) or the 1st, 2nd, 3rd, and 4th DD (P > 0.05, Figure 2A).
The PA pressure recorded a mean of 10.9 ± 1.2 cm H2O
(range 10-13). The duodenal pressure recorded a mean of
10.3 ± 1.2 cm H2O (range 8-12) in the four segments of the
DD with no significant difference in the pressure response
between them. Twenty mL balloon distension of the PA
produced a significant increase of the PA pressure and a
decrease of the 1st DD pressure, so that the balloon was
dispelled to the 1st DD (Figure 2B); no significant pressure
changes occurred in the remaining 3 DD segments. The 1st
DD recorded a mean pressure of 1.6 ± 0.3 cm H2O (range
1-2.4, P < 0.01) and the other 3 parts of the DD a mean
of 10.6 ± 1.2 (range 8-12, P > 0.05, Figure 2B). The PA
pressure recorded a mean of 92.4 ± 10.7 cm H2O (range
81-108, P < 0.01). Pyloric antral balloon distension with 30,
40, and 50 mL of normal saline produced pressure changes
in the DD and PA similar to those produced by the 20 mL
distension (P > 0.05, Figure 2C).
Response of the duodenal pressure to distension of the
anesthetized PA and DD
Twenty minutes after the DD or PA had been separately
anesthetized, saline balloon distension of either with up
to 10 mL in the DD and 50 mL in the PA resulted in
no significant pressure changes in the DD (P > 0.05).
Two hours later when the anesthetic effect had waned,
duodenal or antral balloon distension effected DD pressure
responses similar to those prior to anesthetization (P > 0.05).
Distension of the saline-containing DD or PA induced a
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DD pressure response similar to that recorded without the
use of saline (P > 0.05).
The aforementioned results were reproducible with
no significant difference (P > 0.05) when the tests were
repeated in the individual subject.

DISCUSSION
The current study could shed some light on the response
of the DD to the chyme bolus delivery from the PA. After
the gastric content in the PA has been triturated to small
particles, the PA contracts, the pyloric sphincter relaxes,
and the chyme is passed to the DD [10-12]. The present
investigation has shown that the PA did not respond to
small chyme volumes; small volume balloon distension
of the PA did not effect pressure changes in the PA or 1st
DD. Meanwhile, large volumes of pyloric antral distension
produced a significant PA pressure increase and a 1 st
DD pressure decrease, which presumably denotes PA
contraction and DD relaxation; however, the rest of the
DD exhibited no pressure changes. Thus, it appears that
the 1st DD relaxes upon PA contraction, provided the PA
distension is effected by a large bolus. The 1st DD seems
to relax to accommodate the delivered bolus.
The study has also demonstrated that a large volume
balloon distension of the DD produced increase of the
duodenal pressure and decrease of the PA pressure. This
presumably denotes that a large bolus entering the 1st DD
causes DD contraction and PA relaxation. PA relaxation
seems to prepare the PA for receiving new food boli for
grinding, while 1 st DD contraction delivers the chyme
to the remaining DD segments hence become clear
for receiving the following food bolus. Thus, it appears
that during food digestion in the stomach, the chyme is
transmitted to the DD through cycles of PA contraction
and 1st DD relaxation followed by DD contraction and
PA relaxation. These cycles of successive contraction and
relaxation of the PA and DD and vice versa apparently
continue until the stomach evacuates its contents.
The question that needs to be addressed is the PA
relation to the 1st DD: is it a direct or reflex relationship?
Duodeno-antral and antro-duodenal reflexes
Relaxation of the PA upon DD contraction postulates a
reflex relationship between the 2 actions. This relationship
was reproducible and its reflex nature is evidenced by its
absence on individual anesthetization of the assumed two
arms of the reflex arc, namely the PA or DD. We call this
reflex relationship the 'duodeno-antral reflex' (DAR). This
reflex apparently functions to relax the PA preparatory to
receiving the next bolus of gastric contents for grinding;
meanwhile contraction of the 1st DD pushes its contents
to the remaining 3 DD segments, which eventually clears
the 1st DD to receive new chyme boli. The current study
further demonstrates that the 1 st DD relaxes on PA
contraction. This relationship was also reproducible, and
its suggested reflex nature is evidenced by its absence on
anesthetization of the 2 arms of the reflex arc: PA or DD.
We call this reflex relationship the 'antro-duodenal reflex'
(ADR). The 1 st DD presumably relaxes to receive the
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chyme from the contracting PA.
Balloon distension of the PA or 1 st DD apparently
stimulates the antral or duodenal mechanoreceptors.
Nerve impulses are transmitted to the spinal cord which
sends impulses to the PA or DD. Anesthetization of the
PA or DD seems to block their innervation so that nerve
impulses cannot be transmitted to the spinal cord. Lidocaine
blocks the sensory fibers (C and A α-fibers) which are
responsible for pain and reflex activity[13-14]. Whether these
reflex impulses are transmitted via extrinsic or intrinsic
nerves needs further studies. However, investigators have
recently reported on the effect of intraduodenal capsaicin
on the interdigestive gastric contractions[15]. They found that
duodenal afferent fibers stimulated by capsaicin inhibited the
gastric contraction via a nitric oxide-independent extrinsic
neural factor.
Diagnostic role of the DAR and ADR
These 2 reflexes may prove to be of diagnostic significance
in gastroduodenal motile disorders. Detectable changes
in the DD reflex response to PA distension or of the PA
to DD distension might denote a motility disorder of the
PA or DD, or both. The reflex may thus be included as
an investigative tool in the diagnosis of motility disorders
in the gastroduodenum, provided further studies are
performed in this respect.
In conclusion, the study has demonstrated the relaxation
of the PA on duodenal contraction, and DD relaxation on
PA contraction. This effect between the PA and the DD
appears to be mediated through two reflexes which we call
the 'duodeno-antral' and the 'antro-duodenal' reflexes. These
reflexes seem to allow the chyme to pass to the 1st DD
and from the latter to the rest of the DD. Further studies
are required to investigate the functional and diagnostic
significance of these 2 reflexes.
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young adult males. Genotype I is prevalent. With
time some of the patients become HDV RNA negative
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suppressed HBV DNA replication. Significant numbers of
patients have cirrhosis.
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Abstract
AIM: To assess the clinical presentation and genotypes
of delta hepatitis in local population.
METHODS: In this prospective study, 39 consecutive
patients who were positive for HBsAg and hepatitis
D virus (HDV) antibody were included. The patients
were divided in two groups on the basis of presence
or absence of HDV RNA and a comparative study was
done. Genotype of HDV was determined in PCR positive
patients.
RESULTS: Overall there is male dominance, in which
34 patients out of 39 (87.2%) were male. Twenty
(51%) patients were from the adjacent areas of three
provinces; Sindh, Punjab and Balochistan indicating the
higher prevalence of delta hepatitis in this mid region
of Pakistan. Patients of all age groups were affected
with delta hepatitis (median 31.5 years, range 12-75).
HDV RNA was detectable in 23 patients (59%). All
the HDV strains belonged to genotype I . HBV DNA
was detectable only in 3 cases who were also HBeAg
and HDV RNA positive. Patients with detectable HDV
RNA were younger than patients with undetectable
RNA; mean age 29.7 ± 12.8 years vs 36.8 ± 15.2.
There were no statistically significant differences in the
clinical presentation and routine biochemical profile
of patients with detectable or undetectable HDV RNA.
Clinical cirrhosis was present in 19 (49%) patients; 12
with detectable RNA and 7 with undetectable HDV RNA
(P = 0.748). Decompensated disease was seen in eight
patients; five and three respectively from each group.
Four patients with undetectable RNA and two patients
with detectable RNA had normal ALT and ultrasound
abdomen.
CONCLUSION: HDV may infect at any age, usually
www.wjgnet.com
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INTRODUCTION
Up to 5% of the world's population is infected with
hepatitis B virus (HBV), and probably 5% of the HBV
carriers have hepatitis D virus (HDV) superinfection[1]. It
is estimated that 15 million people are infected with HDV
worldwide [2]. Superinfection of HDV in persons with
HBV infection leads to progressive disease and cirrhosis
in approximately 80% of cases[3]. Cirrhosis develops at a
younger age than in patients with chronic HBV infection
alone[4].
In Pakistan viral hepatitis remains a serious health
problem. Recent data suggested that 16.6% of patients
infected with hepatitis B vir us also suffered from
superimposed delta infection [5] . However, local data
is based on serology of HDV and PCR studies were
not done. It is not clear how many of local patients
spontaneously recover from the infection and how these
patients differ from patients with persistent infection.
Moreover, the genotype of the virus in Pakistan is also
unknown.
The nucleotide sequences of hepatitis D viruses (HDV)
vary 5% to 14% among isolates of the same genotype
and 23% to 34% among different genotypes[6,7]. Based on
the analysis of HDV genomes from different areas of
the world, three genotypes of HDV have been identified.
Genotype I is the most prevalent worldwide and is
associated with a broad spectrum of pathogenecity. It is
predominant in the Europe, United States and the Middle
East and has some geographically based subtypes[7,8]. In
the Far East, the predominant genotype is genotypeII.
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Patients infected with this genotype have significantly
lower ALT levels, more favorable outcomes and a trend
to have lower serum HDV RNA levels as compared with
those infected with genotype I [9]. However II b variant may
be associated with progressive disease[10]. Type III genotype
is predominant in northern South America and has been
associated with severe forms of hepatitis[11].
We evaluated our patients in terms of genotype and
prognosis and compared the HDV RNA positive patients
with the negative group.

MATERIALS AND METHODS
Thirty nine patients who were HBsAg and HDV antibody
positive for more than six months were further tested for
HDV RNA. These patients were divided into two groups;
the first group included a total of 23 patients which were
HDV RNA positive by PCR reflecting active ongoing
delta infection while the second group consisted of a total
of 16 patients with undetectable HDV RNA reflecting
previous exposure to delta hepatitis or viral load less than
the sensitivity of assay used for the HDV RNA. Markers
for hepatitis B activity were done in all of these which
included HBeAg, Anti-HBe antibody, and HBV DNA.
Extraction and RT-PCR analysis of HDV RNA
HDV RNA was isolated from patients' serum samples
by High Pure Viral RNA isolation kit according to the
manufacturer's instructions (Roche Diagnostics, USA).
RNA was eluted from spin columns provided with the
kit in sterile nuclease free water and stored at -80℃
until further analysis. Later, RNA samples were reverse
transcribed into cDNA using 1st Strand cDNA Synthesis
Kit for RT-PCR (Roche Diagnostics, USA). Briefly, cDNA
mix consisted of reaction buffer containing 5 mmol/L
MgCl2, RNA, random primers, 50 units RNAse inhibitor
and AMV reverse transcriptase. The reaction was carried
out for 90 min at 42℃ in a thermal cycler. The resulting
cDNA was amplified with sequence specific primers for
HDV according to the published method[12]. The amplified
products were separated on a 1.5% agarose gel and a 400
bp product indicated the presence of HDV in the sample.
To monitor the quality of the assay in each test run both
negative and positive controls were included.
HDV genotyping by RT-PCR and RFLP assay
Serum samples of patients which showed presence of
HDV RNA were genotyped according to the pub-lished
method of Ivaniushia et al[13] 2000. After PCR amplification
with primers specific for HDAg coding region, positive
samples were digested overnight at 37℃ with restriction
enzyme SmaI. Genotype I, II and III were confirmed and
classified according the sizes of the fragments following
SamI digestion.
Extraction and amplification of HBV DNA
HBV DNA was extracted using High Pure Viral Nucleic
Acid isolation assay as indicated by the manufacturer
(Roche Diagnostics). Sequences of primers, specific for
core region of HBV genome, used for amplification were
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previously reported[14]. Each PCR reaction consisted of
reaction buffer, 0.2 mmol/L deoxyribonucleotides, 1.5
mmol/L MgCl 2, 100 ng of each primer, and 2 U Taq
polymerase in a final volume of 50 µ L. All standard
precautions were taken during the study to prevent cross
contamination between PCR samples.
Serological tests
HBe 2.0 assay (Abbott, USA), which is based on microparticle
enzyme immunoassay technology, was employed for the
detection of HBeAg levels in sera. For running the assay,
the AxSYM system was used according to the manufacture's
instruction (Abbott, USA). Anti-HDV antibody test was
performed by Murex competitive enzyme immunoassay as
suggested by the manufacturer (Abbott, Chicago IL, USA).
Clinical aspects
The clinical features of patients with detectable HDV
RNA were compared with HDV RNA negative patients
to determine the clinical impact of continuous presence
o f H DV R N A a n d o u t c o m e f o r H DV i n fecti o n .
Informed consent was taken and a standardized pro
forma was completed regarding laboratory and serological
data, complications of liver disease to include ascites,
hematemesis and melena, portosystemic encephalopathy
(PSE), hepatocellular carcinoma (HCC), and Childs-Pugh
score. The study was approved by the Ethics Review
Committee of the Medicare Clinic.
The patients were labeled suffering from clinical
cirrhosis on the basis of clinical and ultrasound findings
suggestive of cirrhosis (nodular surface, firm consistency,
blunt liver edge, altered echotexture, dilated portal vein
and splenomegaly) and evidence of hypersplenism (platelets
< 15 000/mm3).
Statistical analysis
Results were analyzed using Special package for Social
Sciences software (SPSS version 13.0, Chicago, IL,
USA). Data was summarized as the means with standard
deviations (for continuous variables), and as frequency
and percentages (for categorical variables). Univariate
analysis was done using Mann Whitney U-test, and Fischer
exact test wherever appropriate. P < 0.05 was considered
significant. All P-values were two sided.

RESULTS
Overall there is male dominance, in which 34 out of 39
(87.2%) patients were male. These patients belonged to
the different areas of country. Of those, 12 came from
upper parts of Sindh Province, 15 were from the lower
Sindh including Karachi, 8 from Balochistan Province and
4 from the lower parts of Punjab Province. Out of these,
20 (51%) patients were from the adjoining districts of
upper Sindh, Punjab and Balochistan Provinces. Patients
of all the age groups were affected with delta hepatitis,
the disease was seen as early as the second decade of life
to as late as the mid 70's (range 12-75, median 31.5, mode
22), but the majority of patients in both the groups were
adults.
www.wjgnet.com
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Table 1 Characteristics of hepatitis delta patients

Male:Female
Age (yr)
Clinical cirrhosis
Decompensated disease
Normal ultrasound and ALT
HBe antigen
HBV DNA
Bilirubin (mg/dL)
ALT (U/L)
AST (U/L)
GGT U/L
ALP (U/L)
Albumin (g/dL)
Hemoglobin (g/dL)
Total leucocyte count (× 109/L)
Platelets (× 109/L)
INR

RNA detected
(n = 23)
20:3
29.7 ± 12.8
12 (52%)
5 (22%)
2 (9%)
3 (13%)
3 (13%)
1.8 ± 2.0
88 ± 45
81 ± 52
99 ± 121
124 ± 56
3.4 ± 0.7
12.3 ± 2.0
6.1 ± 2.0
143 ± 84
1.3 ± 0.2

RNA not detected
(n = 16)
14:4
36.8 ± 15.2
7 ((44%)
3 (19%)
4 (25%)
1 (6%)
0
2.9 ± 5.6
125 ± 199
150 ± 280
49 ± 31
100 ± 31
3.4 ± 0.9
12.9 ± 1.8
5.0 ± 1.8
157 ± 85
1.2 ± 0.1

ALT: alanine aminotransferase; AST: aspartate aminotransferase; GGT:
gamma glutamyl transpeptidase; ALP: alkaline phosphatase; INR:
international normalization ratio. Values are means ± SD, or n (%). There are
no statistically significant differences among the two groups.

The clinical presentation of ant-HDV positive patients
was jaundice in 11 (28%), ascites 3 (7.7%), encephalopathy
3 (7.7%), and hematemesis 2 (5.1%). Nine patients
gave the history of hospitalization due to liver related
indication. On examination the liver was palpable in 4
(10.3%) and splenomegaly in 17 (43.6%). Laboratory
investigations included hemoglobin 12.5 ± 1.9 g/dL,
total leucocyte count 5.7 ± 2.0 × 109/L, platelets 151 ±
66 × 109/L, INR 1.25 ± 0.16, bilirubin 2.2 ± 3.7 mg/dL,
alanine aminotransferase (ALT) 103 ± 131 IU/L, aspartate
aminotransferase (AST) 109 ± 179 IU/L, gamma glutamyl
traspeptitase (GGT) 81 ± 101 IU/L, alkaline phosphatase
116 ± 49 IU/L.
HDV RNA was detectable in 23 patients (59%). All of
these patients belonged to genotype I of the virus. Viral
markers of hepatitis B replication, serum HBeAg and
HBV DNA, were absent in a majority of the cases in both
the groups. HBV DNA was detectable only in 3 cases.
These patients had HBeAg positive disease and were also
positive for HDV RNA. None of the HDV RNA negative
patients were positive for HBV DNA though one such
patient was positive for HBeAg.
Patients with detectable HDV RNA were younger than
patients with undetectable RNA; age 29.7 ± 12.8 years
vs 36.8 ± 15.2, though the difference was not statistically
significant (95% CI-2.68-16.8). There was no statistically
significant difference in the clinical presentation and
routine biochemical profile of patients with detectable or
undetectable HDV RNA (Table 1). Clinical cirrhosis was
present in 19 (49%) patients; 12 (52%) with detectable
RNA and 7 (43%) with undetectable HDV RNA (P =
0.748). Out of these, decompensated disease (history of
hematemesis, ascites, and encephalopathy) was seen in 8
patients; 5 patients with detectable RNA and 3 without
detectable HDV RNA. Four patients with undetectable
RNA and 2 patients with detectable RNA had normal
www.wjgnet.com
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ALT and ultrasound abdomen. These 6 patients were HBV
DNA and HBeAg negative.

DISCUSSION
Clinical studies of HDV disease worldwide indicate
that there is a wide variation in the clinical presentation.
The manifestations of HDV infection vary from benign
acute hepatitis to fulminant hepatitis and from rapidly
progressive chronic liver disease to an asymptomatic carrier
state [15]. The clinical course was influenced by several
factors, including the HDV genotype[9]. In our study all of
the patients were infected with genotype I . This is new
data from this region. Our previous study indicates, that in
Pakistan, there is a predominant genotype of Hepatitis B
is genotype D[16]. The association of genotype I of HDV
with genotype D of HBV has been reported from other
countries where HBV genotype D is predominant as is in
Italy[17], Turkey[18] and Egypt[19]. This genotype may cause a
wide spectrum of pathogenecity. In the South East Asia,
the predominant HDV genotype is II and HBV genotype
B and C. Genotype II is associated with a less rapidly
progressive course of chronic liver disease[9].
Local data regarding the hepatitis D strain is based
upon presence of anti-HDV antibody due to nonavailability of PCR facility. The percentage of patients who
spontaneously recover from hepatitis D is not known. A
recent study involving the clinical presentation of hepatitis
delta from Pakistan based on anti-HDV antibody, showed
that HDV infection was present in 16.6% of hepatitis B
infected patients in Pakistan, most commonly in younger
males living in rural areas. Delta antibody positive patients
had less severe clinical liver disease compared to delta
negative, hepatitis B patients[5]. HDV RNA status of the
patients was not known in that series. In our study again
majority of HDV antibody positive patients, 34 patients
out of 39 (87.2%), were male. Most of these patients were
young adults and came from from upper part of Sindh,
lower Punjab and adjacent areas of Balochistan Province.
These adjoining areas of three provinces for m the
hepatitis belt in Pakistan, the area with higher prevalence
of hepatitis. In our study, clinical cirrhosis was present in
about half of the patients so the present data adds further
information on severity of liver disease associated with
HDV genotype 1 in Pakistan.
It may not be difficult to predict whether HDV was
acquired as a coinfection with HBV or as a superinfection
in patients with existing chronic HBV infection. Natural
history of HDV infection shows that coinfection evolves
to chronicity only in a small number of patients and
patients recover from both hepatitis B and D, while
superinfection of HDV leads to progressive disease and
cirrhosis in approximately 80% of cases[3]. Our patients
were in the chronic phase. It can be assumed that most of
our HDV RNA positive patients acquired the infection as
a superinfection on hepatitis B.
In most cases of HDV infection, HBV replication is
suppressed to very low levels by HDV[20,21]. In our series,
all the cases were negative for HBV DNA except three
who were positive for HBV DNA, HBe antigen and HDV
RNA. It seems that HBV replication is not suppressed
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by the presence of HDV RNA in a subset of subjects. A
more ominous course toward liver decompensation has
been documented in patients with active HBV and HDV
replication [15] with each virus contributing to the liver
damage, thereby resulting in more severe liver disease[22].
All the three of our patients who were both HBV DNA
and HDV RNA positive, had clinical cirrhosis.
Our patients with detectable HDV RNA were younger
than patients with undetectable RNA. Absence of HDV
RNA in our 16 (41%) patients signifies that a proportion
of patients lose the virus with increasing age or viral titres
become too low to be detectable by the assay we use.
Four patients with undetectable RNA and two patients
with detectable RNA had normal ALT and ultrasound
abdomen. These patients were HBV DNA negative. The
former four represent spontaneous recovery while later
two were probably the asymptomatic carriers. This state
has been reported previously[15,23].
In summary, HDV genotype I is prevalent in our
patients. HDV may infect at any age, usually young adult
males. With time, some of the patients become a HDV
RNA negative or an asymptomatic carrier. Most of the
patients have suppressed HBV DNA replication. A significant number of patients have cirrhosis.
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Abstract
AIM: To investigate the protein profile of human
hepatocarcinoma cell line SMMC-7721, to analyze the
specific functions of abundant expressed proteins in
the processes of hepatocarcinoma genesis, growth and
metastasis, to identify the hepatocarcinoma-specific
biomarkers for the early prediction in diagnosis, and to
explore the new drug targets for liver cancer therapy.
METHODS: Total proteins from human hepatocarcinoma
cell line SMMC-7721 were separated by two-dimensional
electrophoresis (2DE). The silver-stained gel was
analyzed by 2DE software Image Master 2D Elite.
Interesting protein spots were identified by peptide mass
fingerprinting based on matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry (MALDI-TOF-MS)
and database searching.
RESULTS: We obtained protein profile of human
hepatocarcinoma cell line SMMC-7721. Among the
twenty-one successfully identified proteins, mitofilin,
endoplasmic reticulum protein ERp29, ubiquinolcytochrome C reductase complex core protein I ,
peroxisomal enoyl CoA hydratase, peroxiredoxin-4 and
probable 3-oxoacid CoA transferase 1 precursor were the
six novel proteins identified in human hepatocarcinoma
cells or tissues. Specific functions of the identified
heat-shock proteins were analyzed in detail, and the
results suggested that these proteins might promote
tumorigenesis via inhibiting cell death induced by several
cancer-related stresses or via inhibiting apoptosis at
multiple points in the apoptotic signal pathway. Other
identified chaperones and cancer-related proteins were
also analyzed.
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CONCLUSION: Based on the protein profile of SMMC-7721
cells, functional analysis suggests that the identified
chaperones and cancer-related proteins have their own
pathways to contribute to the tumorigenesis, tumor growth
and metastasis of liver cancer. Furthermore, proteomic
analysis is indicated to be feasible in the cancer study.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the five most
common cancers with the highest incident rate worldwide.
Its pathogenesis is complex and long, in which multiple
factors are involved. The analysis of its pathogenesis and
the effects of regulators would give suggestions to the
further diagnostic and therapeutic schemes.
The proteomic approach is used to analyze the complete
complements of proteins. Proteomics includes not only
the identification and quantification of proteins, but also
the determination of their localization, modifications,
interactions, activities, and, ultimately, their function. The
proteomic analysis is one of the valuable tools in the
cancer research[1]. The abundant proteomic information
about proteins in the aimed tissues or cells of various
tumors could help us find the key proteins related to the
potential metabolic processes of cancer progression,
signaling and development; furthermore, it is useful to
discover the cancer-specific protein markers for developing
the new schemes for early prediction and diagnosis, even
to explore the new drug targets for cancer therapy. In the
cancer proteomic analysis, comparative and comprehensive
proteomics are two different key methodologies involved.
In the comparative proteomics, the protein profiles
in differential physiological or pathological status are
compared and various displayed proteins are identified.
It is useful to find the key proteins related to the changed
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status of tissues and cells. In the comprehensive proteomics,
all the expressed proteins are discovered and counted.
The comprehensive proteomics is not only the basis for
acquiring the global protein profiles, but also is significant to
the exploratory research of proteins interrelations and the
related metabolic processes.
The genesis and growth of HCC is complexly and multifactorially regulated, so it is regarded that several candidate
proteins may be involved in this process. To find and
identify these candidate proteins, a technology which can
screen out the candidate proteins and then acquire their
abundant information is needed. Associated with internet
query from the related databases, proteomic methods,
especially consisting of two-dimensional electrophoresis
(2DE) and the subsequent mass spectrometry (MS), are
available to analyze the candidate proteins related to HCC
genesis and growth. These identified proteins can also
become the novel biomarkers for the prediction, diagnosis
and therapy of HCC.
Some studies on the comparative proteomic analysis
of HCC focus on the novel biomarkers identification for
the HCC pathogenesis, diagnosis and therapy. Persistent
viral infections, mainly including hepatitis B viruses (HBV)
or hepatitis C viruses (HCV) infection[1], are regarded as
the main etiological factors of HCC. The chronic liver
injuries, including inflammation, regeneration, fibrosis
and cirrhosis which are resulted from hepatitis viral
infections, are always preformed to HCC too. To get the
candidate biomarkers related to the potential etiological
factors of HCC, proteomic analyses were performed
with the cirrhosis[2], HBV[3] and HCV-associated[4,5] HCC,
and various differently expressed proteins related to the
etiological factors were identified. Additionally, some of
them were suggested to be candidate biomarkers for HCC
diagnosis and therapy.
Other proteomic analyses of HCC pay attention
to the comprehensive identification of proteins in the
hepatocarcinoma cell lines. The comprehensive protein
identification in hepatocarcinoma cell lines can give
abundant infor mation about the characteristics of
expressed proteins in hepatocarcinoma cells, and then
help to analyze the interrelations of the expressed proteins
and the specific functions of the identified proteins in the
cancer-related metabolic processes. Proteins expressed in
various hepatocarcinoma cell lines, including BEL7404[6],
HepG2[7,8] and HCC-M[9], have been identified. And a few
proteins or protein families are pointed out to be cancerrelated; meanwhile the associated metabolic processes are
also suggested in these studies. Prohibitin, calreticulin and
some members of heat-shock protein family, which are
identified in the present study, are also introduced in these
studies.
To our knowledge, there has not been the comprehensive
proteomic analysis of SMMC-7721 cells so far. Only in
the study on all-trans retinoic acid (ATRA)-inhibited cell
proliferation and migration of SMMC-7721 cell line, the
comparative proteomic analysis of SMMC-7721 cells was
performed to find the different expressed proteins after
the ATRA treatment [10] ; however, the comprehensive
proteomic analysis is not included. Hepatocarcinoma cell
line SMMC-7721 is established from a Chinese HCC patient
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and is commonly used in the research of HCC in China.
Anticancer effects and mechanisms of different anti-cancer
drugs, including adriamycin (ADR)[11], paclitaxel (PTX)[12]
and docetaxel (Taxotere®)[13], etc., have been experimented
on SMMC-7721 cell line. The physical and chemical
factors, such as oxidative stress[14], free radical, heat-therapy,
ultraviolet radiation, and chemical reagents, could act on
SMMC-7721 cells and change their growing status. These
physical and chemical factors, combined with suitable
clinical schemes, were then introduced to the new methods
for HCC prevention and therapy. SMMC-7721 cells were
also used to evaluate the targeted and binding efficiency of
the targeted drug delivery system and the anti-human HCC
monoclonal antibody[15].
In the present work, proteins from hepatocarcinoma
cell line SMMC-7721 were well separated by 2DE and
identified by peptide mass fingerprinting based on
MALDI-TOF-MS. Among 21 successfully identified
proteins, six were found to be the novel proteins in the
cells or tissues from HCC. Specific functions of the
identified proteins were analyzed and their potential
contribution to the pathogenesis and development of
HCC were explored. The results are useful to study on
HCC pathogenesis, and to give support to establish the
effective diagnostic and therapeutic schemes.

MATERIALS AND METHODS
Chemicals and materials
Immobilized pH g radient (IPG) strips (pH 3-10,
nonlinear, 13 cm) and IPG buffer (pH 3-10, nonlinear)
were purchased from Pharmacia, Amersham Biotech.
Dithiothreitol (DTT), PMSF and CHAPS were purchased
from Sigma Company (USA). All the buffers were made
by using high purity MilliQ water. IPGphor isoelectric
focusing equipment, Hoefer SE 600 vertical chambers,
electrophoresis apparatus, and Image Master 2D Elite
4.01 software were purchased from Pharmacia, Amersham
Biotech. Voyager-DE MALDI-TOF MS was product of
Applied Biosystems (USA).
SMMC-7721 cell line culture and sample collection
The human hepatocarcinoma cell line SMMC-7721 was
supplied by the Center of Laboratory Animals of the Forth
Military Medical University, China. SMMC-7721 cells were
cultured in RPMI 1640 culture medium, and were generated
once in every two days. After five generations, every two
flasks of cells were collected into one 1 mL-eppendorf
tube after being centrifuged at 1000 × g for 5 min and
then resuspended with cooled PBS. The suspended cells
were washed with cooled PBS for 3 times and then were
centrifuged at 1500 × g for 10 min to get the cell pellet.
The supernatant was abandoned carefully and the pellet in
eppendorf tube was stored in -80℃ ultra low temperature
freezer (LegaciTM Refregeration system, REVCO
Technologies) for the subsequent 2D PAGE analysis. All the
processes were performed in sterile condition.
Sample prepared for 2D-PAGE
Before cell lysis, cooled and distilled water was used to
rinse the surface of cell pellets gently for two times to
www.wjgnet.com
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Figure 1 Two-dimensional electrophoresis map of human hepatocarcinoma cell
line SMMC-7721.

remove the remnant phosphate. For two bottles of cells,
100 μL of lysis solution containing 8 mol/L urea, 40 g/L
CHAPS and 20 g/L Pharmalyte 3-10 was added into the
eppendorf tube, and well-established freeze-thaw lysis
method was used to extract the proteins from SMMC-7721
cells with added 0.1 mmol/L PMSF as protease inhibitor.
Then the suspension was centrifuged at 40 000 × g for 1 h
at 4℃ (Beckman TL100 Ultracentrifuge, TLA 100.3 rotor,
Fullerton, CA, USA). All the process was carried through
in ice bath or at 4℃. The precipitation was removed and
the supernatant was retained for the subsequent 2D-PAGE
analysis. Protein concentration was measured by the
Bradford assay using bovine serum albumin as standard.
First dimension: Isoelectric focusing
Proteins were isoelectrofocused on the IPGphor isoelectric
focusing equipment. Extracted protein was mixed with
reswelling buffer (8 mol/L urea, 20 g/L CHAPS, 0.7 mg
DTT, 1 μL IPG buffer 3-10 and 0.02 g/L bromophenol
blue). The mixture was oscillated completely by Vortex
Mixer and centrifuged at 2000 × g for 2 min at 4℃ to
remove the foam. Then 250 μL of supernatant (containing
200 μg proteins) was added in the ceramic strip holder
and IPG strip was placed in it with Mineral oil (Pharmacia,
Amersham Biotech) covered. The dried IPG strips were
rehydrated for 12 h with the sample in reswelling buffer
(250 μL) in the ceramic strip holder (1 h without current,
followed by 5 h at 30 V and then 6 h at 60 V). After
rehydration for 12 h, protein samples were focused at 200 V
for 3 h and 500 V for 3 h to remove any ions contained,
and then for 30 min each at 1000 V, 5000 V and 8000 V,
respectively, followed by 8000 V, for a total of 35 000 Vhs.
Second dimension: SDS-PAGE
IPG strips were removed into the first equilibrated
buffer (50 mmol/L Tris-HCl, 6 mol/L urea, 20 g/L
SDS, 300 mL/L glycerol, 30 mmol/L DTT, pH 6.8) and
incubated for 15 min after isoelectric focusing, followed by
incubation in the second equilibrated buffer (50 mmol/L
Tris-HCl, 6 mol/L urea, 20 g/L SDS, 300 mL/L glycerol,
25 g/L iodoacetamide, pH 6.8) for 15 min. After twosteps equilibration, IPG strips were loaded on the 2D gels
(14 cm × 15 cm, 1 mm thickness) which contained 120 g/
www.wjgnet.com
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L acrylamide and were sealed by 5 g/L agarose containing
0.02 g/L bromophenol blue. The second dimension
separation was performed using Hoefer SE 600 standard
vertical system with the current of 10 mA per strip for
20 min, followed by 20 mA per strip for 5 h. The 2D
gels were stained using optimized classic silver staining
method which is more suitable for mass spectrometry
identification.
Analysis of 2D gel images
The 2D gel images were acquired from a Sharp JX-330
scanner and analyzed by the Image Master 2D Elite
software. After intensity calibration, spot detection,
background subtraction, normalization and one dimension
calibration, the pI and molecular weight of each spot
were calculated, followed by the identification based on
MALDI-TOF-MS.
Identification of proteins using MALDI-TOF-MS
The selected protein spots were cut from the gel and
tryptic digested in gel. The extracted enzymolyzed peptides
were identified by peptide mass fingerprinting based on
matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF-MS, Voyager-DE),
analyzed using Data explore (Applied Biosystems) and
matched in ProFound-Peptide Mapping (http://prowl.
rockefeller.edu/profound_bin/WebProFound.exe).

RESULTS
2D-PAGE analysis
The representative examples of cell proteins separated
on a 2D-gel are shown in Figure 1, where 200 μg of total
proteins extracted from SMMC-7721 cells were loaded.
Nearly 1000 proteins spots were obtained in the range of
Mr 14.4-94.0 kDa, pI 3-10. We successfully identified 21
proteins and marked in this map with their NCBI/SWISSPROT number. The 2D map shows that there are various
proteins abundantly expressed in the high molecular mass
region at acidic end and this characteristic appears in all the
2D gels with different protein sample load. The different
lysis solutions (7 mol/L urea, 2 mol/L thiourea, 40 g/L
CHAPS, 60 mmol/L DTT, 20 g/L Pharmalyte pH 3-10
and 0.02 g/L bromophenol blue) led to a few changes of
protein profile at basic end; however, no change in the
high expression of proteins in high molecular mass region
at acidic end.
Protein identification by MS
The information of proteins marked in Figure 1 are
shown in Table 1, including the theoretical pI/Mr (kDa)
value of identified proteins from Profound, experimental
pI/Mr (kDa) value from one-dimensional calibration of
2D image in Image Master 2D Elite, Profound scores and
normalization volume. Comparison between experimental
and theoretical pI/Mr (kDa) of proteins was used to
ensure the protein identification based on the MS results.
The Profound score represented the possibility of correct
identification in ProFound-Peptide mapping. score of 1.65
for a search means that the search was in the 95th percentile,
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Table 1 Information of the identified proteins in human hepatocarcinoma cell line SMMC-7721
No.
159
149
259

NCBI/SWISS-PROT
accession No.
P38646
P38646
P10809

Protein description

136
275
757
278
265

P11021
P27797
P30040
P30101
P07237

789

Q13162

849

32483377

645

P21796

372
699
319
774
295
108
714
397
283

P31930
Q13011
P06576
P30084
P55809
Q16891
P35232
P08670
P07437

HSP70, heat shock 70-ku protein 9B precursor
HSP70, heat shock 70-ku protein 9B precursor
Chaperonin CH60,
60-ku heat-shock protein, mitochondrial precursor
GRP78, Bip, 78-ku glucose-regulated protein precursor
Calreticulin precursor
Endoplasmic reticulum protein ERp29 precursor (ERp31) (ERp28)
Protein disulfide isomerase ER60 precursor
Protein disulfide isomerase precursor
(Prolyl 4-hydroxylase, beta subunit)
Peroxiredoxin-4 (Prx-Ⅳ) (Thioredoxin peroxidase AO372)
(Thioredoxin-dependent peroxide reductase A0372) (antioxidant
enzyme AOE372)
(NP_054817.2) Peroxiredoxin 3 isoform b; thioredoxin-dependent
peroxide reductase precursor
Voltage-dependent anion channel protein I (VDAC1)
(plasmalemmalporin) (outer mitochondrial membrane protein
porin) (PORIN 31NL) (porin 31HM)
Ubiquinol-cytochrome C reductase complex core protein I
Peroxisomal enoyl-CoA hydratase
ATP synthase beta chain, mitochondrial precursor
Mitochondrial short-chain enoyl-coenzyme A hydratase 1
Probable 3-oxoacid CoA transferase 1 precursor
Mitochondrial inner membrane protein (Mitofilin) (p87/89)
Prohibitin
Vimentin
Tubulin beta-2 chain

153

P02545

Lamin A/C isoform 1 precursor

6.6/74.0

6.2/71.6

2.30

0.297

150

P02545

Lamin A/C isoform 2

6.4/65.1

6.1/71.8

2.28

0.444

246

P02545

Lamin A

6.4/57.7

6.2/60.4

1.80

0.16

415
416
417

P02570
P02570
P02570

Actin cytoplasmic 1
Actin cytoplasmic 1
Actin cytoplasmic 1

5.3/41.7
5.3/41.7
5.3/41.7

5.3/42.4
5.4/42.6
5.4/42.7

2.39
2.23
2.18

-

higher than which is regarded as probably correct match.
The volume of each spot was divided by the total volume
of all the spots in the gel, and then multiplied by 100,
which produced spot percentage volume. This final value
is related to the expressing quantity of proteins in cells.
"-" means the protein did not perform in normalization
calculation. Among the identified proteins (Table 1),
several proteins have been reported in the previous studies
on other HCC cell lines, such as HSP70, chaperonin
CH60, calreticulin, voltage-dependent anion channel
protein 1, GRp78 (Bip), prohibitin, vimentin, lamin A/C,
protein disulfide isomerase ER60, prolyl 4-hydroxylase
beta subunit, ATP synthase beta chain, peroxiredoxin-3
isoform b and mitochondrial short-chain enoyl-coenzyme
A hydratase 1. In addition, chaperonin CH60, calreticulin,
protein disulfide isomerase ER60, actin and endoplasmic
reticulum protein ERp29 were included in the identified
proteins in human liver shown in SWISS-2DPAGE [7].
However, to our knowledge, mitofilin, endoplasmic
reticulum protein ERp29, ubiquinol-cytochrome C
reductase complex core protein I, peroxisomal enoyl CoA
hydratase, peroxiredoxin-4 and probable 3-oxoacid CoA
transferase 1 precursor are the novel proteins identified in
hepatocarcinoma cell lines or tissues. Identified proteins
may be potentially involved in the metabolic processes of
HCC pathogenesis, development and metastasis, and some

Theoretical
pI/Mr (kDa)
5.9/73.7
5.9/73.7
5.7/61.2

Experimental
pI/Mr (kDa)
5.4/71.0
5.4/71.8
5.3/58.7

Profound
score
2.37
2.30
2.33

Normal
volume
1.228
0.271

5.2/71.0
4.3/48.2
6.8/29.0
6.0/57.1
4.8/57.0

5.1/75.4
4.4/56.0
6.0/29.3
5.7/55.6
4.8/57.7

2.37
2.35
2.26
2.42
2.41

0.383
0.374
0.958
0.734

5.9/30.7

5.6/28.5

2.38

0.785

7.1/26.1

6.0/26.5

1.73

1.141

8.8/30.8

9.2/34.4

2.23

1.572

5.9/53.3
6.6/36.1
5.3/56.6
6.9/32.0
7.2/56.6
6.1/84.0
5.6/29.9
4.8/41.7
4.7/50.2

5.5/45.5
6.0/32.3
5.1/51.1
5.9/29.0
6.0/53.5
5.8/81.8
5.5/31.1
4.8/43.2
5.0/55.0

2.29
2.14
2.39
2.26
1.65
2.24
2.18
2.19
2.37

0.121
0.927
0.222
0.773
0.449
0.410
1.923
-

of them could become the novel candidate biomarkers in
diagnosis and therapy of liver cancer. Five protein spots,
although with the good spectra, were returned unmatched
in the profound search. They may be the novel proteins
and need to be identified further.

DISCUSSION
Chaperones are one main kind of proteins identified in
SMMC-7721. They are always involved in the regulation
of protein synthesis, folding, assembly, modification and
isomerization. They are also commonly correlative to
the process of transport across membrane and digesting
of incorrect peptide folding. Chaperones can form the
essential defense mechanism for the protection of cells
from a variety of harmful conditions (e.g. temperature
elevation or heat shock, decrease in pH, oxidative
stress, hypersalinity, fever, inflammation, etc.), and so are
suggested to be not only the potential regulator involved in
tumor pathogenesis but also the candidate biomarkers for
tumor diagnosis and therapy.
Heat-shock proteins (HSPs) belong to the chaperone
f a m i l y, i n w h i ch H S P 6 0 , H S P 7 0 a n d G R P 7 8 a r e
identified in SMMC-7721. Expression of HSPs could
protect cells and tissues from harmful assaults, including
lethal temperature and stress. Conversely, the stressful

www.wjgnet.com

2612

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

microenvironments in intra- or extra-tumor cells may also
stimulate the high expression of HSPs. So it is suspected
that the high expression of HSPs may be the response of
cells to the stressful microenvironments and may promote
tumorigenesis via inhibiting cell death induced by a wide
range of stimuli, including several cancer-related stresses
like hypoxia, inflammatory cytokines, irradiation, oxidative
stress and anticancer drugs [16]. The ability of HSPs to
protect cells from stressful stimuli also suggests that these
proteins play a role in tumorigenesis, with the fact that cells
or tissues from various tumors have been shown to express
unusually high levels of one or more HSPs. Furthermore,
as the key regulatory points in the control of apoptosis,
HSPs function at multiple points in the apoptotic signal
pathway and sometimes their expressing levels depend on
the expression of other proteins involved in activation of
apoptotic pathway[17]. So they could promote tumor cell
growth by inhibiting apoptosis or stabilizing the lysosomal
membranes[18]. Moreover, HSPs chaperone activity can
also influence tumorigenesis by regulating the activity of
proteins involved in the cell cycle machinery[19]. However,
sometimes the expressing level of HSPs depends on the
tumoral level of the neoplasm and is related to the origin
of neoplasm tissue[20]. Hence, on the one hand, the high
expression of a group of HSPs (i.e. HSP70 and HSP60)
found in SMMC-7721 cells can reflect the stress response
and self-protective effort of the cells during the genesis of
cancer. On the other hand, their involvement in apoptotic
process needs further proving. As for the GRP78, many
endoplasmic reticulum (ER) proteins interact transiently
with it, so it may play a key role in monitoring protein
transport through the cell. High expression of GRP78
in SMMC-7721 cells in this study may indicate that
the endoplasmic reticulum responds to the stresses in
microenvironments of tumor cells at the cellular level and
evokes specific signal transduction pathways to induce
GRP78 as a result of accumulating malfolded proteins,
glycosylation block or calcium ionophore, etc. in the ER.
Moreover, GRP78 can reduce the sensitivity of tumor
cell to be killed by cytotoxic T lymphocytes, increase its
tumorigenesis and prevent its apoptosis[21]. So, GRP78 can
be the potential candidate marker for hepatocarcinoma
diagnosis and therapy, furthermore, destructing the
synthesis of GRP78 may be useful as a new approach to
cancer therapy.
Calreticulin (P27797, Figure 1) is pivotal molecule
mediating ER-initiated apoptosis, which is involved in
ER stress. Associated with other ER chaperones, such as
Bip and PDI, calreticulin participates in the assembly and
matureness of MHC class I molecule and then cooperates
with MHC class I molecule to act on the correct folding
and assembly of protein and the presentation of
antigen[22], which shows key effect on tumor pathogenesis
and development. Calreticulin, down-regulated in the
highly metastatic hepatocarcinoma MHCC97-H cells, was
involved in the inhibition of angiogenesis and suppression
of tumor growth [23] . However, calreticulin is highly
expressed in SMMC-7721 cells and human colorectal
carcinoma, in which the mechanism is not clear. Thus, the
specific cancer-related function of calreticulin needs to be
further studied.
www.wjgnet.com
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Considering the chaperone activity of protein disulfide
isomerases (PDIs) involved in the proper folding and
formation of proteins, it is reasonable that PDI expression
is often up-regulated under stress conditions. This may be
useful to explain the high expression of PDIs (i.e., ER60,
proly 4-hydroxylase complex and ER29) in the stressful
microenvironment in SMMC-7721 cells. For example,
ER60 (P30101, Figure 1) with CH60 (P10809) and other
enzymes participating in the catalysis of protein folding
and assembly were reported to be differently expressed
in differentiating Caco-2 cells, a colorectal carcinoma
cell line, thereby suggesting that the process of the
correct protein folding and assembly may be involved in
Caco-2 differentiation[24]. Proly 4-hydroxylase β-subunit
(P4HB) was reported to be highly expressed in HER-2/
neu-positive breast cancer and may be associated with
antioxidant and detoxification pathways which are involved
in the microenvironment changes during the tumorigenesis
process [25] . ER29 (P30040, Figure 1) is hypothesized
to function as a molecular chaperone facilitating not
only folding of the secretory proteins in ER[26], but also
transporting of thyroglobulin and other secretory proteins
to the cell exterior. However, whether ER29 is involved in
the tumorigenesis needs to be proved further because its
specific functions are not clear so far.
Although the molecular basis for high expression
of chaperones and HSPs in tumors is not completely
understood and there may be different etiologies involved,
the suboptimal cellular environment in poorly vascularised
hypoxic tumors or the stressful growth conditions within
the solid tumors may contribute to the over-expression of
chaperones and HSPs[27]. Moreover, the contribution of
chaperones and HSPs to tumorigenesis may be attributed
to their pleiotropic activities as molecular chaperones,
which provide the cancer cell an opportunity to alter
protein activities, in particular the components of the cell
cycle machinery, kinases and other proteins implicated
in tumor progression [19]. HSPs are useful biomarkers
for carcinogenesis in some tissues and indicate the
degree of differentiation and aggressiveness of some
cancers. The circulating levels of HSPs and anti-HSP
antibodies in cancer patients may be also useful in tumor
diagnosis[27]. Moreover, compared with the low metastatic
subpopulations of lung cancer, the protein profiles showed
protein disulfide isomerase ER60, heat-shock protein
CH60 and thioredoxin peroxidase (P30101, P10809,
Q13162; Figure 1) were significantly down-regulated in
high-metastasis subpopulation. These candidate proteins
are evidenced to be somehow associated with various
aspects of tumor metastasis, such as cell growth, motility,
invasion, adhesion, apoptosis and tumor immunity.
Another cancer-related protein identified in SMMC-7721
cells was prohibitin (P35232, Figure 1), which was also
identified in hepatocarcinoma HCC-M cell line[9]. Prohibitin
is an anti-proliferative protein and may function as a tumor
suppressor. Commonly, it is involved in blocking DNA
synthesis and the negatively regulation of cell proliferation.
However, prohibitin was highly expressed in SMMC-7721
cells and increased expression of prohibitin was also
reported in gastric cancer [28], human epithelial ovarian
cancer cell line[29] and papillary carcinomas[30]. The high
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expression of prohibitin may be a reciprocal indicator for
the inhibition of cell proliferation or be related to other
interaction of prohibitin with various cell-cycle regulatory
proteins rather than inducing anti-proliferation.
The identified proteins in the present study may
be involved in the tumorigenesis, tumor growth and
metastasis of hepatocarcinoma via their own way and
some of them may be the candidate biomarkers for
hepatocarcinoma diagnosis and therapy. However, some
proteins also exist in normal liver cells and may behave
different functions during the carcinogenesis in tumor
cells or tissues compared with in normal ones. Thus, the
expression of these proteins in normal and tumor tissues
need to be examined and compared further, and the
cloning and functional studies need to be carried out to
ensure whether these proteins are significantly involved in
the process of carcinogenesis.
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Abstract
AIM: To study the correlations of Pancreas duodenal
homeobox-1 with pancreatic cancer characteristics,
including pathological grading, TNM grading, tumor
metastasis and tumor cell proliferation.
METHODS: Reverse transcriptase-polymerase chain
reaction (RT-PCR) was used to detect PDX-1 mRNA
expression in pancreatic cancer tissue and normal
pancreatic tissue. The expression of PDX-1 protein was
measured by Western blot and immunohistochemistry.
Im m u n o h i s t o c h e m i s t r y wa s a l s o u s e d t o d e t e c t
proliferative cell nuclear antigen (PCNA). Correlations of
PDX-1 with pancreatic cancer characteristics, including
pathological grading, TNM grading, tumor metastasis
2
and tumor cell proliferation, were analyzed by using χ
test.
RESULTS: Immunohistochemistry showed that 41.1% of
pancreatic cancers were positive for PDX-1 expression,
but normal pancreatic tissue except islets showed no
staining for PDX-1. In consistent with the result of
imunohistochemistry, Western blot showed that 37.5%
of pancreatic cancers were positive for PDX-1. RT-PCR
showed that PDX-1 expression was significantly higher in
pancreatic cancer tissues than normal pancreatic tissues
-3.56 ± 0.35
(2
vs 2-8.76 ± 0.14, P < 0.01). Lymph node metastasis
(P < 0.01), TNM grading (P < 0.05), pathological grading
(P < 0.05) and tumor cell proliferation (P < 0.01) were
significantly correlated with PDX-1 expression levels.
CONCLUSION: PDX-1 is re-expressed in pancreatic
cancer, and PDX-1-positive pancreatic cancer cells show
more malignant potential compared to PDX-1-negative
cells. Therefore, PDX-1-positive cells may be tumor stem

INTRODUCTION
According to the hypothesis of cancer stem cells, only a
rare, phenotypically distinct subset of cells has the capacity
of forming new tumors and that this subgroup could be
considered cancer stem cells, the other cells in cancers are
filial generation of these cells[1]. Recently, it was reported
that cancer stem cells existed in some solid malignancies,
including breast, brain, prostate and lung cancers [2-6].
Although the cellular origin of cancer stem cells has not
been definitively determined, evidence suggest that they
may be derived from mutation of somatic stem cells
caused by interaction of microenvironment, carcinogen
and hereditary factors. Therefore, somatic stem cells and
cancer stem cells may express the same surface markers[1].
It is reported that 90% of pancreatic cancers originate
from pancreatic ducts, and PanIN (pancreatic intraepithelial
neoplasia), which is a precancerous lesion, also originates
from pancreatic ducts[7,8]. In addition, signal molecules that
regulate proliferation and differentiation of embryonic
stem cell are activated in human pancreatic cancers and
mice model of pancreatic cancer. Considering that there
are pancreatic stem cells located in pancreatic ducts, it is
possible that pancreatic cancer originates from these stem
cells[9].
Pancreas duodenal homeobox-1 is a key transcription
factor in embryonic pancreas development, it is critical
for ensuring proper embryonic development of the
endocrine pancreas and normal islet function and act
as a marker of pancreatic stem cells[10]. PDX-1 is found
in the mouse primitive gut as early as the stage of 8.5
d, it directs the pancreatic stem cells differentiation by
promoting expression of molecules which are associated
www.wjgnet.com
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with endocrine cells and exocrine cells development. At
the stage of 13.5 d, the expression of PDX-1 increased
to promote expression of molecules which are associated
with endocrine cells differentiation, which plays a key
role in beta cells maturation and differentiation [11]. In
mature pancreas, PDX-1 is mainly expressed in beta
cells other than ductal cells[12], but it was found to be reexpressed in ductal cells in some conditions, such as
partial pancreatectomy and pancreatitis, thereby suggesting
that activation of stem cells is located in the pancreatic
duct[13-16].
We deduce that pancreatic cancer may originate
from the mutation of pancreatic stem cells located
in the pancreatic ducts and PDX-1 may be activated
extraordinarily in this process. To investigate whether
PDX-1 is re-expressed in pancreatic cancer and its role
in pancreatic cancer development, expression of PDX-1
was detected in pancreatic cancer tissues at protein and
mRNA levels. At the same time, expression of PCNA was
determined, and also correlation of PDX-1 expression
with tumor characteristics was explored.

MATERIALS AND METHOD
Materials
Fifty-six pancreatic cancer patients (29 men and 27
women, age ranged from 47 to 69 years) who underwent
pancreaticoduodenectomy at Union Hospital, Wuhan,
China between 2000 and 2004 were enrolled in this study.
Lymph node metastasis was found in 36 of 56 (64.3%)
patients. Of 56 samples, 17 were well-differentiated,
21 were moderately differentiated and 18 were poorly
differentiated. According to the criteria of the TNM
classification (UICC), 19 patients had stage I and II, 37
patients had stage III and IV cancer. Six normal pancreas
tissue samples were used as control.
Goat anti-PDX-1 monoclonal antibody was purchased
from Santa Cruz, USA. Rabbit anti-PCNA monoclonal
antibody was purchased from Boster, China. S-P
immunohistochemistry kit was from Zymed, USA, and
DAB coloration kit was from Zhongshan Biotec, China.
Immunohistochemistry
S a m p l e s we r e f i xe d i n 4 % p h o s p h a t e - b u f f e r e d
paraformaldehyde overnight at 4℃, dehydrated in ethanol,
embedded in paraffin, cut into 3-µm thick sections, and
stained with H&E. S-P immunohistochemistry was used to
detect the expression of PDX-1 and PCNA. Cells stained
with brown yellow in cytoplasm were defined as positive.
Ten optical fields at 400 × magnification were randomly
selected in each slide, and 50 cells were counted in every
field. Sections with less than 15% positive cells were
defined as negative and that with ≥ 15% positive cells
were defined as positive.
Real-time PCR analysis
Total RNA was extracted separately from tissues with
TRIZOL reagent following the manufacturer's instructions. For reverse transcription, 4 µL of total RNA and 0.5
µL of Oligo (dt) were added to 6.5 µL of distilled water,
www.wjgnet.com
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annealed for 5 min at 70℃ and immediately cooled on
ice. Then 4.0 µmol/L 5 × first strand buffer, 2.0 µL of 10
mmol/L dNTP, 0.5 µL of RNasin and 0.5 µL of RTase
were added to get a total reaction volume of 20 µL. The
reaction was allowed to proceed at 37℃ for 60 min, then at
95℃ for 5 min to inactivate the enzyme. In real-time PCR,
each assay was repeated three times. The total PCR volume
consisted 1 µL of cDNA, 1 µL of SYBRGreen PCR I,
5 µL of 10 × buffer, 1.6 µL of primers (PDX-1: 5'-CTTG
GGTATGGATCTGTGG-3' and 5'-CGGACTCATCGTA
CTCCTGCTT-3'; beta-actin: 5'-CCATCATGAAGTGTG
ACGTGG-3' and 5'-GTCCGCCTAGAAGCATTTGCG3'), 7 µL of MgCl2, 0.5 µL of Taq DNA Polymerase, 1 µL
of dNTP and 33 µL of distilled water. After denaturation
of the enzyme for 2 min at 94℃, the PCR assays were
carried out for 45 amplification cycles, each cycle consisted
of denaturation at 94℃ for 30 s, annealing at 57℃ for
30 s and extension at 72℃ for 30 s. Fluorometric PCR
was performed with the FTC-2000 System. Relative gene
expression was determined by calculating the ratio of each
transporter protein gene and β-actin.
Western blot
Total protein was obtained from tissues as previously
described[14]. Briefly, tissue was lysed in 50 mmol/L Tris
(pH 7.5), 0.3 mol/L NaCl, 5 mL/L Triton X-100, 1 g/L
sodium azide, with a cocktail of antiprotease (chymostatin,
leupeptin, aprotinin, pepstatin (CLAP), 100 µmol/L
each; Sigma Aldrich). Then protein samples (50 µg)
were separated on 100 g/L SDS-PAGE and transferred
from gel onto nitrocellulose membrane and blocked in a
blocking solution (50 g/L dry milk and 3 mL/L Tween
20 in PBS) for 1 h. Membranes were then incubated
with goat anti-rat PDX-1 antibody (1:10 000 dilution)
and horseradish peroxidase-labeled secondary antibody
(1:5000 dilution) (Amersham, Japan). Finally, the protein
was visualized on enhanced chemiluminescence film
(Hyperfilm, Amersham, Japan) by applying Amershem's
Enhanced Chemiluminescence Western blotting Detection
System. Band intensity was quantitated with Gel Analysis
software (GreyStone-Iconix). Samples which expressed
higher PDX-1 than normal pancreatic tissues were defined
as positive, otherwise negative.
Statistical analysis
Chi-square test was used to analyze the data. P < 0.05 was
considered statistically significant.

RESULTS
Expression of PDX-1 protein in pancreatic cancers and
normal pancreatic tissues
Immunohistochemical staining showed that 41.1%
(23/56) samples were positive for PDX-1. PDX-1 was
mainly expressed in cytoplasm, with strong positivity
located mainly at the leading edge of infiltration (Figure
1A). PDX-1 was also weekly expressed in the beta cells
of pancreatic islet in normal pancreatic tissues, but not
found in the pancreatic duct (Figure 1B). Western blot
showed that 37.5% (21/56) samples were positive for
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Table 1 Correlation of PDX-1 protein expression with
clinicopathological characteristics
Clinicopathological
characteristics
Lymph node metastasis
Yes
No
TNM staging
Stage I and II
Stage III and IV
Pathology staging
Well differentiated
Moderately differentiated
Poorly differentiated

Figure 1 Immunohistochemical analysis of PDX-1 expression in different tissues.
A: PDX-1-positive cells in pancreatic cancers and located at the leading edge of
infiltration; B: Weekly expressed PDX-1 in beta cells but not in ductal cells.

Samples
(n )

PDX-1 (+)

PDX-1 (-) P

36
20

20
3

16
17

0.003b

12
44

2
23

10
21

0.047a

17
21
18

3
9
11

14
12
7

0.032a

a

P < 0.05, bP < 0.01.

PDX-1

M

C

C

N

A

N

B

Figure 2 Western blot analysis of PDX-1 expression in different tissues. M:
Marker; C: Pancreatic cancer; N: Normal pancreas tissue.

PDX-1 mRNA/β-actin mRNA

0.20

Figure 4 Expression of PCNA in pancreatic cancer tissues. A: PCNA-positive
cells, mainly duct-like cells; B: The proportion of PCNA-positive cells is higher in
leading edge of infiltration.

0.15
0.1285
0.1142
0.10

0.0854

0.0308

0.05

0.00

0.1066

0.0848

C

0.0023
N

0.0427

LM(+) LM(-) TNM ≥ III TNM ≤ II PD

0.0356

MD

WD

Figure 3 Correlations of PDX-1 mRNA expression with tumor characteristics.
C: Cancer tissue; N: Normal tissues; LM: Lymph node metastasis; TNM: TNM
staging; PD: Poorly differentiated; MD: Moderately differentiated, WD: Well
differentiated.

PDX-1, which was in consonance with the result of
imunohistochemistry (Figure 2).
Expression of PDX-1 mRNA in pancreatic cancers and
normal pancreatic tissues
The 2-ΔΔCT method was used to analyze mRNA expression.
Relative to beta-actin, the PDX-1 mRNA in pancreatic
cancers was 0.0848 (range: 0.0665-0.1080) whereas
that of normal pancreatic tissues was 0.0023 (range:
0.0021-0.0025) (Figure 3).
Correlations of PDX-1 expression with tumor characteristics
We found a significant relationship between PDX-1
expression and lymph node metastasis (P < 0.01) (Table 1):
55.6% (20/36) tumor tissues with lymph node metastasis
were PDX-1-positive, whereas only 15% (3/20) tumor
tissues without lymph node metastasis were PDX-1positive. PDX-1 expression was also markedly related to

TNM staging (P < 0.05) and pathology staging (P < 0.05).
PDX-1 mRNA was over-expressed in the pancreatic
cancer tissues compared to normal pancreatic tissues
(Figure 3). Interestingly, PDX-1 mRNA expression in
cancer tissues with lymph node metastasis, late TNM
staging and lower pathology staging was much higher than
their counterpart.
To study the correlation of PDX-1 expression with
cell proliferation, we detected the expression of PCNA
in pancreatic cancer by imunohistochemistry. The results
showed that 53.6% (30/56) pancreatic cancers were
positive for PCNA; 78.26% (18/23) PDX-1-positive
samples were positive for PCNA, whereas only 36.36%
(12/33) PDX-1-negative samples were positive for
PCNA. These results indicated that PCNA expression
was obviously related to PDX-1 expression in pancreatic
cancer tissues (Figure 4).

DISCUSSION
In mammals, pancreas is well known to inherit a strong
regeneration potential. The remnant pancreas can regenerate and recover the function of insulted pancreas
after pancreatitis or partial pancreatectomy[14-16]. Previous
studies suggested that this process was correlated with
proliferation and differentiation of pancreatic stem cells,
i.e. on stimulation of impaired factors, quiescent stem
cells, which are regarded as located in the pancreatic duct,
were activated to proliferate and differentiate into impaired
cells. In a previous study, we observed that mature duct
cells were main progenitor source for pancreatic growth
www.wjgnet.com

2618

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

in rat pancreatectomy model and PDX-1 was re-activated
in the ductal cells, thereby suggesting that re-activation of
PDX-1 is a marker of pancreatic stem cells.
There is overwhelming evidence that cancer stem
cells, which are considered to originate from somatic stem
cells, should be responsible for tumors malignancy [17].
Miyamoto et al[9] found that signal molecules that regulate
proliferation and differentiation of embryonic stem cell
were activated in human pancreatic cancers. Thus, we
deduced that PDX-1 may be re-activated in the process of
transformation from pancreatic stem cells to pancreatic
cancer stem cells.
To investigate whether PDX-1 was re-expressed
in pancreatic cancer and its role in pancreatic cancer
development, we detected PDX-1 protein and mRNA
expression in 56 pancreatic cancer tissues. To validate
the used methods, we also analyzed normal human
pancreatic tissues. Results of immunohistochemistry
indicated that PDX-1 was only weekly expressed in beta
cells of the pancreatic islet in normal pancreatic tissues,
which is in agreement with previous studies in mice and
human pancreas [11,12], but PDX-1 was re-activated in
pancreatic cancers. About 41.1% samples showed positive
immunostaining for PDX-1 in the cytoplasm and nuclei
of cells, especially in the cells located at the leading edge
of infiltration, thereby implying that PDX-1 plays a role in
pancreatic cancer infiltration. Results of Western blot were
in consonance with that of immunohistochemistry. In
addition, we analyzed the correlation of PDX-1 expression
with tumor characteristics. We found that lymph node
metastasis, TNM grading and pathological grading were all
significantly correlated with PDX-1 expression.
To study the correlation of PDX-1 expression with
cell proliferation, we detected the expression of PCNA in
pancreatic cancer by immunohistochemistry. The positive
rate of PCNA in PDX-1-positive samples was as high as
78.2%, whereas that in PDX-1-negative samples was only
36.4%, suggesting that PDX-1-positive cells had higher
potential of proliferation. Many studies have demonstrated
high frequency of mutations of oncogene such as K-ras
and tumor suppressor genes such as p16, p53 in pancreatic
cancer tissues and cell lines[8,18,19]. Based on our study, we
deduced that the alteration of PDX-1 expression might
represent one of those genetic changes.
In summary, PDX-1 is re-expressed in pancreatic
cancers, and its expression level has a significant correlation
with pathological grading, TNM grading, tumor metastasis
and tumor cell proliferation. Since PDX-1 is considered a
marker of pancreatic stem cells, we tentatively put forward
that cells that express PDX-1 in pancreatic cancers may be
cancer stem cells. How does the PDX-1 molecule affect
the malignancy of a particular cell is awaited to be studied
in our future work.
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Abstract
AIM: To analyze the surgical management of adult
primary retroperitoneal tumors (APRT) and the factors
influencing the outcome after operation.
METHODS: Data of 143 cases of APRT from 1990 to
2003 in the First Affiliated Hospital of China Medical
University were evaluated retrospectively.
RESULTS: A total of 143 cases of APRT were treated
surgically. Among them, 122 (85.3%) underwent
complete resection, 16 (11.2%) incomplete resection,
and 3 (3%) surgical biopsies. Twenty-nine (20.2%)
u n d e r w e n t t u m o r re s e c t i o n p l u s m u l t i p l e o rg a n
resections. Ninety-five malignant cases were followed
up for 1 mo to 5 years. The 1-year, 3-year, and 5-year
survival rates of the patients subject to complete
resection was 94.9%, 76.6% and 34.3% and that of
patients with incomplete resection was 80.4%, 6.7%,
and 0%, respectively (P < 0.001). The Cox multi-various
regression analysis showed the completeness of tumor,
sex and histological type were associated closely with
local recurrence.
CONCLUSION: Sufficient preoperative preparation
and complete tumor resection play important roles in
reducing recurrence and improving survival.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Adult primary retroperitoneal tumor (APRT) is a rare
but diverse group of neoplasms that arise within the
retroperitoneal space. It comprises about 0.2%-0.5% of
all malignant tumors. Surgical resection is difficult because
of the proximity of vital structures of the retroperitoneal
and adjacent vascularities. These affect local recurrence,
postoperative outcomes and long-term survival rates[1,2].
A retrospective review of 143 cases of APRT in the
First Affiliated Hospital of China Medical University was
performed to analyze the factors influencing postoperative
outcomes and optimize treatment strategies.

MATERIALS AND METHODS
General materials
From January 1990 to April 2003, 143 patients (89 males
and 54 females) with APRT were treated in the First
Affiliated Hospital of CMU. The mean age was 52 years
(19-81 years). The clinical course range from 1 mo to 12
years, averaging 12 mo. The mean course of benign cases
was 20 mo while malignant ones was 9 mo. The tumors
were 6-32 cm in diameter with a mean of 13 cm. Mean
diameter of benign tumors was 7 cm while it was 15
cm for malignant ones. Four patients had no symptoms
when taking physical examinations, while 139 had
clinical manifestations (Table 1). All patients underwent
ultrasonography, computerized tomography (CT) and/
or magnetic resonance imaging (MRI). A total of 122
(85.3%) patients underwent DSA. All patients with APRT
received surgical therapy and pathological evaluation.
Surgical therapy
Of the 143 patients, 122 underwent complete resection
(85.5%), 43 (95.6%) of 45 benign cases and 79 (80.6%)
of 98 malignant cases underwent complete resection.
Sixteen (11.3%) of 143 underwent incomplete resection.
Three (3%) of 143 had surgical biopsies. Twenty-nine
(20.2%) patients underwent tumor resection plus multiple
organ resections (Table 2). During operations, the mean
amount of blood transfusion was 1150 mL, 800 mL for
benign cases and 1356 mL for malignant ones. All had
postoperative pathological diagnosis.
Statistical analysis
The comparison of survival rate between complete
and incomplete resection groups was performed by χ2
test. COX regression analysis was performed using an
independent variable (male, malignant tumor, completeness
www.wjgnet.com
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Table 1 Clinical manifestation of 139 patients
Clinical manifestations
Abdominal mass
Abdominal pain
Abdominal distension
Lumbar region pain
Fever
Constipation
Lower extremity edema
Weight loss
Lower limb pain
Dysuria
Lower limb numbness
Loss of appetite

n (%)
84
72
26
23
11
11
9
7
7
6
5
5

(60.4)
(51.8)
(18.7)
(16.5)
(8.0)
(8.0)
(6.5)
(5.0)
(5.0)
(4.3)
(3.6)
(3.6)

Table 2 Patients underwent multiple organs resection (n = 29)
Surgery
Nephrectomy
Partial colorectomy
Splenectomy
Distal Panctratectomy
Artificial blood vessel transplantation
Partial small intestine resection
Partial ureterectomy
Partial duodenectomy
Partial gastrectomy
Uterectomy
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Table 3 Histological types of 143 cases of APRT
Tissue source Benign
Mesenchymal Lipoma
tissue
Leiomyoma
Lymphangioma
Fibroma
Hemangioma
Mesenchymoma

n
5
4
3
4
5
4

Malignant
Liposarcoma
Leiomyosarcoma
Rhabdomyosarcoma
Malignant fibrous histiocytoma
Malignant mesenchymoma
Malignant lymphoma
Malignant hemangioendothelioma
Scirrhous fibroma
Malignant neurofibroma
Malignant Paraganglioma
Malignant schwannoma
Malignant teratoma

Neurogenous Neurofibroma
5
tissue
Paraganglioma
2
Schwannnoma
4
Geitoembryo Teratoma
5
tissue
Unclassified Retroperitoneal 4 Undifferentiated sarcoma
tumor
cyst
Total
45

n
21
16
11
8
6
5
6
2
9
3
4
6
1
98

n
16
15
11
8
7
6
6
4
4
3

Overall survival (%)

2620

1.0

Complete
resection

0.8

Incomplete
resection

0.6

Complete
resectioncensored

0.4

Incomplete
resectioncensored

0.2
0.0

of tumor resection, histological types) and dependent
variable (recurrence, survival rate). Statistical software
SPSS 13.0 version was used.

RESULTS
Pathological results
The tumor histological types of 143 patients are summarized
in Table 3.
Follow-up
Ninety-five malignant patients were followed up, including
79 complete resection cases and 16 incomplete resection
cases. The cut-off time was 5 years. Four patients were
lost to follow-up. By the method of Kaplan-Meier survival
analysis for statistical significance, the means and medians
for survival time in the complete resection group was 49
mo, and that in the incomplete resection group was 19 mo.
The 1-year, 3-year and 5-year survival rates was 94.9%,
76.6% and 34.3% in the complete resection group and
80.4%, 6.7%, and 0% in the incomplete resection group
(Figure 1, P < 0.001). Local recurrence occurred in 28
malignant patients. Among them, 26 were subjected to reoperation or multiple surgical resection. COX regression
analysis showed that completeness of tumor resection, sex
and histological types were associated closely with local
recurrence. Liposarcoma, leiomyosarcoma and malignant
hemangioendothelioma were the 3 main histological types
that tended to recur (Table 4).
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Figure 1 Overall survival of malignant patients who had complete resection and
those who had incomplete resection.

DISCUSSION
Surgical strategy remains the mainstay for the treatment
of ARPT, because of the lack of effective adjuvant
therapies[3]. The source of APRT is different and usually
deep. The symptoms are not typical. It always has a long
time of growth before discovery. All of these factors
contribute to great difficulties for treatment.
Sufficient preoperative preparation is the key to
successful operations. Preoperative ultrasonography, CT,
MRI and DSA can clearly demonstrate the localization of
tumors and the close proximity of organs and adjacent
vascularities. These would be helpful in making precise
surgical plans. Meanwhile, renal function should be
examined and the preparation of intestinal canal should
be done in case of combined resection. Sufficient blood
should be prepared according to the size and localization
of the tumor, and also prepared for vessel resection and
reconstruction [4]. In our report, all patients underwent
ultrasonography, CT and/or MRI. One-hundred and
twenty-two (85.3%) underwent DSA, which can clearly
show the location, size, appearance of the tumor and
invasion tissues and organs, especially its association with
main blood vessel[4]. All these examinations mentioned
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Table 4 Factors affecting postoperative local recurrence (COX
regression analysis results)

Male
Malignant tumor
Completeness of tumor
resection
Leiomyosarcoma
Liposarcoma
Malignant
hemangioendothelioma

B
0.346
2.865
-0.493

SE
0.176
0.841
0.182

P

0.849
0.806
0.817

0.333
0.287
0.446

0.011
0.005
0.067

0.049
0.000
0.007

RR
1.413
17.549
0.611

RR95%CI
1.001-1.996
3.376-91.228
0.427-0.873

2.338 1.217-4.493
2.239 1.276-3.929
2.264 0.944-5.426

above provided more accurate information for further
surgical procedures. In our report, 29 patients (20.2%)
underwent multiple organ resections and 7 underwent
vessel reconstruction. One-hundred and twenty-two
patients (85.3%) were subjected to complete tumor
resection. Previous reports showed the most important
reason for incomplete resection was vascular invasion. In
our experience, if the inferior vena cava was obstructed or
had collateral circulation, reconstruction was not necessary
after resection, otherwise the reconstruction needed to be
performed. As a result, sufficient preoperative preparation,
positive multiple organ resections, vessel reconstruction all
contributed to a higher complete resection rate.
The retroperitoneal space is deep with sufficient blood
circulation, and the tumors are complicated. Thus, the
operative field should be completely exposed, easy to
anatomize and easy to perform hemostasis. Large surgical
incision, sufficient exposure and favorable surgical visual
field are important for successful operation, reduction of
complications and higher safety. The pseudomembrane of
the tumor should be identified before the anatomy of the
tumor. Separating along the pseudomembrane provides
less bleeding and prevents accidental injury. Operation of
the tumor should be performed gradually, which means
easier parts should be dealt with first. Surgeons should
control proximal blood flow before separating the tumor,
and they should have the techniques to handle injured
vessels and to reconstruct after vascular resection.
Complete resection of retroperitoneal tumors refers
to the complete resection of a tumor which can be seen
by the naked eye, including the pseudomembrane of the
tumor. This does not include the incisal margin or tumor
residue of the tumor bed under microscopy[5,6]. This is the
best condition for surgical therapy of a retroperitoneal
tumor. If necessary, resection of the whole mass of the
retroperitoneal tumor can be performed. This includes the
resection of the tumor and the organ tissue that can not
be separated because of tumor invasion. This can assure
complete resection of the tumor with a sufficient amount
of normal tissue.
Incomplete resection of PRT is proper for those
patients who have widespread metastasis in the abdominal
cavity or whose tumors can not be completely excised
even with great efforts because of invasion to vessels and/
or multiple organs. The purpose of this operation is to
reduce the tumor burden and relieve pressing symptoms.
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Complete resection was not available in some cases in this
group. Five cases were because of vascular invasion, 6
cases due to metastasis in the abdominal cavity and 5 cases
because of adjacent organ invasion.
It was reported that local recurrence varies from 40% to
82% and the median recurrence time ranges from 15 to 44
mo[7,8]. The recurrent rate of tumors is high for malignant
tumors. Until now, operations are still the best treatment.
Re-operations are needed when constitution is good and
resection is effective. Among the 95 cases followed up, 28
cases (29.47%) had local recurrence, 26 cases of which
underwent re-operation. In these cases, the results showed
longer survival time and improved quality of life. We
suggest that post-operative ARPT patients should have a
physical examination every 3 mo. CT and MRI should be
done as soon as abdominal mass, abdominal pain and other
symptoms are found. To those without symptoms, followup by CT scans or MRI at 6-mo intervals can be valuable
for early diagnosis to improve survival.
Postoperative follow-up ranged from 1 mo to 5
years. The 1-year, 3-year and 5-year survival rates were
obviously higher than those in incomplete resection
patients. COX multi-various regression analysis revealed
that completeness of tumor resection, sex and histologic
types were associated with local recurrence. This is similar
with other reports[9]. In summary, the steps to improve
therapeutic effectiveness include: (1) Complete resection;
(2) early finding, early diagnosis, and early surgical
intervention.
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Abstract
AIM: To examine the association of beta-catenin
with the clinicopathologic features and prognosis of
esophageal squamous cell carcinoma (ESCC).
METHODS: Beta-catenin mRNA expression level in 40
ESCC patients (28 males and 12 females, age range
38-82 years, median 60 years) was analyzed by realtime PCR. Beta-catenin mRNA expression levels in tumor
cells were categorized as weaker (level 1) or equal to
or stronger (level 2) than those in endothelial cells. We
examined the correlation between the beta-catenin
expression and the clinicopathological factors and
prognosis of ESCC patients.
RESULTS: Level 2 beta-catenin expression was found in
29 patients. ESCC with level 2 expression had a higher
rate of lymphnode metastasis (0.0776 ± 0.0369 vs
0.3413 ± 0.1803, P < 0.001) and deeper tumor invasion
(0.0751 ± 0.0356 vs 0.3667 ± 0.1928, P < 0.001), and
a poorer survival rate (P = 0.0024) than ESCC with level
1 expression.
CONCLUSION: Beta-catenin expression in ESCC is of
great importance.

INTRODUCTION
Esophageal squamous cell carcinoma (ESCC) shows a
poor prognosis because of the occurrence of systemic
metastasis, mainly via lymphatic vessels[1–6]. Detection of
ESCC at its early stage is possible by X-ray and endoscopic
examinations[7,8], but there might be occult micrometastases
at the time of surgery even in such cases [9,10]. In this
respect, an assessment of metastatic potential is important
to establish appropriate therapeutic modalities for ESCC.
Previous studies have shown the prognostic significance
of several clinicopathologic factors for ESCC, such as
tumor size, age at diagnosis, and primary site[11,12]. Among
them, depth of cancer invasion in the esophageal wall
and lymph node metastasis are the main factors for ESCC
recurrence[5,6,11], and these two factors as well as distant
metastasis have been included in the pathological tumornode-metastasis (pTNM) staging for ESCC[12]. However,
the prognosis of ESCC, even in cases of early-stage
disease (pT1), is heterogeneous, and a strategy to establish
appropriate therapeutic modalities for each patient has yet
to be formulated.
Several biological indices for predicting the prognosis
of ESCC, a number of indices, such as aberrant expression
or mutation of the tumor suppressor p53, adhesion
molecule Ecadherin, and cell-cycle-related molecules such
as p27, have been proposed[3,13,11]. However, the utility of
these factors for predicting the prognosis of ESCC is
controversial[15].
Recently, beta catenin and elements of the Wnt
signaling pathway have been found to play an important
role in the pathogenesis of human cancers including
ESCC. In the present study, we analyzed beta-catenin
mRNA expression level in 40 patients with ESCC and
evaluated its correlation with the clinicopathologic features
and survival of these patients.

© 2007 The WJG Press. All rights reserved.

MATERIALS AND METHODS

Key words: Beta-catenin; mRNA expression level;
Esophageal carcinoma; Prognosis

Patients
In the present study, 40 patients underwent surgery for
ESCC at the Nanjing First Hospital Affiliated to Nanjing
Medical University from July 1999 to February 2000
were selected. There were 28 males and 12 females (age
range 38-82 years, median 60 years). An endoscopic
examination of esophageal lesions was performed, and
a histologic diagnosis of ESCC was made based on
biopsy specimens obtained before surgery. Preoperative
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Table 1 Primer sequences for real time PCR

dF/dT

Gene name

Prime

Temp (℃) bp

Beta-actin

F 5' CCTGTACGCCAACACAGTGC 3'
R 5' ATACTCCTGCTTGCTGATCC 3'
F 5' AAAATGGCAGTGCGTTTAG 3'
R 5' TTTGAAGGCAGTCTGTCGTA 3'

60

211

60

144

Beta-catenin

  

diagnostic examinations, including esophagography,
computed tomography, and ultrasound, were performed
for clinical staging. All patients underwent curative
surgery for ESCC. The types of surgery used were
subtotal esophagectomy with lymphnode resection in 32
patients, partial esophagectomy in 8 patients. The resected
esophagus was examined macroscopically to determine
the location and size of the tumor. Tumors were located
in the cervical esophagus in 2, the upper third of the
thorax in 8, the middle third of the thoraxin in 22, the
lower third of the thorax in 8 patients, respectively. The
size of the main tumor ranged from 10 to 90 mm (median,
44 mm). Samples obtained from the esophageal lesions
were fixed in 10% formalin and processed routinely for
paraffin embedding. The number of specimens prepared
for histologic examination per case ranged from 6 to
46. Four-μm thick histologic sections were stained
with hematoxylin and eosin using immunoperoxidase
procedures (the avidin-biotin complex method). Tumor
stages were defined based on the pTNM classification[12].
After surgery, all patients underwent laboratory test such
as routine peripheral blood cell counts and measurement
of serum squamous cell carcinoma antigen levels every 1-6
mo, and chest roentgenography, ultrasonography of the
liver, computerized tomographic scan of the thorax and
abdomen, and endoscopic examination of the remaining
esophagus at 6-12 mo intervals. The follow-up time for
survivors ranged from 8 to 62 mo (median 40.0 mo).
RNA extraction and real time-PCR analysis
Real time-PCR was performed on paraffin-embedded
sections from 40 ESCC patients. Briefly, total RNA was
extracted by Recover AllTM. Total nucleic acid was isolated
(Ambion), 10 μg of DNase I-treated total RNA was used
for reverse transcription with Superscript III(Invitrogen,
Carlsbad, CA). An aliquot representing 100 ng of input
RNA was amplified by quantitative real-time PCR using
the TaqMan PCR reagent kit and assay-on-demand gene
expression products (FAM/Sybr, Foster City, CA). RNA
extracted from a noncancerous lesion in one patient was
used as a standard. After reverse transcription, standard
cDNA was serially diluted to obtain five standard solutions
for use in PCR to generate the reference curve. The
primary design was shown in Table 1.The relative amount
of cDNA in each sample is measured by interpolation
using the standard curve (Figure 1), and then the relative
ratio of beta-catenin to beta-actin expression was
calculated for each ESCC sample.
Statistical analysis
Statistical analyses were performed with SPSS 11.5 software
for windows. Correlation between the expression levels

3
2.5
2
1.5
1
0.5
0 Threshold
75

80

B

85

90

95

℃

Norm.Fluoro.
8
6
4
2
0

Threshold
0

5

10

15

20

25

30

35

40 Cycle

Figure 1 Solution curve of beta-catenin gone PCR products (A and standard
curve of beta-catenin gone PCR products (B).

of beta-catenin determined by reverse transcription-PCR
was evaluated by one-way ANOVA test. Chi-square test
and Fisher's exact probability test were used to analyze
the correlation between beta-catenin expression and the
clinicopathologic features of ESCC. The Kaplan-Meier
method was used to calculate survival rates, and differences in
survival curves were evaluated with the log-rank test. P < 0.05
was considered statistically significant.

RESULTS
Histologic findings
Histologically, 10 were well-differentiated, 16 moderatelydifferentiated, and 14 poorly-differentiated squamous cell
carcinomas. Tumor cells invaded the mucosa or submucosa
(pT1) in 6, muscularis propria or subadventitia (pT2) in
22, adventitia (pT3) in 10, and adjacent organs (pT4) in 2
patients, respectively.
Patient outcome
The 5-year survival rate was 37.3%. Seventeen patients
showed tumor recurrence, which was found in local sites
of 8, in lymph nodes of 5, in liver of 2, and in other
organs of 2 patients, respectively. Fifteen patients died.
Beta-catenin expression in ESCC
We used the beta-catenin mRNA expression level in
endothelial cells as the standard to divide all samples
into two groups. Beta-catenin mRNA expression level in
tumor cells was categorized as weaker (level 1) or equal
to or stronger (level 2) than that in endothelial cells. The
relative ratios of beta-catenin to beta-actin expression
in cases with level 1 and 2 expression were 0.6 ± 0.2
and 1.9 ± 1.4 (P < 0.05). The correlation between betacatenin expression and clinical factors is shown in Figure
2. Compared with patients with ESCC level 1, higher rates
of lymph node metastasis were found in 10 of 19 patients
(54.4%) and 13 of 17 patients (75.0%), and deep invasion
(pT3 and pT4) in 8 of 19 patients (38.5%) and 10 of 17
patients (61.5%) with ESCC level 2. Patients with level 2
www.wjgnet.com
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0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

Y

N
Catenin

Figure 2 A: ESCC patients at stages III- IV(A) showing higher mRNA expression
level of beta-catenin than ESCC patients at stages I-II(B). Y: observed lymph
node metastasis, N: no lymph node metastasis. ESCC patients with lymph node
metastasis had higher mRNA expression level of beta-catenin than ESCC patients
with no lymph node metastasis.

ESCC showed higher frequencies of local recurrence and
distant metastasis than those with level 1 ESCC (P < 0.01).
Patients with level 1 ESCC had better 5-year survival rates
than those with level 2 ESCC (P < 0.001).
Prognostic significance of beta-catenin expression in
pTNM classification
The prognostic significance of beta-catenin expression was
further analyzed according to the pTNM classification[12].
A significant difference was found in survival between
patients with level 1 and 2 expressions at the early stage of
the disease (pT1, P < 0.01). Lymph node metastasis was
found in 4 (20.0%) of 20 level 1 patients and in 8 (72.2%)
of 11 level 2 patients (P < 0.01). At the advanced stage
(pT2-pT4), we observed a significant difference in survival
between patients with level 1 and 2 expressions (P < 0.05).
The survival curve is shown in Figure 3.

DISCUSSION
The conventional TNM staging system for ESCC provides
useful information for the prediction of tumor recurrence
and patient survival[5,6,11]. Recent advances in therapeutic
modalities for ESCC, however, have led to new problems
to be solved. For example, recently introduced reduction
surgeries, such as endoscopic mucosal resection and
transhiatal esophagectomy, enable tumor excision without
www.wjgnet.com

a severe influence on the patient's general condition[14].
However, lymph node metastasis, observed at relatively
high frequencies even in early ESCC, becomes a risk
factor when these techniques are used. In contrast, the
introduction of adjuvant chemoradiotherapy has improved
the prognosis of patients with ESCC, particularly
those with high potential for lymph node metastasis[16].
Under these circumstances, preoperative assessment
of lymph node metastasis and metastatic potential of
ESCC is essential for therapeutic decision-making. The
characteristics of patients, such as gender, age, primary
site, and 5-year survival rate, in the present series are
similar to those in previous reports from China and other
Asian countries where ESCC is common[1,10,15,20]. ESCC
in Western countries, where it is relatively uncommon,
shares the above-mentioned characteristics except that
tumors are rather frequent in the lower esophagus [5,6].
Beta-catenin is involved in the ubiquitin/proteasomedependent protein degradation pathway, which plays an
essential role in controlling the levels of various cellular
proteins and therefore regulates basic cellular processes
such as cell cycle progression, signal transduction, and cell
transformation[17].
We examined beta-catenin expression at the mRNA level
by reverse transcription-PCR. Among the clinicopathologic
factors examined, we observed a significant correlation
between beta-catenin expression and depth of invasion
and lymph node metastasis, indicating that beta-catenin
expression is closely related to the growth and invasiveness
of ESCC. The uni- and multivariate analyses indicate
that the beta-catenin expression level is an independent
prognostic factor for ESCC recurrence and patient
survival. The 5-year survival rates of patients with betacatenin level 1 and 2 expressions were 86.3% and 31.2%
at stage pT1 and 43.2% and 22.4% at stages pT2 to pT4,
respectively. The combination of pTNM classification and
beta-catenin expression level in tumor cells is useful for
predicting the prognosis of patients with ESCC. Grouping
the cases with ESCC based on the present system could

Ji L et al . Beta-catenin associated with prognosis of esophageal carcinoma

be a good guide for choosing the modalities of adjuvant
therapy. In early ESCC patients with beta-catenin level 1
expression, a favorable outcome could be expected. Since
lymph node metastasis was observed in only 20% of
these patients, reduction surgeries might be considered,
particularly for those in a poor general condition or with
small tumors. In contrast, patients with level 2 ESCC and
advanced stage disease might have a dismal prognosis, and
the introduction of intensive adjuvant therapies for these
patients might be justified.
In conclusion, beta-catenin mRNA expression level is
a new prognostic marker for ESCC. The stratification of
ESCC patients based on the disease stage and beta-catenin
expression level is valuable for predicting tumor recurrence
and prognosis. This system might provide a novel way to
explore effective treatment modalities for ESCC.
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Abstract
AIM: To explore the relationship between clinicobiological
behavior and the expression levels of telomerase activity,
apoptosis, p 53 gene and bcl -2 gene in gastrointestinal
stromal tumors (GISTs).
METHODS: The intensity of telomerase activity,
apoptosis, p 53 and bcl -2 expression in GISTs were
detected by telomeric repeat amplification protocol, in
situ end-labeling technique, and immunohistochemistry,
respectively.
RESULTS: The positive rates of telomerase activity of
malignant GIST, potential malignant GIST and benign
GIST were 85% (17/20), 22.8% (2/9) and 0 (0/9),
respectively. The apoptosis indices of malignant GIST,
potential malignant GIST, and benign GIST were 11.7
± 5.4, 30.2 ± 5.6 and 45.2 ± 7.2, respectively. The
intensity of telomerase activity and apoptosis were
related to the biological characteristics of GISTs (85% vs
22.8%, 0, 0; P < 0.01 or 11.7 ± 5.4 vs 30.2 ± 5.6, 45.2
± 7.2, 72.1 ± 9.3; P < 0.05). The intensity of telomerase
activity was negatively correlated with cellular apoptosis
(22.9 ± 8.4 vs 9.5 ± 5.7, P < 0.01). The intensity of
telomerase activity was positively correlated with p 53,
bcl -2 expression (40.0% vs 78.9%, 40.0% vs 84.2%;
P < 0.05).
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INTRODUCTION
Gastrointestinal stromal tumor (GIST) was first outlined
by Mazur et al[1] in 1983. It was considered to originate
from gastrointestinal submucous (SM) and muscular
propria (MP) lamina, which is constructed by spindle cell
and epithelial cell. GIST is classified into four phenotypes
according to differentiation and immunohistochemistry,
namely muscular type, neural type, mixed type and
indeterminate type. The diagnosis of GIST is determined
by pathological examination and the detection of certain
immunohistochemical factors with special characteristics,
such as CD117 or C-kit and CD34. Investigations on
GIST have increased greatly these years [1-7]. This study
aimed to explore the relationship between clinicobiological
behavior and the expression levels of telomerase activity,
apoptosis, p53 gene and bcl-2 gene in GISTs.

MATERIALS AND METHODS

Key words: Gastrointestinal stromal tumors; Telomerase;

Subjects
A total of 38 GIST patients (23 men and 15 women,
with mean age of 52.6 years), who underwent surgical
resection from 1996 to 2006 in the 2nd Affiliated Hospital
of China Medical University, were enrolled in this study.
The locations of the tumors were in the stomach (n = 17,
44.7%), small intestine (n = 11, 28.9%), colon and rectum
(n = 10, 26.4%). The immunohistochemical factors CD117
and CD34 were detected in the specimens. According
to the classification of Ji et al[8], the 38 GIST specimens
were classified into benign GIST (n = 9, 23.7%), potential
malignant GIST (n = 9, 23.7%), and malignant GIST
(n = 20, 52.6%). Another 10 specimens of normal smooth
muscle tissue (NSMT) were selected as control group,
5 of which were from the stomach and the others were
from the intestine. Each specimen was divided in two
parts, one of which was stored at -80℃, and the others
were embedded in paraffin blocks and cut into 5-μm thick
sections.

Wang Q, Kou YW. Study of the expressions of p 53 and
bcl -2 genes, the telomerase activity and apoptosis in GIST

Telomerase activity detection
According to manual, 30-50 mg tissue was sheared into
small particles. After schizolysis and centrifugation,

CONCLUSION: The detection of telomerase activity,
apoptosis and its control genes in GIST will be helpful for
the discrimination of the malignant and benign GIST and
evaluation of the prognosis.
© 2007 The WJG Press. All rights reserved.
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Table 1 The expression level of telomerase and AI in tissue
NSMT and GIST
Patients
NSMT
Benign GIST
Potential malignant GIST
Malignant GIST

n
10
9
9
20

Negative telomerase
n (%)
2 (22.8)
17 (85.0)

Table 2 Relationship between telomerase activity, AI,
expression level of p 53 and bcl -2 in GIST tissues (n = 9)

AI (mean ± SD)
72.1 ± 9.3
45.2 ± 7.2
30.2 ± 5.6
11.7 ± 5.4

the supernatant was kept as templates in the following
PCR amplification. Twenty-five microliters of TRAP
mixture, 0.5 μ L of reverse primer (primer sequence:
5'-AATCCGTCGAGCAGAGTT-3'), 0.2 μ L of Taq
polymerase and 1 μ L of supernatant were mixed and
kept at 30℃ for 30 min as the PCA reaction system.
Amplification was carried out with a Perkin-Elmer DNA
Thermal Cycler 480. The conditions for amplification
were 94℃ for 4 min, followed by 30 amplification cycles
at 94℃ for 30 s, 35℃ for 30 s, and 72℃ for 30 s. The 30
cycles were followed by a single extension cycle at 72℃ for
10 min. PCR products were electrophoresed on 120 mg/L
polyacrylamide gel stained by silver nitrate. "scaliform"
zone appeared in the telomerase positive result.
Cell apoptosis detection
Tumor tissue sections were stained with ter minal
deoxynucleotidyl transferase (TdT)-mediated dUTP nick
end labeling (TUNEL) to identify apoptotic cells. Briefly,
the slide was firstly processed with 0.1 g/L polylysine, the
sections were deparaffinized and rehydrated before treating
with proteinase K (20 mg/L in 10 mmol/L Tris, pH 8.0)
at 37℃ for 15 min and washed with 1 × TBS (20 mmol/L
Tris, pH 7.6, 140 mmol/L NaCl). After inactivation of
endogenous peroxidase, sections were rinsed in TdT
buffer (30 mmol/L Tris, 140 mmol/L sodium cacodylate,
1 mmol/L cobalt chloride, pH 7.2) and incubated with
TdT at a 1:50 dilution and biotinylated dUTP at a 1:50
dilution in TdT buffer for 60 min at room temperature.
The visualization for reaction products was performed
with DAB for 10 min at room temperature, counterstained
with hematoxylin. Specific positive tissue sections were
used for negative controls by replacing the TdT with PBS
in the reaction mixture. The positive staining was defined
as light yellow to brown stain in the cytoplasm or nuclei.
We selected 10 visual fields in each slide, and counted 1000
cells in every visual field. The apoptotic index (AI) = (total
number of positive cells/1000) × 100%.
Detection of p53 gene and Bcl-2 gene
Immunohistochemical staining of p53, bcl-2 was performed
with a standard avidin-biotin-peroxidase complex
detection kit according to the manufacturer's instructions.
p53 was located in the nuclei, while bcl-2 was located in the
cytoplasm as light yellow to brown color. The expression
was considered positive if the number of stained cells >
20% of the total cells in a slide.
Statistical analysis
Data were analyzed using the χ2 test and Student's t test,
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Telomerase group

AI (mean ± SD)

p 53 (-) rate

bcl -2 (-) rate

Negative
Positive

9.5 ± 5.7b
22.9 ± 8.4

78.9%a
40.0%

84.2%a
40.0%

a

P < 0.05, bP < 0.01 vs Negative group.

when appropriate. P < 0.05 was considered statistically
significant.

RESULTS
The expression level of telomerase in the specimens from
malignant GIST patients were significantly higher than
those from potential malignant GIST patients, benign
GIST patients and normal smooth muscle tissue (NSMT)
(P < 0.01). AI was found to be gradually decreased in the
specimens from NSMT, benign GIST, potential malignant
GIST and malignant GIST patients (P < 0.05) (Table 1).
The AI in the telomerase-positive group was significantly
lower than that in the telomerase-negative group (P < 0.01).
The expression levels of p53 and bcl-2 in the telomerasepositive g roup were both higher than those in the
telomerase-negative group (P < 0.05) (Table 2).

DISCUSSION
Telomerase is a unique rib nucleoprotein that can
synthesize telomeric DNA onto chromosomal ends as a
template to compensate for the loss of telomeric repeats
caused by the so-called "end-replication" problem[9-13]. A
recent study demonstrated that most of malignant tumors
showed telomerase activity [14-18], while normal somatic
tissues and benign tumors were deprived of this property,
except some germinal cells, hematopoietic stem cells and
greminative layer cells [19-23]. The characteristics of the
telomerase described above make it to be a significant
index in cancer diagnosis and treatment than any other
tumor markers used before. Few studies were carried on
the relationship between the telomerase and GIST. In our
study, 17 of 20 (85%) malignant GIST specimens were
found to be telomerase-positive, which is in agreement
with Shay et al[15]. It was suggested that telomerase would
be an ideal marker for the diagnosis of malignant GIST.
There were three malignant GIST specimens found to
be telomerase-negative. It could not be excluded that
the negative results were caused by the "telomerase para
pathway" mechanism or the insufficient retraction of
telomere which could not activate the expression of
telomerase[16,17]. Two of nine potential malignant GIST
specimens were also detected telomerase-positive. After
necessary repeated trials, the consistent positive results
excluded the possibility of false-positive result. These
two patients should be followed for further malignant
canceration. The results of our study showed that the
detection of telomerase activity might be an artifice to
discriminate the malignant and benign GIST.
Apoptosis, also called as programmed cell death, is
www.wjgnet.com
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characterized by the generation of fragmented nuclei with
highly condensed chromatin, protrusion of cytoplasm,
and formation of apoptotic bodies. It is a process of
cell-killing mechanism to keep homeostasis through the
control of gene in physiological or pathological condition.
Apoptosis plays an important role in keeping the normal
conformation and function of tissues and organs. If
certain gene mutations cause the apoptosis regulator
decreasing, the cell mutated will survive and hyperplasia
resulting in tumor for mation will happen. Some
researchers[24-30] have determined that apoptosis is tightly
related to the development of tumors. Our study showed
that there was significant negative correlation between
apoptosis and the degree of GIST differentiation.
The telomere decurtates along with the mitosis. But
when the telomere decurtates to some extent, apoptosis
will occur due to the loss of the ability of mitosis. On the
other hand, the telomerase in the cell might be activated,
which would make the function of telomere recovered[31].
In our study, a remarkably negative correlation was
observed between the telomerase activity of GIST and
apoptosis. Moreover, a positive correlation was found
between the telomerase activity and the expression level of
p53 and bcl-2 genes. Our conclusion is consistent to some
previous reports[17,21], while opposite to others[22,23].
In summary, the detection of telomerase activity,
apoptosis and its control genes in GIST will be helpful
for the discrimination of the malignant and benign GIST
and evaluation of the prognosis. It would be a potential
method for screening of a suitable therapeutic regimen
specific to GIST to make telomerase or apoptosis as a
curative target. More work should be done for further
research on it.
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Abstract
Gastrointestinal stromal tumor (GIST) represents
the most common mesenchymal malignancy of the
gastrointestinal (GI) tract. In neurofibromatosis (NF),
the increased incidence of tumor needs to be considered
even in non-symptomatic individuals. Patients with
neurofibromatosis NF type 1 have an increased risk of
developing GI tumors including rare types such as GIST.
We report a case of GIST in a 53-year-old male patient
with neurofibromatosis. The patient was diagnosed with
NF four years ago and his medical history revealed that
he was hospitalized 5 times with a provisional diagnosis
of massive lower gastrointestinal bleeding. GIST was
diagnosed at explorative laparotomy and the tumor was
21 cm × 13 cm × 7 cm in size. Immunohistochemical
examination showed that vimentin, actin and CD117
were positive. Computerized tomography showed
peritoneal implants three months later. Imatinib mesylate
(600 mg/d) was initiated. However, control computerized
tomography revealed liver and omental metastasis. The
dosage was elevated to 800 mg/d. Despite high dosage,
the progression of the metastatic lesions continued in
the liver and omentum. The patient started oral sunitinib
®
malate (Sutent Pfizer Inc, New York, NY, USA) 50 mg
per day for 4 consecutive weeks, followed by 2 wk off
per treatment cycle. The metastatic lesions in the liver
and omentum were decreased in size after four courses,
suggesting that sunitinib is also an effective treatment
modality for metastatic GIST in NF patients.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Gastrointestinal stromal tumor (GIST) represents
the most common mesenchymal malignancy of the
gastrointestinal (GI) tract. Before 2000 this neoplasm
accounted for approximately 1%-3% of all malignant
GI tumors. A population-based study showed that GIST
occurs approximately in 15 of one million individuals[1].
Neurofibromatosis (NF) is divided into two groups: NF
Type I (Von Recklinghausen's disease) and NF type 2.
Neurofibromatosis type 1 (NF1) is among the most
common neurogenetic disorders, affecting approximately
one in 3000 individuals worldwide. The most common
features of NF1 are abnormal pigmentation manifested
as café-au-lait macules, freckle on skinfold, and iris
hamartomas (Lisch nodules). Patients with NF2 have
a predisposition for the development of meningiomas,
bilateral acoustic neuromas, and spinal nerve root tumors.
Neurofibromas may also undergo secondary malignant
degeneration and become sarcomatous. GIST and
neurofibromatosis have been reported together in a few
cases[2-4]. Here we report a case of GIST in a patient with
neurofibromatosis who responded well to sunitinib after
imatinib failure.

CASE REPORT
A 53-year-old male patient was admitted to our hospital
with complaints of weakness and vertigo. His physical
examination findings were normal except for pigmented
lesions on his face and body (café-au-lait spots), and
neurofibromas (Figure 1A and B). He was diagnosed
with NF four years ago. His medical history revealed that
the patient was hospitalized 5 times with a provisional
diagnosis of massive lower gastrointestinal bleeding.
Abdominal computerized tomography (CT) showed a welldefined heterogeneous mass consisting of an external solid
area (50 mm × 40 mm) and internal cystic component
www.wjgnet.com

2630

ISSN 1007-9327

A

CN 14-1219/R

World J Gastroenterol

May 14, 2007

B
m

Volume 13

Number 18

Figure 3 T2-weighted
MRI shows heterogeneous
hyperintense cystic and
solid mass adjacent to the
anterior abdominal wall.

Figure 1 Photos of patients's tumour. Pigmented lesions (café–au-lait spots) and
neurofibromas on the anterior abdominal wall (A) and on the back region (B).

A

L

Figure 4 Immunohistochemical CD117 reactivity
in tumor cells (DAB, ×
400).

L
←

←

m

B
m

Figure 2 A: Axial sequential contrast-enhanced CT of the abdomen showing a
well-defined heterogeneous mass consisting of an external solid area and internal
cystic componenet adjacent to the anterior abdominal wall; B: the solid portions of
the tumor were intensely stained on contrast imaging (arrows).

adjacent to the anterior abdominal wall (Figure 2A and B).
Solid portions of the tumor were intensely stained on
contrast imaging. Magnetic resonance imaging (MRI)
revealed low and markedly high intensity areas in the tumor
on T1-weighted and T2-weighted sequences, respectively
(Figure 3).
Laboratory examination findings were as follows:
hemoglobin 8.2 g/dL, hematocrit 28.2%, platelets 763 000/
mm3, WBC 13 900/mm3, erythrocyte sedimentation rate
70 mm/h, creatinine 1.02 mg/dL, sodium 142 mEq/L,
potassium 4.06 mmol/L, calcium 8.7 mg/dL, AST 18 U/L,
ALT 33 U/L, total bilirubin 0.3 mg/dL, LDH 95 U/L,
ALP 235 U/L, GGT 54 U/L, CRP 39.1, CA-19-9 < 0.6
U/mL (normal range: 0-23), CEA 1.49 ng/mL (normal
range: 0-4.6), AFP 4.9 IU/mL (normal range: 0-8.5). Fecal
occult blood test was negative.
Oesephagogastroduodenoscopy showed alkaline
reflux gastritis and colonoscopy findings were normal.
Abdominal ultrasonogram showed a mass with wall
thickness of 9 cm, mimicking small intestine at the lower
left quadrant. An explorative laparotomy was performed.
The intra-abdominal mass was resected with the small
intestine and sigmoid colon segments. Pathological gross
examination showed that the tumor size was 21 cm × 13
cm × 7 cm with negative margins. Its external surface was
nodular and cross-section was bloody, necrotic and dirty.
Immunohistochemical examination showed that vimentin
and actin were positive and S100, desmin, EMA, CD34,
chromogranin were negative. At a later examination CD 117
was determined to be positive. The patient was diagnosed
as gastrointestinal stromal tumor (Figures 4 and 5). Control
computerized tomography showed peritoneal implants
three months later. Imatinib mesylate (600 mg/d) was
administered for 1.5 years. Later on, the dose was increased
to 800 mg/d as metastasis of the liver and omentum was
www.wjgnet.com

Figure 5 Spindle tumor
cells with two mitoses
marked with arrow (HE, ×
400).

discovered. However, the progression of the metastatic
lesions continued despite high dosage. The longest
diameter of the lesions was 6 cm in the liver and 4 cm in
the omentum. The patient started oral sunitinib, 50 mg
per day for 4 consecutive weeks followed by 2 wk off
per treatment cycle. After two courses of treatment, the
metastasis in the liver was decreased from 6 cm to 5 cm
and in the omentum from 4 cm to 3 cm. He was continued
on sunitinib treatment. After four courses, the lesions were
4 cm and 2 cm, respectively. However, the number of the
lesions both in the liver and omentum was not decreased
while the sizes of the lesions were decreased. The patient's
performance was well and the disease was accepted to be
stabilized with partial response. He was still using sunitinib
at the time when he was reported.

DISCUSSION
GIST represents the most common mesenchymal
malignancy of the gastrointestinal tract. GIST occurs
predominantly in adults at a median age of 58 years but can
occur at any time throughout life. The majority of GIST
cases (60% to 70%) arise from stomach. These tumors
bear certain histopathological similarities to a specific cell
type inherent in the GI tract, known as interstitial cells
of Cajal (ICC)[5]. ICCs are the unique 'pacemaker cells'
that are normally present in the myenteric plexus. CD117
antigen can be detected by immunohistochemical staining
as a marker. Expert pathologists can define a rare subset

Kalender ME et al . Effect of sunitinib on metastatic GIST

(fewer than 5%) of GIST cases that fail to express CD117,
and these cases are most likely to be driven by alternative
kinases such as PDGFRA[6].
Neurofibroma is a benign peripheral nerve tumor
composed of proliferating Schwann cells and fibroblasts. It
presents as multiple, palpable, rubbery, cutaneous tumors.
Patients with NF1 are at increased risk of developing
nervous system neoplasms. Mutation of NF1 gene on
chromosome 17 causes Von Recklinghausen's disease. The
NF1 gene is a tumor-supressor gene encoding a protein,
neurofibromin, which modulates signal transduction
through the ras GTPase pathway. However, individuals
with NF1 are also prone to development of a wide
variety of nervous system abnormalities[7]. NF2 is caused
by mutation of the NF2 gene on chromosome 22q and
much less frequent than NF1. NF2 encodes a protein
called merlin. Patients with NF2 have a predisposition to
developing meningiomas, bilateral acoustic neuromas and
spinal nerve root tumors[8].
The most common tumor in individuals with NF1 is
the benign peripheral nerve sheath tumor (neurofibroma),
which is typically first noted around puberty. Although
these tumors are benign, a subtype of benign neurofibroma
(plexiform neurofibroma) can undergo transformation
into a malignant peripheral nerve sheath tumor (MPNST).
The latter is a highly aggressive cancer, which is associated
with poor survival and a dismal response to conventional
cancer therapies[7].
The entities of NF1- associated gastrointestinal lesions
include: hyperplastic lesion of intestinal neural tissue and its
supporting structures, GIST, endocrine cell tumor of the
duodenum and periampullary region, and a miscellaneous
group of other tumors[9]. GIST has been reported in relation
with NF1, and most of the patients with NF1-associated
GIST have multiple GISTs[10,11]. Miettinen et al[12] analyzed
the clinicopathologic and molecular genetic features of 45
cases of NF and GIST, showing that the great majority of
tumors occur in the jejunum or ileum with multiple tumors,
the most common clinical presentations are gastrointestinal
bleeding and anemia, the majority of the tumors are small
and mitotically inactive.
GIST is a rare neoplasm accounting for about 1%-3%
of all malignant neoplasms of the gastrointestinal tract.
GIST has been classified as a myogenic, neurogenic, or
non-differentiated tumor[13]. The malignancy is commonly
determined by the tumor size and the mitotic ratio.
Tumor larger than 5 cm in diameter or having a mitotic
count greater than 5 per high-power field is classified as
malignant[14]. In our case the tumor size was 21 cm × 13 cm
and diagnosed as malignant GIST.
NF1-associated GIST has been observed in older adults
(the mean age of one series being 56.2 years, and nearly all
of them were multiple in the small intestine), while GIST in
non-NF1 patients is most commonly found in the stomach
(60%-70%), followed by the small intestine (20%-30%),
colorectum and oesophagus (cumulative, 10%)[15]. GIST that
occurs in patients with NF commonly originates from the
proximal small intestine and is often multiple[16]. In our case
the GIST was located in the small intestine and colon.
Imatinib mesylate, an inhibitor of kinase activity of
KIT and PDGFR, has improved the clinical outcomes
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of metastatic GIST patients. Demetri et al[17] showed that
5% of patients with advanced GIST demonstrate primary
resistance to imatinib mesylate and 14% develop early
resistance. Sunitinib malate (Sutent ®, Pfizer Inc, New
York, NY, USA) is a tyrosine kinase inhibitor of oral
multi-targeted receptors and has anti-angiogenic and antitumor activities. Sunitinib and imatinib bind to the ATPbinding domain of both KIT and PDGFR, but they are
members of different chemical classes and have different
binding characteristics and affinities. A phase I/II study
showed that sunitinib has clinical activity in patients with
imatinib-resistant GIST[18]. Another study randomized 312
GIST patients with imatinib mesylate resistance to receive
sunitinib (n = 207) and placebo (n = 105) and showed that
the time to progression (median 27.3 wk), progressionfree survival (median 24.1 wk), disease control and tumour
response are superior with sunitinib compared with placebo,
and the most common treatment-related adverse events
with sunitinib are fatigue, diarrhoea, skin discolouration,
and nausea[19].
Patients with neurofibromatosis type 1 have an increased
risk of developing gastrointestinal tumors, including rare
types of GIST. GIST can occur at any localization in the GI
system. When located in the small intestine, conventional
endoscopy may be rather difficult and further diagnostic
means such as ultrasound, computerized tomography
or possibly capsule endoscopy should be considered. In
neurofibromatosis, the increased incidence of tumor needs
to be considered even in non-symptomatic individuals.
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Abstract
Fasciola hepatica, a leaf shaped trematode that is
common in cattle, sheep and goats, is acquired by
eating raw water plants like watercress or drinking
water infected with the encysted form of the parasite.
The varied clinical presentations of fascioliasis still
make a high index of suspicion mandatory. Besides
having a wide spectrum of hepatobiliary symptoms like
obstructive jaundice, cholangitis and liver cirrhosis, the
parasitic infection also has extrabiliary manifestations.
Until recently, extrahepatic fascioliasis has been reported
in the subcutaneous tissue, brain, lungs, epididymis,
inguinal lymph nodes, stomach and the cecum. In this
report, a strange manifestation of the fasciola infection
in a site other than the liver, a colonic fascioliasis, is
presented.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Human fascioliasis is a rare encountered parasitic infection
that has been reported endemic in some parts of the Far
and Middle East, including Turkey[1]. Extrahepatobiliary
localization of the parasite is very uncommon. Until
recently, extrahepatic fascioliasis has been reported in
the subcutaneous tissue[2], brain[3], lungs[4], epididymis[2],
inguinal lymph nodes [5] and in gastrointestinal system
organs like the stomach [6] and the cecum [7]. Herein, we
present a strange manifestation of the fasciola infection

in a site other than the liver. This is the second ectopic
fascioliasis case mimicking a colonic tumor in the English
medical literature.

CASE REPORT
A 55-year-old male patient was admitted to a local hospital
with a 1-year history of abdominal pain worsening after
meals. The patient had no history of any major illnesses.
Physical examination revealed no pathology and abdominal
ultrasonography (US) showed gallstones in the gallbladder.
He was treated symptomatically. Despite treatment, the
abdominal pain continued and an abdominal computerized
tomography (CT) was carried out which revealed a 4cm
× 7 cm intraluminal mass originating from the ascending
colon, adjacent to the right kidney and the liver, infiltrating
the pericolic fat (Figure 1). He was hospitalized for
further investigation. Physical examination again revealed
no pathology and laboratory findings, including liver
function tests, erythrocyte sedimentation rate, white
blood cell count and tumor markers, were unremarkable.
Eosinophil ratio was normal. Since it was reported that the
identification of the nature of the mass was not possible
radiologically, a colonoscopy was planned which could
not be carried out, unfortunately. During admission, the
patient developed mechanical bowel obstruction and
demanded immediate surgical exploration. A solid mass,
originating from the right colon, 7 cm × 5 cm in diameter
and invading the serosa was found during surgery. All
other intraabdominal organs, including the liver, were
found without particularity. Following exploration, a right
hemicolectomy - ileotransversotomy and cholecystectomy
was performed. The histopathological examination of
the colonic specimen revealed granulomas with central
necrosis and Charcot Leyden crystals, surrounded by
an inflammatory infiltrate with eosinophils secondary
to fasciola hepatica. Trapped egg was found inside the
granuloma (Figure 2). Serological examination with the
indirect hemagglutination test verified fascioliasis with
a titre of 1/640. The patient's postoperative course was
uneventful. Bithionol therapy was scheduled after surgery
and serological examination became negative, while the
follow-up abdominal tomography revealed no abnormality,
after one year.

DISCUSSION
Fasciola hepatica, a zoonotic disease, infects a wide variety
of mammalian hosts all around the world[8]. The infectious
form of the trematode is the metacercaria which reaches
www.wjgnet.com
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Figure 1 Computerized tomography revealed a 4 cm x 7 cm intraluminal mass
originating from the ascending colon, adjacent to the right kidney and the liver,
infiltrating the pericolic fat.

Figure 2 Histological study shows a trapped egg (arrow) in the center of a
granuloma. Eosinophilia is striking around this structure (HE, × 400).

the stomach by ingestion of infected food or water. Here,
the outer shell of the metacercaria melts and the young
trematode becomes loose. The trematode penetrates the
intestinal wall to reach the periton, stays there for a few
days and climbs to the surface of the liver. It penetrates
the capsule of Glisson and enters the liver parenchyma
to reach the bile ducts. Another way to reach the liver
parenchyma is by blood or lymphatic circulation[9,10].
The usual symptoms are fever of unknown origin,
abdominal pain, biliary colic and cholangitis, which are
caused by the migration of the trematode to the biliary
tract [11] . As the parasite grows it can cause bleeding,
necrosis and inflammation following by fibrosis of the
hepatocyte[12-14]. The diagnosis is usually based upon the
detection of the eggs in the duodenal aspirate and feces.
Serological tests are the main diagnostic tests, which
become important in especially suspicious cases. The
diagnosis can be verified 95%-100% by the enzyme linked
immunoabsorbent assay (ELISA)[14]. Radiological findings
of fascioliasis are based mainly on US and CT[8,15]. There
are recent studies reporting magnetic resonance imaging
to be useful in the diagnosis of fasciola hepatica[16,17]. CT
can be useful in the diagnosis and the findings can be
pathognomonic in almost 90% of the patients[15].
A strange manifestation of fascioliasis is the disease in
sites other than the liver. The precise route of migration
toward ectopic sites is unknown, and various theories have
been formulated, including the migration through blood
vessels or through the soft tissues [9,18,19]. Until recently,
extrahepatic fascioliasis has been reported in foci like the
subcutaneous tissue, brain, lungs, epididymis, inguinal
lymph nodes, stomach and the cecum. Nevertheless, there
has been only one data concerning a report of colonic
fascioliasis[7]. All preoperative diagnostic work-up in the
current case failed to point out the fascioliasis. Emergency
surgery was performed, since a diagnosis of an obstructing
colon tumor was suspected. Postoperative work-up,
including the histopathological and serological assay,
confirmed the presence of the parasitic disease. When
reanalyzing the preoperative abdominal CT retrospectively,
it was reported that the mass could be regarded as a
possible inflammatory mass which could have led us to
the diagnosis of a non-malignant tumor. In the eye of this
knowledge, whether the management would change is a

matter of debate. Another point is that we might insist on
colonoscopy that could reveal differentiation of the mass.
Besides, maybe an effective colonoscopy could lead to the
performance of a serological test for parasitic investigation
before surgery. Whether resective surgery was too radical
in this case is another matter of debate.
Eosinophilia in fascioliasis cases is striking and almost
always present. This is usually the way most fascioliasis
cases are defined during routine screening[5]. Unfortunately,
this could not be dated in our patient. The presence
of Eosinophilia might be a clue, resulting in a carefully
diagnostic work-up to rule out the parasitosis.
Since signs and symptoms of fascioliasis may be
confused with a wide variety of disorders, including
hepatobiliary and extrahepatobiliary, diagnosis and
treatment are often problematic and delayed[7]. A long list
of differential diagnosis is essential. Especially in countries
where the disease is presumed to be endemic, a high
index of suspicion is of utmost importance. It should be
considered in cases from endemic areas with a history of
ingestion of watercress. Besides, it must be kept in mind
that drinking contaminated water is also a way of acquiring
the disease. Until recently, seroprevalance of the parasite
in Eastern Turkey was reported to be 2.78% independent
of age, educational and socioeconomic status[20]. In Turkey
214 cases of fascioliasis have been reported from 1932 to
2003. It is believed that the number of reported cases have
increased with the use of serological methods in Turkey,
which had been started after 1999[21].
To conclude, since the clinical spectrum of fascioliasis
is broad and patients may present with extrahepatic
symptomatology, a high index of suspicion is required.
Ectopic fascioliasis should be kept in mind and added to
the differential diagnosis of colorectal tumors.

www.wjgnet.com
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Abstract
A 27-year-old male started to have his ankles swollen
during his military service. He was examined at a
military hospital where electromyoneurography showed
the signs of distal sensory-motor polyneuropathy with
axon demyelinization and weak myopathic changes,
whereas histopathological examination of gastrocnemius
muscle biopsy revealed some mild and nonspecific
myopathy. Besides, he was found to have subcutaneous
ankle tissue edemas and hypertransaminasemia. Due
to these reasons, he was dismissed from the military
service and examined at another hospital where bone
osteodensitometry revealed low bone mineral density
of the spine. However, his medical problems were not
resolved and after the second discharge from hospital
he was desperately seeing doctors from time to
time. Finally, at our institution he was shown to have
celiac disease (CD) by positive serology (antitissue
transglutaminase and antiendomysial antibodies) and
small bowel mucosal histopathological examination,
which showed total small bowel villous atrophy. Three
months after the initiation of gluten-free diet, his ankle
edema disappeared, electromyoneurographic signs of
polyneuropathy improved and liver aminotransferases
normalized. Good knowledge of CD extraintestinal
signs and serologic screening are essential for early CD
recognition and therapy.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Celiac disease (CD) is a genetically determined autoimmune enteropathy induced by gluten ingestion. CD
patients can have typical symptoms (chronic diarrhea
and malabsorbtion), extraintestinal symptoms, or they
can be symptom-free. Extraintestinal clinical signs and
symptoms can be diverse. They are increasingly recognized
as common CD clinical manifestations. Neurological
manifestations are estimated to occur in 7%-10% of
the affected patients[1,2]. Peripheral neuropathy is most
commonly found among them[3].

CASE REPORT
A 27-year-old male started to have edematous and painful
ankles during his military service. His history revealed that
a week before, he had been treated with penicillin due to
his sore throat and fever. He was allergic to a bee sting.
On admission to a local military hospital, he was noted
to have gracile body and thoracical spine kyphoscoliosis.
His ankles were edematous, pale and painful to touch.
Peripheral pulses on both legs were weaker than normal.
Neurological examination showed decreased sensibility
to touch, pain and temperature on distal parts of both
calfs. Vibration sense was preserved. Deep tendon reflexes
were weaker than normal. His gait and heel-chin test were
normal while Romberg sign was negative.
Laboratory tests showed normal erythrocyte sedimentation rate, c-reactive protein and complete blood count
values. Biochemistry revealed normal creatine kinase while
alanine aminotransferase (100, normal 5-35 U/L) and
aspartate aminotransferase (118, normal 5-40 U/L) were
elevated. All other liver function tests, including serum
albumin, were normal. Antistreptolysin O antibodies titer,
Waaler-Rose test and rheumatoid factor were negative.
Urine analysis, urine proteins, and creatinine clirens were
normal. Chlamydia trachomatis and mycoplasma were
not detected by urethral swabs. Hepatitis Bs antigen,
anti-hepatitis C viral antibodies and ELISA test on
adenoviruses, cytomegalovirus, Ebstein-Barr virus and
Borrellia burgdorferi were all negative. X-rays of both
ankles were unremarkable. Ultrasound showed lymphoid
retention in both ankles' subcutaneous tissue regions (more
visible on right ankle) without signs of inflammation
in joints. Both ankles' magnetic resonance imaging
(MRI) showed diffuse edemas around the joints (more
prominent on the right) without any signs of synovitis
and tendonitis. Doppler ultrasound revealed normal blood
flow in both legs. Electromyoneurography displayed signs
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of distal sensory-motor polyneuropathy with mild axon
demyelination and myopathic potentials in most of the
examined muscles. Histopathological examination of
gastrocnemius muscle biopsy showed slight and nonspecific myopathic changes.
During hospitalization he was treated with nonsteroidal anti-inflammatory drug and vitamin B complex.
After four weeks, he was discharged from hospital
with the diagnosis of sensory-motor polyneuropathy.
Due to this condition, he was dismissed from military
service. Later on, at another hospital he was thoroughly
investigated rheumatologically. Slightly elevated alanine
aminotransferase (67) and aspartate aminotransferase (99)
were noted. Results of his ankles' ultrasound and MRI
were the same as during the previous hospitalization.
Osteodensitometry revealed low bone mineral density of
his spine (T score was -2, normal > -1). Finally, he was
discharged from hospital with the diagnosis of osteopenia
without any inflammatory rheumatological disease. He
was then referred to the clinical immunology of our
hospital. On physical examination he had mild, pale
edemas on both of his ankles. Apart from that, he also
presented some depression signs. He was serologically
tested on CD at our hospital, and both IgA antitissue
transglutaminase [ELISA: 294 relative units (RU)/mL,
normal < 20 RU/mL] and IgA antiendomysial antibodies
(indirect immunoflorescence: 5, normal 0) were positive.
To confirm CD, four endoscopic biopsies were taken from
distal duodenum. Histopathological examination showed
total villous atrophy (Marsh IIIc). The patient was put on a
gluten-free diet, and three months later his ankles' edema
completely disappeared. Control electromyoneurography
showed substantial improvement in his neurological abnormalities. Moreover, his aminotransferases became normal
and no signs of depression were found. Six months after
the initiation of gluten-free diet, IgA antitissue transglutaminase and IgA antiendomysial antibodies became
negative. He continued to visit his rheumatologist for
osteopenia.

DISCUSSION
CD can be associated with various neurological diseases such
as polyneuropathy, cerebellar ataxia, epilepsy, myelopathy
and multifocal leucoencephalopathy [4-7] . Peripheral
neuropathy is one of the most frequent neurological
disturbances in CD. It is most commonly presented by
symmetrical distal sensory deficiencies. Motor neuropathy
and distal limb weakness have also been described in CD[8].
Moreover, associa-tion with CD, peripheral neuropathy
and neuromuscular disorders has been documented[7]. The
relationship between CD and different kinds of myopathies such as dermatomyositis, polymyositis and sporadic
inclusion-body myositis, has also been reported[9-11].
The real cause of polyneuropathy as one of the extraintestinal CD signs is not known. Some authors suppose
that certain vitamin deficiency (especially in B6, B12, and
E) can play a major etiological role[12-14]. Antiganglioside
antibodies were found in 65% of adults with CD and
polyneuropathy [15] . Patophysiological mechanisms in
most of extraintestinal CD manifestations is not well
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understood. One of the reasonable explanations came
from Karponay-Szabó et al[16] who proved that intestinal
antitissue transglutaminase antibodies targeted against
tissue transglutaminase can be found in different tissues
outside small bowel mucosa. They speculated that this
phenomenon could be responsible for extraintestinal CD
manifestations. There are controversies on how peripheral
neuropathy can be influenced by gluten-free diet. Some
authors proved that CD patients benefited from gluten-free
diet by symptoms regression and resolution of pathological
electromyoneurographic findings[17,18]. However, others
reported no benefits of gluten avoidance[19,20].
Low bone marrow density and osteoporosis are well
known CD complications. Calcium malabsorption
and proinflammatory cytokines production that lead
to osteoclastic activation play a predominant pathophysiological role in bone derangement. It was estimated
that 28% of newly diagnosed adult CD patients have
osteoporosis[21]. In patients who were diagnosed as having
CD in childhood, strict GFD alone is able to completely
restore the bone marrow density. On the contrary, the
bone mineralization of those CD patients who were
diagnosed in adulthood, often does not improve on GFD.
Unexplained chronic hypertransaminasemia may be the
only manifestation of CD. It can be caused by increased
intestinal permeability to toxins and antigens due to
chronic mucosal inflammation[22]. If CD is a underlying
problem, aminotransferase levels are normalized on GFD
in a six-month period[23].
In conclusion, CD may be initially manifested by
protean manifestations outside the intestine, including
peripheral polyneuropathy and swollen ankles. Further
studies are needed to reveal the underlying mechanisms
and assess the efficacy of gluten-free diet. Good knowledge of extraintestinal manifestations and practice of
serological screening in CD can lead to not only early
detection and therapy of this disease but also avoidance of
unnecessary hospitalizations.
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Abstract
Non-alcoholic steato-hepatitis (NASH) is related to insulin
resistance and, thus, frequently occurs as part of the
metabolic changes that accompany obesity, diabetes
and hyperlipidemia. In childhood, the overwhelming
boost of obesity and its co-morbidities have lead to
the extraordinarily increased prevalence of NASH.
Establishing effective therapeutic strategies to treat the
disease represents the challenge for hepatologists and
gastroenterologists in the next decade. Therapeutic
approaches have aimed at treating associated conditions
(obesity, insulin resistance, hyperlipemia, etc ) or
reducing liver oxidative damage (vitamin E).
© 2007 The WJG Press. All rights reserved.
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TO THE EDITOR
Pediatric non-alcoholic fatty liver disease (NAFLD) is
considered as a global problem, which has been reported
in North America, Europe, Australia and Asia[1]. It is the
most common cause of liver disease in preadolescents and
adolescents. The increase in the prevalence of NAFLD
has been observed along with a dramatic rise in obesity
in children during the past three decades. Nevertheless,
it cannot be excluded that this may partially represent
increased recognition of this condition [1]. The disease
is related to insulin resistance and, thus, frequently

occurs as part of the metabolic changes that accompany
obesity, diabetes and hyperlipidemia. The term NAFLD
encompasses a spectrum of histological findings, ranging
from simple steatosis to steatosis accompanied by
inflammation and other evidence of cell injury (termed
non-alcoholic steatohepatitis, NASH).
Diagnosis of NAFLD is usually suspected in presence
of raised levels of aminotransferases and/or ultrasound
liver brightness. Diagnosis of NASH requires liver biopsy,
and the exact prevalence may be severely underestimated.
In large cohorts of preadolescents and adolescents,
the National Health and Nutrition Examination Survey
(NHANES III)[2] and the 1998 Korean National Health
and Nutrition Examination Sur vey [3] have reported
that NAFLD may be suspected in 3% of the general
pediatric population as estimated by elevated alanine
aminotransferases (ALT). In a study of 810 Japanese
children, fatty liver was diagnosed in 2.6% of subjects[4]. In
United States, prevalence of hypertransaminasemia varied
from 10% to 23% in the NHANES III study [2,5] when
obese children were considered. In particular, the latter
study was a school-based trial that recruited third graders
from public elementary school in California, Louisiana,
Minnesota and Texas, and follow-up was made through the
12th grade[5]. The prevalence rises extraordinarily to 74%
in obese Chinese children[6], and to 42%[7] and 53%[8] in
two cohorts of Italian obese children, respectively. Among
children with type 2 diabetes, the prevalence of elevated
ALT was 48%[9]. In a cohort of biopsy proven NAFLD,
NASH was diagnosed in 26% of the cases with increased
body mass index associated with worsen liver histology[10].
NASH may result in cirrhosis, even though no longitudinal study has been conducted in children. Therefore,
establishing effective therapeutic strategies to treat the
disease represents the challenge for hepatologists in the
next decade.
Hitherto, treatment strategies for NASH have revolved
around (1) identification and treatment of associated
meta-bolic conditions such as diabetes and hyperlipemia;
(2) improving insulin resistance by weight loss, exercise
or pharmacotherapy; and (3) using hepato-protective
agents such as antioxidants to protect liver from secondary
insults. Many molecules have shown promising results
in preliminary pilot trials; however, there have been few
treatment modalities examined in rigorous randomised
double-blind placebo controlled trials with adequate
statistical evidence. Furthermore, interpretation of trials
using biochemical markers of liver injury (i.e. hepatic
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aminotransferases) as treatment end-points needs to be
done cautiously, particularly in the absence of a control
group. The natural history of patients with non-alcoholic
fatty liver disease and raised aminotransferases is characterized by improvement of aminotransferases regardless
of whether hepatic fibrosis improves or not[11].
Both weight loss and regular physical exercise target
to improve first insulin resistance, but it can ameliorate
secondarily associated metabolic conditions, namely diabetes,
hyperlipemia and hypertension[10]. To achieve longstanding results, the expertise of a multidisciplinary team is
required. Apart from the hepatologist, skilled dietician,
endocrinologist, cardiologist, dietician, psychologist and
radiologist enter a well-designed case management system to
ensure the best therapeutic approach for each patient[12].
Lifestyle advice is of benefit to improve levels of
aminotransferases[10,13], inflammation and steatosis in both
children (unpublished data) and adults[13]. As far as fibrosis
concerns, in a two-year double-blind controlled study,
we have observed that fibrosis does not ameliorate in
children either compliant to the nutritional program or to
the supplementation with 600 g/d vitamin E (unpublished
data). On the other hand, in adult NAFLD, fibrosis has
been proved to be reduced after weight loss only in 50%
of subjects compliant to the diet, who had higher levels
of insulin at the baseline and greater decrease of ALT
during the follow-up as compared with patients with
lower hyperinsulinemia at the enrolment and a modest
decrease of liver enzyme throughout the study period[13].
Effects of drugs reducing blood lipids (i.e. fenofibrates
or orlistat) have not been exhaustively investigated
either in adults or children, despite these medications
may reduce fatty overload to the liver, lipid peroxidation
and insulin resistance with low cost and acceptable side
effects. On the contrary, attention has been paid to the
effect of antioxidant agents, specifically alpha-tocopherol,
and insulin-sensitizer ag ents, such as metfor min,
both medications being safe, easy to be managed and
inexpensive. The pilot study by Levine [14] encouraged
studies in children [15,16] and adults [17,18], but in a recent
double-blind placebo study we observed that a 1-year
supplementation with vitamin E is not better than diet and
physical exercise in amelioration biochemical parameters in
children[16]. Unfortunately, our clinical experience suggests
that the anti-oxidant molecule is not able to affect liver
histology as compared with placebo (unpublished data).
Data on metformin are promising too in the treatment
of adult NAFLD[18,19], but a pilot study alone has been
conducted in ten children for six months and no result
has been provided on histology[20]. With great expectation,
we are waiting for the results of two large controlled trial
sponsored by the National Institute of Health with the
aim to evaluate the effect of metformin vs vitamin E or
placebo on liver enzymes in 180 biopsy-proven NAFLD
children[21] or those of pioglitazone vs vitamin E or placebo
on liver histology of 240 adult NASH (PIVENS clinical
trial)[22]. The new frontier for the treatment of NASH may
be the thiazolidinediones (TZD). Pioglitazone (45 mg/d)
was administered in dieting NASH patients with impaired
glucose tolerance or overt type 2 diabetes mellitus for six
months[23]. In the TZD treated group, the drug significantly
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improved liver enzymes, steatosis, necroinflammation and
ballooning in liver histology. However, the drug seems not
to reduce liver fibrosis causes warning side effects, and is
expensive as compared to metformin.
In conclusion, any attempt to treat pharmacologically
pediatric NAFLD has failed and even though the use of
anti-oxidants (including vitamin E or ursodeoxycholic
acid) or metformin seems to be safe and not so expensive,
there is no rationale to prescribe these medications unless
conclusive results are provided to support their use. On the
contrary, as it has been widely done for pediatric obesity,
national organizations that provide health care must
enhance consciousness of the disease among pediatricians
and general health care providers in schools and families to
favour healthy life-style, low-fat diet and physical exercise.
Diet and regular physical activity remain reasonable and
effective therapeutic approaches to pediatric NAFLD also
in non-obese patients.
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Table 1 Clinical and laboratory parameters of the patients with
hypertriglyceridemia-induced acute pancreatitis
Patients
1
2
Age (yr)/gender
55/Male
46/Male
Time to diagnosis (d)1
3
2
Random plasma glucose (mg/dL)
186
335
Total leucocyte count (cells/mm3)
13 700
18 220
AST (U/L) (0-40 U/L)
41
82
ALT (U/L) (5-36 U/L)
26
87
Serum alkaline phosphatase (U/L) (< 310 U/L)
288
290
Serum amylase (< 125 U/L)
540
377
Serum lipase (< 195 U/L)
850
376
Serum calcium2 (9-11 mg/dL)
8.2
8
Serum albumin (gm/dL)
4
3.6
HbA1c
5.90%
8.20%
Serum triglycerides (mg/dL)
d1
1808
3743
d2
867
1804
d3
570
1015
d4
480
470
d5
325
350
CT severity index
5
2
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TO THE EDITOR
We read with great interest the case report, "Hypertriglyceridemia
-induced pancreatitis: A case-based review" by Gan et al[1] in
the November 2006 issue of World Journal of Gastroenterology.
We agree that in acute setting, pancreatitis due to hypertriglyceridemia (HTG) should be ruled out as it is a treatable and preventable condition. It needs to be treated
conservatively along with measures to lower the triglyceride
level. The various modalities to treat hypertriglyceridemia
are plasmapheresis, insulin and heparin, purified apo C Ⅱ,
and fibric acid derivatives[2-5]. Plasmapheresis and purified
apo C Ⅱ infusion are not easily available. There is limited
literature about the efficacy of intravenous insulin and
heparin, both of which can enhance lipoprotein lipase
activity.
We treated two patients with hypertriglyceridemiainduced pancreatitis with insulin and heparin. The details of
the two patients are given in Table 1. Both of the patients
had recurrent acute pancreatitis, one of them was a diabetic
patient. Other etiologies such as gallstones, alcohol, drugs,
hypercalcemia and trauma were ruled out.
Investigations revealed lipemic serum in both patients.
The liver function tests and calcium were normal. The
serum triglycerides were more than 1000 mg/dL in both the
patients at admission. The chest roentgenogram and fundus
examination were normal.
Both of the patients were treated with regular insulin in
5% dextrose infusion to maintain blood sugar levels between
150-200 mg/dL, and 5000 U heparin subcutaneously twice a
day to lower the triglyceride level in addition to conservative
www.wjgnet.com

1

Time to diagnosis between symptoms and presentation. 2Corrected calcium
levels.

treatment (nil per mouth, intravenous fluids, proton pump
inhibitors, analgesics, antiemetics and antibiotics) followed
by fenofibrate (160 mg OD) once the pain subsided.
Both the patients responded to the treatment, and the
pain and vomiting subsided by d 3. Serum triglyceride
decreased to less than 500 mg/dL by d 4 and normalized
within 8 d. They remained asymptomatic at 12 and 24 mo
of follow-up. The serum triglycerides level returned to
normal and no further episodes of pancreatitis occurred
after a follow-up of 12 and 24 mo with fenofibrate. The
triglyceride levels of their parents and siblings were all
normal.
In conclusion, enhancing LPL activity with insulin and
heparin may be an effective alternative treatment modality
for patients with HTG-induced acute pancreatitis. Longterm use of fenofibrate may normalize triglyceride levels
and prevent the recurrence of pancreatitis.
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INTRODUCTION
Abstract
Studies that compare tumor genotype with phenotype
have provided the basis of a new histological/molecular
classification of hepatocellular adenomas. Based on
two molecular criteria (presence of a TCF1/HNF1α
or β-catenin mutation), and an additional histological
criterion (presence or absence of an inflammatory
infiltrate), subgroups of hepatocellular adenoma
can be defined and distinguished from focal nodular
hyperplasia. Analysis of 96 hepatocellular adenomas
performed by a French collaborative network showed
that they can be divided into four broad subgroups:
the first one is defined by the presence of mutations in
TCF1 gene inactivating the hepatocyte nuclear factor
1 (HNF1α); the second by the presence of β-catenin
activating mutations; the category without mutations of
HNF1α or β-catenin is further divided into 2 subgroups
depending on the presence or absence of inflammation.
Therefore, the approach to the diagnosis of problematic
benign hepatocytic nodules may be entering a new
era directed by new molecular information. It is
hoped that immunohistological tools will improve
significantly diagnosis of liver biopsy in our ability to
distinguish hepatocellular adenoma from focal nodular
hyperplasia (FNH), and to delineate clinically meaningful
entities within each group to define the best clinical
management. The optimal care of patients with a liver
nodule will benefit from the recent knowledge coming
from molecular biology and the combined expertise of
hepatologists, pathologists, radiologists, and surgeons.
© 2007 The WJG Press. All rights reserved.

Hepatocellular adenomas (HCA) are benign liver tumors
which, in occidental countries, usually occur in young
women when they have been taking oral contraceptives
for more than two years[1]. HCA are rare tumors, and their
estimated incidence is one case per 100 000 women. The
classification and nomenclature of benign hepatocytic
nodules is largely based on a document written by the
International Working Party in 1995[2] and at present, HCA
cannot be identified conclusively by any currently available
imaging technique. Without a histopathological examination,
HCA, which represent a heterogeneous group of tumors,
can only be at best strongly suspected.
The diagnosis of HCA is made under different clinical
conditions: emergency (bleeding inside the nodule, the
liver, the peritoneum), abdominal pain to mild discomfort
(usually related to minor form of hemorrhage or necrosis),
abnormal liver function tests, liver mass or frequently by
chance (usually an ultrasound performed for a different
purpose). Ultrasound identifies one or several nodules
whose nature will be confirmed by CT scan or MRI.
Imaging techniques cannot prove the diagnosis of adenoma
but depending on the aspect of the nodule and the clinical
background make a diagnosis of probability: very likely
to cannot be excluded. The final diagnosis is made by the
pathologist on the resected specimen. It is beyond the scope
of this review to give clinical, radiological and pathological
criteria for the identification of HCA. It is important to
keep in mind that the diagnosis may be straightforward
in many cases and on the other hand extremely difficult
just because HCA can undergo changes (mainly bleeding,
necrosis), therefore leading to wrong diagnosis.
The main aim of this review is to give a brief overview
of the recent progress made in this field[3,4].
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Figure 1 HNF1α-mutated adenomas (from
different cases). A: left: single, yellowish
HCA; right: a massive form involving the
whole right lobe made of several numerous
adjacent nodules of different sizes; B:
typical aspect of a steatotic HCA (ad)
with a lobulated contour. Inset: HCA at a
higher magnification showing macro and
microvesicular steatosis (HE); C: left: part of
a large focal nodular hyperplasia (indication
of surgery), nearby small adenomas
(arrows) discovered by chance on the
surface of the liver (corresponding to a
somatic HNF1α-mutated adenomatosis). D:
several yellow microadenomas in a somatic
HNF1α-mutated adenomatosis; E: multiple
not well limited steatotic microadenomas
(asterix) nearby a larger adenoma (ad)
in a patient with a constitutional HNF1αmutated adenomatosis.
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CLASSIFICATION AND DIAGNOSIS
Recent identification of genes recurrently mutated in
hepatocellular adenomas enabled us to perform studies to
search for correlation between genotype and phenotype
of HCA[5,6]. These results provided the basis of a new
histological/molecular classification of HCA[3]. Based on
2 molecular criteria (HNF1 α mutations and β -catenin
mutations), and an additional histological criterion (the
presence/absence of inflammation), subgroups of HCA[3]
can be defined. Analysis of 96 HCA performed by our
group with a French collaborative network showed that
HCA can be divided into 4 broad subgroups: the first one
is defined by the presence of mutations in gene coding
for HNF1α; the second by the presence of mutations in
gene coding for β-catenin; the category without mutations
of HNF1α or β-catenin gene is further divided into 2
subgroups depending on the presence or absence of
inflammation.
Group 1- Hepatocellular adenomas with mutations of
HNF1α gene
HNF1 α mutations are obser ved in approximately
30%-50% of adenomas[3,5]. Biallelic inactivating HNF1α
mutations have been identified in tumor tissue: in most of
the cases, both mutations are of somatic origin, whereas
in 15% of the cases, one mutation is germline and the
other is somatic[3,5]. Correlations with pathological and
clinical data have shown that HNF1 α mutations are
mainly observed in a histologically homogeneous group of
tumors, characterized by marked steatosis, no cytological
abnormalities and no inflammatory infiltrate (Figure 1).
HNF1 α mutations have been reported in association
with hepatocellular carcinoma (HCC), but are uncommon
(less than 5% of the HCC cases)[5]. Patients with germline
www.wjgnet.com

HNF1 α mutations were young er than those with
somatic mutations, with or without clinical diabetes (see
below) and they frequently had a family history of liver
adenomatosis[7].
Group 2- Hepatocellular adenomas with mutations of
β -catenin gene
In our series, 10% to 15% of adenomas demonstrate
an activating β -catenin gene mutation including exon
3 deletion or amino acid substitution altering a site of
phosphorylation [3]. Interestingly, in Taiwan, HCA are
developed mainly in men and β-catenin mutations seem
to be more frequently found [6,8]. In β -catenin-mutated
tumors, two β-catenin target genes, glutamine synthetase
(GS) and GPR49, are greatly over-expressed when
compared to non-tumor tissues. Correlations with the
corresponding pathological and clinical data have shown
that β -catenin-mutated tumors occur more frequently
in males, are usually characterized by the occurrence of
cytological abnormalities and acinar pattern whereas they
are less frequently steatotic (Figure 2). They are also more
frequently interpreted as borderline lesions between HCA
and HCC and are more frequently associated with the
development of unequivocal HCC than the other HCA
subtypes[3].
Group 3- Hepatocellular adenomas without mutations of
HNF1α or β -catenin genes and with inflammatory features
This group (approximately 35%) of HCA is defined
by the presence of inflammatory infiltrates and often
telangiectasia [3]; it corresponds, at least partly, to the
newly characterized entity (previously called telangiectatic
FNH), which is a variant of HCA, often designated as
inflammatory adenoma and/or telangiectatic adenoma[9,10]
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Figure 2 β-catenin mutated adenomas (from different
cases). A: This tumor is composed of 2 parts: an
adenoma (ad) and a hepatocellular carcinoma (white
asterix) (HE); B: In this adenoma, some irregular
nuclei and acinar arrangements are seen (white
arrow) (HE); C: immunohistochemistry: cytoplasmic
and nuclear overexpression of β-catenin in adenoma
(ad), contrasting with normal membranous staining
in adjacent non tumoral liver (NT); Inset (upper
left): homogeneous immunostaining with glutamine
synthetase in adenoma (ad), contrasting with normal
staining of pericentral hepatocytes (lower left).
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depending upon the impor tance of inf lammator y
infiltrates and/or sinusoidal dilatation (Figure 3). We
believe this subset of tumors is HCA rather than FNH
for two reasons[9]. First, the lesions display macroscopic
appearances of HCA that include typical gross features
of soft large tumors with a significant risk of hemorrhage
instead of the nodular and fibrous appearance of typical
FNH. Secondly, these lesions also have molecular
characteristics of HCA, which include monoclonality and
Ang1/Ang2 mRNA ratio in the range found in HCA of
the usual type[9,10], and different from FNH[11]. Recently we
identified a typical case of inflammatory adenomas with
clinical manifestation of an inflammatory syndrome and
expressing serum amyloid A (SAA) in the tumoral tissue[12].
After surgery the inflammatory syndrome disappeared.
More data are needed regarding inflammatory/
telangiectatic cases, which are also β-catenin mutated. In
our experience, these patients are also at risk of HCC.
Group 4- Hepatocellular adenomas without mutations of
HNF1α or β -catenin genes nor specific features
This group represents less than 5%-10% of cases.

POTENTIAL CLINICAL IMPLICATIONS
This genotype/phenotype classification will help to
solve some of the problems listed below. (1) The
complex etiology of adenomas. Occurring essentially
in women using oral contraceptives it is not, however,
exceptional in women without oral contraceptives and
in men[4]. There are, in addition, rare clinical conditions

such as glycogenosis, familial polyposis coli, liver with
vascular abnormalities, drugs related (particularly male
hormones), etc[4]. It will be interesting to study to which
phenotype/genotype groups they belong. Recently, several
cases of HCA developed in patients with adenomatous
polyposis coli were identified with an activated β-catenin
pathway[13,14]; however, interestingly, we have also found a
case mutated for HNF1α[15]. It will be also of interest to
study the number of HCA (single, multiple, adenomatosis),
the association with other hepatic (i.e. FNH, hemangioma)
or extrahepatic abnormalities (i.e. meningioma) [4], the
identification of small nodules in adenomatosis according
to our patho-molecular classification[16]. The search for
genetic predisposition to development of HCA is of
particular interest particularly in association with oral
contraceptive use. This field of research enabled us to
recently identify germline mutations of the CYP1B1
gene in 15% of the women who developed a HNF1αmutated HCA[17]. These results showed that inactivating
mutation of CYP1B1 predisposes to develop HNF1αmutated HCA associated with oral contraceptive use
or in a familial context. (2) The radiological, clinical
identification of adenomas. Magnetic resonance imaging
could be an interesting tool to identify the 2 main types of
adenomas. HNF1α-mutated adenomas being frequently
steatotic, a signal dropout with fat suppression sequences
on magnetic resonance imaging might be expected,
whereas inflammator y adenomas may show strong
arterial enhancement and persistent enhancement at the
portal and delayed phase. It will be important to know if
inflammatory adenomas are at a greater risk of bleeding
www.wjgnet.com

2652

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

May 21, 2007

Volume 13

Number 19

A

B

C

500 μm

D

250 μm

E

200 μm

Figure 3 Inflammatory/telangiectatic adenomas (from different cases). A: several sections of adenomas showing different aspects. Upper left: hemorrhagic areas in the
center of the tumor; lower left: several micronodules (white arrows) in a patient with a large inflammatory/telangiectatic adenoma (not shown); upper right: this massive
adenoma is difficult to identify on fresh tissue; the same is more easily identified after fixation (lower right); B, C and insets: typical aspects with obvious telangiectasia
and inflammatory infiltrates (B) around thick arteries (C) (HE); D: some ductular reaction is visible on cytokeratin 7 immunostaining; E: CD34 immunostaining highlights
capillarized sinusoids around arteries.

and can be identified clinically. Preliminary results suggest
that overweight patients are more frequently observed
in the inflammatory group than in the others[18]. (3) The
identification of the risk of hepatocellular carcinoma. This
remains a major issue because it requires ablation of the
adenoma or a stringent follow-up. Presently liver biopsy
www.wjgnet.com

coupled to immunostaining (β-catenin and/or glutamine
synthetase) is the only method available to identify patients
at risk of developing hepatocellular carcinoma, this risk
being greater in patients with HCA bigger than 4-5 cm and
in men[18]. Patients with glycogenosis and patients taking
androgens seem also at a high risk[19-21]. (4) The diagnosis

Bioulac-Sage P et al . Classification of hepatocellular adenoma

of HCA variants. This remains problematic because its
typical pathological features may be absent, even in the
resected specimen and its pathological appearance is
heterogeneous and overlaps with that of FNH[4], an entity
which deserves a conservative approach. For instance,
until now, the presence of ductules (CK7 positive and
usually CK19 negative) in hepatocytic nodules has
prevented the diagnosis of HCA for a lesion otherwise
closely similar to classical HCA. One important lesson
learned from molecular studies is that the presence
of ductules does not preclude the diagnosis of HCA
particularly when associated with an obvious sinusoidal
dilatation (the so-called telangiectasia in telangiectatic
FNH). These ductules can be dystrophic and differ from
those observed in FNH. (5) Specific investigations. A
young patient with HCA and maturity-onset diabetes of
the young, type 3 (MODY 3) should be investigated for
HNF1 α constitutional mutation [7]. If the blood test is
positive, a familial investigation for both diabetes and liver
nodules is mandatory[7,22,23]. It has been shown recently that
inflammatory/telangiectatic adenomas could be identified
by immunohistochemistry[12] as well as HNF1α-mutated
adenomas[18] on resected specimens. Work is in progress to
know if these could also apply to liver biopsy material.

CONCLUSION
Molecular analysis of HCA could offer new tools for
the differential diagnosis between benign lesions and
suggests a revision of histological criteria currently
used for their diagnosis. Genetic analysis allows us
to understand the peculiar histological features and
biological behavior of lesions for merly defined as
telangiectatic FNH, now reclassified as adenomas. It is
very difficult to offer generalized practical, evidencebased management guidelines. The details of each
case have to be considered, such as patient preference,
age, gender, lesional size, location, number, aetiology
(glycogenosis, factors associated with HCA such as
oral contraceptives, androgens, diabetes...), mode of
presentation (hemorrhage, mass lesion and associated
symptoms), availability of specialist techniques and
expertise (hepatology, pathology, radiology, and surgery).
However, the approach to the diagnosis of problematic
benign hepatocytic nodules may be entering a new era
directed by new molecular information. It is hoped that the
available immunohistological tools will permit significant
improvements in liver biopsy interpretation and in our
ability to distinguish HCA from FNH, and to delineate
clinically meaningful entities within each group of HCA[18].
The optimal care of patients with a liver nodule requires
the combined expertise of hepatologists, pathologists,
radiologists, and surgeons. Progress will also need the
expertise of molecular biologists. Finally, in view of the
fact that there have been and continue to be considerable
difficulties in correctly identifying some cases of HCA
and FNH, the literature concerning this group of tumors
should be read critically and interpreted with care.
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DEFINITIONS
Abstract
Pancreatitis is the most common complication after
endoscopic retrograde cholangio-pancreatography
(ERCP); the reported incidence of this complication
varies from less than 1% to 40%, but a rate of 4%-8%
is reported in most prospective studies involving nonselected patients. Differences in criteria for defining
pancreatitis, methods of data collection, and patient
populations (i.e. number of high-risk patients included
in the published series) are factors that are likely to
affect the varying rates of post-ERCP pancreatitis. The
severity of post-ERCP pancreatitis (PEP) can range from
a minor inconvenience with one or two days of added
hospitalization with full recovery to a devastating illness
with pancreatic necrosis, multiorgan failure, permanent
disability, and even death. Although, most episodes
of PEP are mild (about 90%), a small percentage of
patients (about 10%) develop moderate or severe
pancreatitis. In the past, PEP was often viewed as an
unpredictable and unavoidable complication, with no
realistic strategy for its avoidance. New data have aided
in stratification of patients into PEP risk categories and
new measures have been introduced to decrease the risk
of PEP. As most ERCPs are performed on an outpatient
basis, the majority of patients will not develop PEP
and can be discharged. Alternatively, early detection of
those patients who will go on to develop PEP can guide
decisions regarding hospital admission and aggressive
management. In the last decade, great efforts have
been addressed toward prevention of this complication.
Points of emphasis have included technical measures,
pharmacological prophylaxis, and patient selection.
This review provides a comprehensive, evidence-based
assessment of published data on PEP and current
suggestions for its avoidance.
© 2007 The WJG Press. All rights reserved.
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Different methodologies and definitions partially account
for variations in post-endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis rates. Follow-up of
patients (by phone) will detect some patients with pain
who are hospitalized elsewhere or mild patients who
stayed at home. Prospective studies commonly have postERCP pancreatitis (PEP) rates two to three times higher
than those noted in retrospective studies. However, a
variety of criteria have been used to define early or milder
pancreatitis[1]. More severe forms of PEP are obvious and
rarely escape notice. Up to 75% of asymptomatic patients
have elevations in serum amylase and lipase after diagnostic
or therapeutic ERCP, whereas, others develop significant
abdominal pain without hyperamylasemia; neither of
these entities are diagnosed as clinical pancreatitis [2,3].
Other patients fall into an overlap group, with pain that is
consistent with pancreatitis but with borderline elevation
of serum markers of pancreatitis or with substantial
elevations of serum markers of pancreatitis combined with
minimal pain that does not clearly indicate pancreatitis;
these patients may be variably considered as having, or
as not having, pancreatitis. In an effort to standardize
the definition of PEP, a consensus conference held in
1991 proposed criteria that have become widely accepted.
According to that consensus the pancreatitis is graded
as mild, moderate, or severe, depending on the number
of days of hospitalization required and on the level of
necessary intervention[4]: (1) Mild: serum amylase at least
three times normal at more than 24 h after the procedure,
requiring admission or prolongation of planned admission
to 2-3 d; (2) Moderate: hospitalization of 4-10 d; and (3)
Severe: hospitalization of more than 10 d, or hemorrhagic
pancreatitis, phlegmon or pseudocyst, or required
intervention (percutaneous drainage or surgery).
The above definitions have been used in most but
not all recent studies. If a serum amylase elevation of
more than 5 times that of the upper normal limit is used
to define PEP [5], this will reduce the apparent rate of
pancreatitis. Serum lipase elevation has also been used,
which may be less sensitive but more specific than serum
www.wjgnet.com
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RISK FACTORS AND PREVENTION OF
POST-ERCP PANCREATITIS
Mechanical factors
Cannulation trauma. Direct contact from the endoscope
rarely causes pancreatitis. Cannulation trauma to the papilla
can cause edema and focal trauma, which may narrow the
papillary orifice, thus creating an obstacle to the flow of
pancreatic juice[10]. Moderate-to-difficult cannulation was
an independent risk factor in the prospective, multicenter
study of Freeman et al[11]. Difficulty found sometimes in
cannulating the papillae may be due to specific pathology
(scar, stone, tumor) or variant anatomy (such as with
diverticula). Aggressive cannulation techniques are believed
to be more traumatic and potential for duct or ampullary
perforation or submucosal injection[12].
H ow t o ove r c o m e c a n nu l a t i o n t r a u m a ? S o m e
cannulation-induced trauma is probably unavoidable.
Gentle probing is of course advocated. Softer tipped
instruments seem logical, but have never been formally
compared to more rigid tipped ones. Once cannulation is
begun, traumatic manipulation of the papilla should be
kept to a minimum[12]. Visible bleeding or edema suggest
excessive trauma. Prolonged probing in an unsuccessful
direction should be avoided. If cannulation is not achieved
quickly, instruments that may facilitate cannulation, such as
tapered tipped cannulas, sphincterotomes, guidewires, and/
or placement of a pancreatic guidewire or stent to assist
biliary cannulation, should be considered. If cannulation
is still not achieved, the endoscopist must balance the
need for deep cannulation and use of more aggressive
techniques such as precutting against the possible
provocation of complications. Also, consideration should
be given to terminate non-urgently indicated procedures.
Pancreatic stent placement has been shown to be
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Figure 1 Endoscopic view of
pancreatic 4 french stent after
pancreatic sphincterotomy.

amylase. If elevations of either lipase or amylase are
considered, the apparent PEP rates may be higher[6].
Pathogenesis
In nor mal conditions, pancreatic digestive enzyme
activation occurs mainly within the duodenum. In
experimental models of acute pancreatitis, it has been
suggested that digestive enzyme activation might occur
within acinar cells. This has been shown in the early stages
of acute pancreatitis induced by secretagogues or by
diet[7]. There is co-localization of digestive enzymes and
lysosomal hydrolases within large cytoplasm vacuoles[8]. As
the lysosomal enzyme cathepsin B is known to be capable
of activating trypsinogen and trypsin can activate the
remaining digestive enzyme zymogens, the co-localization
phenomenon could result in intravacuolar digestive
enzyme activation[9].
During diagnostic and therapeutic ERCP, the pancreas
is exposed to multiple potentially damaging factors.
The exact mechanisms by which these factors trigger
pancreatitis are unknown. Response to injury commonly
occurs over the subsequent 2-12 h. These inciting factors
include mechanical, hydrostatic, chemical, enzymatic, and
microbiological etiologies.

Volume 13

Pancreatic stent

the most effective technique to prevent PEP[13] (Figure
1). Pancreatic stents negate papillary orifice narrowing
and maintain the flow of pancreatic juice[14]. Short-term
pancreatic stent placement should be considered for
higher-risk patients if pancreatic ductal anatomy is suitable,
appropriate equipment is available, and the endoscopist
is familiar with the technique. In particular, pancreatic
stent placement should be considered in the following
circumstances: before pre-cut (access) papillotomy;
before or after biliary sphincterotomy for sphincter of
Oddi dysfunction (SOD), pancreatic sphincterotomy,
endoscopic papillectomy; after manometry or pancreatic
instrumentation for suspected SOD, balloon dilation of
the intact biliary sphincter, pancreatic brush cytology;
and after a difficult cannulation or repeated pancreatic
duct injections of contrast in patients with other risk
factors. If pancreatic stent placement is advisable and
the pancreatic duct is accessed first, we advocate stent
placement early in the procedure. It is preferable that the
prophylactic pancreatic stent should be of small diameter
(3-4 French) and tailored to the diameter and configuration
of the duct and to the depth to which a guidewire can
be inserted. Placement of a longer stent is possible
after guidewire placement to mid body or tail, whereas,
a short stent (2-3 cm) can be placed if only 2-3 cm
of the length of the guidewire can be inserted. In general,
3F or 4F stents are preferable for normal ducts as they
include less ductitis than ≥ 5F stents. Prophylactic stents
for insertion into normal ducts which we usually use are
≥ 6 cm long, small diameter (3F), unflanged on the inner
end, with a duodenal pigtail to prevent inward migration.
Alternatively, if the main pancreatic duct has an ansa
contour and/or a deep guidance can not be passed, we
advocate placement of a stent 2-3 cm up the duct with
anchoring via intraductal ½ pigtail or a single inner flange.
It is important that the inner tip of the stent should be in a
relatively straight portion of the duct and not pushed into
a bend or turn in the duct. If desired, longer stents can
be partially pulled out after insertion to adjust the inner
end of the stent to the configuration of the duct and to
promote spontaneous passage. Pancreatic stents generally
should be left in place for a minimum of 2-3 d but should
be removed endoscopically (repeat pancreatography
usually not required) within 2-3 wk from a normal duct
if spontaneous passage is not documented by a plain
abdominal radiograph. Use of such prophylactic pancreatic

Abdel Aziz AM et al . Post-ERCP pancreatitis

2657

Table 1 Studies assessing efficacy of pancreatic stents in prevention of post-ERCP pancreatitis
First author/yr

Smithline 1993

[15]

Study design

RCT

Tarnasky 1998[16]
Elton 1998[17]

RCT
Retrospective, case control

Fogel 2002[18]

Retrospective, case control

Norton 2002[19]
Fazel 2003[20]

Retrospective, case control
RCT

Freeman 2004[21]

Prospective, case control

Catalano 2004[22]

Retrospective, case control

n

Patients

Pre-cut biliary ES, SOD,
small ducts
Biliary ES for SOD
Pancreatic ES for all
indications
Biliary +/- pancreatic ES
for SOD
Endosopic ampullectomy
Difficult cannulation,
biliary ES, SOD
All attempted major
papilla PD stents in highrisk therapeutic ERCP
Endoscopic ampullectomy

93

Pancreatitis rate without and
with pancreatic stent
Without (%)

With (%)

18

14

P

0.299

80
194

26
12.50

7
0.70

0.03
< 0.003

436

28.20

13.50

< 0.05

28
76

11.10
28

20
5

> 0.05
< 0.05

225

66.70

14.40

0.06

103

16.70

3.30

0.10

RCT: randomized controlled trial; ES: endoscopic sphincterotomy; SOD: sphincter of Oddi dysfunction; PD: pancreatic duct.

stents in large referral centers have shown a significant
reduction in rates of PEP including severe cases (Table
1)[15-23].
Endoscopic sphincterotomy (ES). During ES and
stone removal, the ampullary area may be traumatized
by the sphincterotome per se or by the associated
extraction devices (balloons and baskets). This may
obstruct the pancreatic duct orifice. Performance of
biliary sphincterotomy for biliary stones or malignant
biliary obstruction has not been associated with significant
added independent risk of pancreatitis in most largescale prospective multivariate analyses [11,24,25]. This was
highlighted by a Japanese group [7], who showed that,
although the frequency of biliary ES-induced pancreatitis
was significantly higher than that of diagnostic PEP,
the frequency of severe pancreatitis at 48-72 h was
significantly lower within the group of patients who had
undergone biliary ES. It is thought that biliary ES lowers
the pancreatic intraductal pressure. However, there is some
limited manometry data to support this concept.
Pancreatic sphincterotomy in the setting of SOD or
idiopathic pancreatitis was associated with a higher rate of
pancreatitis (up to 29%) and was found to be a significant
risk factor for PEP in a large multivariate study (OR 3.1:
95% CI [1.6, 5.8])[11]. The risk of severe pancreatitis was
low in that study (< 1%), probably because many patients
had chronic pancreatitis and/or nearly all patients had a
pancreatic stent placed to enhance drainage.
During biliary and pancreatic sphincterotomy, direct
heat transfer to adjacent pancreatic parenchyma may cause
injury. Thermo-couple analysis of adjacent parenchymal
temperature has not been reported. Additionally, edema at
the sphincterotomy site is obvious by endoscopic viewing
up to 10 d after sphincterotomy [26]. Such edema in the
pancreatic orifice may produce obstruction to the flow of
pancreatic juice.
How to overcome? Biliar y ES should be oriented
towards 11:00 to 1:00 O'clock position (i.e. away from

the pancreatic orifice). Excess cautery should be avoided
near the pancreatic orifice (this tends to occur if too
much cutting wire is inside the bile duct). Cutting then
proceeds slowly with excessive local cautery. Pancreatic
stents are recommended for all high risk biliary ES, PES or
precutting patients.
Studies evaluating pure cutting current for biliary
ES show slightly reduced PEP rates but slightly higher
bleeding rates [26-28]. Overall the trade off has not been
thought to be beneficial. Automatic current delivery
systems are increasingly used to decrease rapid "zipper"
cutting[29]. To date, they have not been shown to modify
the rate of post-procedure pancreatitis.
Pre-cut (access) papillotomy. The pre-cut technique
has many variations: standard needle-knife inserted at
the papillary orifice with upward cutting, needle-knife
‘‘fistulotomy’’ by starting the incision above the papillary
orifice, and wedging a pull-type sphincterotome into
the papillary orifice or pancreatic duct. Any of these
techniques has the potential to injure the pancreatic
sphincter. There are different opinions as to whether the
added risk of a pre-cut is because of the maneuver itself
or because of the prolonged effort at cannulation that
often precedes it[29-34]. However, in multivariate analyses,
even after adjusting for other variables, such as the
number of pancreatic injections and the difficulty level
of cannulation, precut has been associated with a higher
independent risk of pancreatitis, especially in multicenter
studies that include endoscopists with varying experience
and in which pancreatic stents are placed infrequently[24].
In a meta-analysis, pre-cut papillotomy was associated
with an increased risk of pancreatitis[35]. By contrast, in
many series from tertiary referral centers, the complication
rate for pre-cut sphincterotomy was not different from
that for standard sphincterotomy [30,33,36]. There are two
possible explanations for this discrepancy. One is that
an apparent low risk of pre-cut sphincterotomy may
reflect case selection, such that pre-cutting is used only
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for patients at relatively low risk (e.g. older patients
with obstructive jaundice) and with favorable anatomy,
including a prominent papilla, whereas, standard traction
sphincterotomy is performed in many other higher-risk
circumstances, such as suspected SOD, only after free
cannulation is achieved. The other explanation, also likely
to be valid, is that the outcome of pre-cut papillotomy
is highly operator dependent. However, an endoscopist
found that, despite increasing success at pre-cutting
as experience accumulated, the complication rate did
not decrease (14%, mostly pancreatitis, including some
severe ones) when pre-cutting was performed without
pancreatic stent insertion in patients with an average
risk[37]. Complications of pre-cut sphincterotomy may also
vary with the indication for the procedure; in a multicenter
study in which a pancreatic stent was seldom placed,
precut papillotomy was associated with a higher overall
rate of pancreatitis (15.3%); but, when performed for
SOD, the rate was 35.3% (25% severe) compared with
11.3% (2% severe) for other indications (P = 0.01)[38]. In
contrast, a subsequent study showed that needle-knife
papillotomy over a pancreatic stent placed during the early
stages of the procedure was shown to be substantially
safer than conventional pull-type sphincterotomy without
a pancreatic stent in patients with SOD[18]. Overall, the
data thus suggest that traditional methods of pre-cut
papillotomy are potentially injurious to the pancreas, albeit
effective in experienced hands and probably safer than
a protracted effort at cannulation. The benefit of precut papillotomy should be weighed in each case against
the risks arising from further attempts at cannulation and
pancreatic manipulation, and in relation to the option of
simply terminating the procedure and referring the patient
to an endoscopist with more experience.
What should be done? Pre-cut should be used for biliary
access only if the indication for therapy is relatively clear
and the endoscopist is experienced in pre-cut techniques.
Placement of temporary pancreatic stent before or after
cutting should be strongly considered.
Balloon dilatation of the biliary sphincter. Balloon
dilation of the biliary sphincter was introduced as an
alternative to sphincterotomy for extraction of bile duct
stones and is widely performed in some centers in Europe
and Asia, although infrequently been used in the United
States. A number of randomized trials from referral centers
in countries other than the United States have shown total
complication rates to be equivalent to or less than those
for sphincterotomy. Most of the studies showed decreased
bleeding rates, but increased pancreatitis rates. However,
these studies generally involved older patients with larger
stone burdens, a subgroup in which the risk of pancreatitis
is relatively low[39-47]. In a multicenter, multivariate analysis
from the United States, involving younger patients with
bile duct stones (frequently identified in conjunction
with laparoscopic cholecystectomy), balloon dilation was
found to be one of only 4 independently significant risk
factors, with OR 4.5: 95% CI [1.5, 13.5] and a frequency
of post-ERCP pancreatitis of 16.1%[11]. In a randomized
controlled trial of treatment of bile duct stones involving
337 patients in the United States, pancreatitis occurred in
15.4% (5.1% severe) after balloon dilation vs 0.8% (none
www.wjgnet.com
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severe) after pull-type sphincterotomy (P < 0.01), with two
deaths from severe pancreatitis after balloon dilation[48]. A
study from Germany also found a high rate of pancreatitis
after papillary balloon dilation[49].
Recommendations. Balloon dilation (without prior
biliary ES) for extraction of bile duct stones should not be
recommended as a standard approach, especially in high
risk subjects, unless there is a definite contraindication to
sphincterotomy (e.g. patients with severe coagulopathy)[48].
Also, we recommend temporary pancreatic stent placement.
Endoscopic ampullectomy. Endoscopic papillectomy
(ampullectomy) is increasingly performed for excision
of adenomas and other lesions involving the papilla.
Techniques include en bloc and piecemeal snare excision,
with or without injection of saline solution to lift the
lesion; biliary or pancreatic sphincterotomy; and pancreatic
stent placement. The risk of pancreatitis as a result of
thermal injury from papillectomy is substantial: rates
in retrospective series range from 6% to 17%[50,51]. The
pancreatitis can be severe and fatal.
Recommendations. In a retrospective study of
papillectomy in 103 patients at 4 centers, placement of a
pancreatic stent was associated with a lower frequency of
pancreatitis (3.3% vs 17%; P = 0.1)[22]. Placing the stent
before ampullectomy makes the resection more difficult.
Placement after resection requires pancreas cannulation
in a traumatized zone. Secretin and/or methylene blue
assistance may be needed.
Manometr y of the biliar y and/or pancreatic
sphincters. ERCP with manometr y of the biliar y
and/or pancreatic sphincters is performed to diagnose
sphincter of Oddi dysfunction. Initial studies reported
a high rate of post-procedure pancreatitis. Continuous
water perfusion (without aspiration) was used with early
manometry catheters, and the duct entered was not
determined or reported. These factors likely account
for some cases of perfusion-related hydrostatic injury,
particularly those occurring after placement of the catheter
in the pancreatic duct[52]. In a randomized trial, use of
the aspirating technique during pancreatic manometry
significantly reduced the frequency of pancreatitis (4%)
when compared with perfusion manometry without
aspiration (31%)[53]. A similar study of biliary manometry
found no difference in the frequency of hyperamylasemia
or pancreatitis between aspirated and non-aspirated
manometry groups, suggesting that perfusion injury is
a factor only when the pancreatic duct is perfused [54].
Most authorities agree that only aspiration manometry
should be done in the pancreas. Microtransducer (solid
state) manometry catheters are an alternative to perfusion
systems that eliminate the risk of perfusion injury to the
pancreas. The frequency of pancreatitis when manometry
was performed with a microtransducer catheter was 3.1%
vs 13.8% for perfusion (non-aspiration) manometry in
a randomized trial (P < 0.05)[55]. Microtransducer use is
limited because of higher cost and aspiration catheters
alternatives. Additionally, Freeman study showed that PEP
was equally frequent when comparing suspected SOD
treated empirically with manometry guided therapy[38].
In summary, aspiration type pancreatic manometry
does not appear to add PEP risk to the patients at already
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Figure 2 Severity of post-ERCP pancreatitis according to the extent of pancreatic duct opacification. Retrospective analysis of database with 14431 patients with no or
normal pancreatogram (groupⅠ: no pancreatogram or failed pancreatogram, group Ⅱ: pancreatogram of the head only, group Ⅲ: pancreatogram of head/body only, group
[69]
Ⅳ: pancreatogram including tail) .

high risk who can benefit from manometry evaluation.
Recommendation. Use any manometry catheters for
the biliary studies. Use aspiration manometry catheter for
pancreatic work. Temporarily stent the pancreatic duct,
even if manometry is normal[18].
Contrast media
Hydrostatic factors. Injection pressure and the amount of
contrast media or other fluid injection into the pancreatic
duct, contribute to ductal epithelial or acinar injury.
Acinarization occurs when the volume injected into the
pancreatic duct exceeds the ductal capacity. Approximately
2 mL is adequate to fill the main pancreatic duct and
secondary branches [56] . Quantitation of the volume
injected appears to be of limited clinical value, as contrast
tends to spill into the duodenum. However, the greatest
elevations of total serum amylase activity and the highest
frequencies of elevation occurred after complete filling
of the acini[57,58]. Skude et al[57] in a series of 219 patients
reported that pancreatic enzyme level elevation after ERCP
correlated directly with the extent of opacification of the
pancreatic duct system. Increases in intraductal pressure
and filling of side branches may result in leakage of the
pancreatic secretions into the circulation. In support of
this proposal was the finding that serum amylase did
not rise in patients with open pancreatojejunostomies. A
high injection pressure and a larger injection volume into
the pancreatic duct are known to cause higher and more
prolonged hyperamylasemia in dogs [59]. The results of
our large study[60] show clearly that increased frequency
of PEP correlates directly with extent of opacification
of the pancreatic duct system (Figure 2A and 2B). The
highest frequency of PEP occurred after complete filling
of the pancreatic duct. The extent of pancreatic duct
opacification was a significant risk factor for PEP by
uni- and multivariate analysis. In a relatively small study
(n = 1223), there was a tendency toward increased PEP
in patients in whom the pancreatic duct was opacified to
the tail compared with those in whom only the duct in
the head of the gland was visualized[61]. In another small
study, Chen et al[62] reported that there was no statistically

significant difference in the rate of pancreatitis between
the patients who had a pancreatogram (n = 117) and those
who did not (n = 93), 4.3 % vs 6.5%. They proposed that
this was due to multiple attempts at cannulation of the bile
duct alone which caused sufficient mechanical trauma at
the pancreatic orifice without injection of the pancreatic
duct.
What to do? The endoscopist must balance the need for
specific duct visualization against the possible provocation
of complications. For biliary cases, the pancreas injections
should be minimized. Entry into the pancreatic duct can
not be avoided in many cases, but injection filling should
be limited to the head. In setting with suboptimal pancreas
visualization (obesity, overlying stool, gases or barium in
right upper quadrant colon, etc), extra care should be taken
to limit pancreas filling.
For repeated pancreas entry, aspirate out injected
contrast. Guide-wire cannulation may be used to avoid
repeated, undue opacification of the pancreatic ductal
system. Placement of a pancreatic stent can help block
pancreas re-entry. Reducing the injection pressure can
minimize the risk of either submucosal injections or
acinarization. Quality fluoroscopic imaging is needed to
monitor pancreas filling.
Chemical f actor s. T he contrast media used for
pancreatography can provoke pancreatitis. Contrast media
are differentially visualized from the surrounding tissue
because of their iodine content. The osmolality and ionic
nature of the contrast media are believed to be the major
factors responsible for many of the adverse effects that
occur after intravascular administration[63].
How to overcome? Investig ators have used lowosmolality agents, usually non-ionic, in attempt to reduce
PEP. Most studies including a meta-analysis failed to show
reduced PEP rates from the newer, more expensive lower
osmolality agents[63].
Allerg y to contrast media. ERCP contrast media
reactions are believed to be rare. The low frequency of
allergic reactions is probably based on the slow absorption
of the contrast media and also on the low dose of the
agent administered. A multicenter study by Lasser et al[64]
www.wjgnet.com
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showed that the administration of methylprednisolone
before the intravenous contrast injection lowered the
incidence of adverse reactions from ionic agents to a level
similar to that reported from other series with nonionic
media. However, whether or not allergic reactions may
cause pancreatitis is presently unknown.
How to overcome? Many centers give antihistamine and
oral or Ⅳ corticosteroids to patients who report iodine
allergies. However, there have been no randomized studies
to evaluate the necessity or efficacy of this practice.
Enzymatic factors: According to the duodenal reflux
pathogenic theory of acute pancreatitis, activated intestinal
enzymes carried into the pancreatic ductal system by
ERCP maneuvers would promote autodigestion. Current
contrast agents do not activate trypsinogen in pancreatic
juice. Previous prophylactic studies using old protease
inhibitors failed to demonstrate any beneficial effects in
preventing acute pancreatitis. More recently, gabexate
mesilate, a low molecular weight protease inhibitor, has
been shown to have a prophylactic effect on ERCPinduced pancreatitis[65].
Chemokines. Some studies [66-68] have indicated the
potential usefulness of ERCP as a model for studying
the early inflammatory response in acute pancreatitis.
Kiviniemi et al[66] found that, in uncomplicated PEP cases,
acute phase response is measured by serum C reactive
protein (CRP) levels did not parallel the serum amylase
or lipase levels. However, Blanchard et al[69] hypothesized
that cytokines may be produced primarily by pancreatic
parenchymal cells. Reasoning that ductal epithelium is
the cell type most likely to be exposed to noxious stimuli
in common causes of pancreatitis, such as ERCP and
passage of a gallstone, they examined the response of
well-differentiated pancreatic ductal adenocarcinoma cell
lines to stimuli known to stimulate cytokine production in
other cells. CAPAN-1 and CAPAN-2 cells were incubated
with endotoxins or TNF-alpha and the supernatant was
assayed for production of IL-1, IL-6, and IL-8 by ELISA.
The cells were assayed for activation of the transcription
factor NF-kappa B by electrophoretic mobility shift assay.
These authors found no detectable production of IL-1
by either cell line. CAPAN-1 cells had a concentrationdependent production of IL-6 and IL-8 in response to
both endotoxins and TNF-alpha. CAPAN-2 cells had a
concentration-dependent production of IL-6 and IL-8 in
response to TNF-alpha. They had a low-level expression
of IL-8 which was unaffected by any concentration of
lipopolysaccharide (LPS) and no detectable production of
IL-6 in response to LPS. On the basis of these findings
the authors concluded that pancreatic duct cells may play
an active part in the pathogenesis of acute pancreatitis
through the production of cytokines. More recently,
Pezzilli et al[70], found that ERCP maneuvers significantly
increase serum levels of CRP, amyloid A and IL-6 also
in patients who did not develop acute pancreatitis, thus
confirming the data of Blanchard et al[69]. Unfortunately,
prospective double blinded randomized studies failed to
show benefit of IL-10 in suppressing PEP. Further studies
are needed.
Microbiological factors. Most studies do not find that
infections play a role in PEP unless severe pancreatitis
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with necrosis occurs. Antibiotic prophylaxis is reserved
for patients with high risk (immunosuppressed or cardiac
prosthetic valves)[71,72].
Patient risk factors. Patient risk factors are now
increasingly recognized. High-risk patients may develop
PEP independent of the type of endoscopic procedure
performed; moreover, the risk of pancreatitis escalates
when multiple risk factors occur in the same patient or
technique related risk factors occur during the procedure.
High-risk patients include those with normal serum
bilirubin, female gender, recurrent abdominal pain, absence
of biliary ductal dilatation, and conditions suggesting
possible sphincter of Oddi dysfunction, all increase the
risk of pancreatitis by up to 10-fold[10]. In these patients,
diagnostic ERCP should be avoided in routine practice and
magnetic resonance cholangiopancreatography (MRCP)
or detailed CT imaging should be alternatively used. When
ERCP is clearly indicated, either diagnostic or therapeutic,
these high-risk patients should be informed about the
specific risk of post-procedure pancreatitis and the
potential measures to decrease risks.
It is also important to use caution when performing
pancreatography in patients with homozygeous alpha1-anti trypsin deficiency [73]; two cases of hemorrhagic
pancreatitis with one death following ERCP have been
reported in patients with this genetic abnormality.
Physician risk factors. Adequate ERCP training is
difficult to obtain in the average 2-3 years GI fellowship
training program. Cannulation of the desired duct in more
than 90% of cases and ability to provide biliary drainage
is necessary for competence in ERCP. Trainees rarely
achieve biliary cannulation competence with less than 200
cases[74]. Our experience is that 400-500 cases are needed
to gain a high skill level. Nevertheless many trainees state
that they plan to perform ERCP in private practice despite
limited training[75]. PEP rates have not been reported from
such settings. Univariate analysis showed that higher case
volume per endoscopist was unexpectedly associated with
a higher rather than a lower rate of pancreatitis. However,
in the multivariate model, after adjustment for case mix,
endoscopist case volume showed no effect on the rate
of pancreatitis[11]. Previous multicenter studies have also
failed to show a significant correlation between ERCP
case volumes and pancreatitis rates, although they have
shown a consistent correlation with bleeding rates, overall
complication rates and rates of severe complications[38,76].
It is possible that none of the participating endoscopists in
the study of Freeman et al[11] reached the threshold volume
of ERCPs above which pancreatitis rates would diminish.
The recent report by Shyham et al showed that patients
who undergo ERCP in high-volume centers have a shorter
length of stay and lower procedural failure rates than those
undergoing ERCP at low-volume hospitals. They stated
that these findings have important implications for health
care policy decision-making and resource utilization[77].
Assessments for PEP. Bedside assessment alone has
been shown to be suboptimal in assessing for development
of pancreatitis [78]. A combined clinical and laboratory
assessment has been shown to be most sensitive and
specific [76-80]. Ideally, a test is needed which is readily
available, inexpensive, with rapid results available, and
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patients are separated into patients with no PEP (for early
discharge) and those with PEP (needing hospitalization).
Category 1: Pancreatic enzymes as markers of pancreatic
injury
Serum amylase. Serum pancreatic enzymes rise in reaction
to manipulations during ERCP in the majority of
patients[81]. In the absence of clinical pancreatitis, serum
amylase levels peak at 90 min to 4 h after ERCP and
return to normal levels within 48 h. With PEP, the serum
amylase is elevated more quickly and/or to a higher level.
A test with high predictive value, helps rule out PEP and
permits earlier hospital discharge. In the study by Gottlieb
et al[78] prospectively evaluated 231 patients in whom serum
amylase and lipase determinations were made 2 h after
ERCP. Serum amylase below 276 IU/L (normal, 40-125
IU/L), and serum lipase below 1000 IU/L (normal,
4-24 IU/L) at 2 h after ERCP were highly predictive in
ruling out pancreatitis with negative predictive values of
0.97 and 0.98 respectively. Testoni et al[79] evaluated 409
patients who underwent endoscopic sphincterotomy
and measured serum amylase levels. Post-procedural
hyperamylasemia (> 220 IU/L) occurred in 192 of the 409
patients (46.9%). Twenty-four hours after the procedure,
the amylase level was still more than five times that of the
upper normal limit (URL) in 26 (6.3%) patients. However,
only 19 patients were considered to have developed
post-procedural pancreatitis. Using serum amylase levels
greater than 5 times the URL as a cut-off, they found that
sensitivity of elevated serum amylase levels in predicting
PEP was 26% at 2 h, 68% at 4 h and 100% at 8 h. In
a study from Australia, 263 patients underwent ERCP
and/or endoscopic sphincterotomy, and a 4-h post-ERCP,
serum amylase level was tested and found to be a rapid and
useful predictor of pancreatitis: Thomas and Sengupta[80]
proposed an algorithm for patient management based on
stratification by the 4-h serum amylase level. If the amylase
level is less than 1.5 times the URL (negative predictive
value 100%), the patient could be safely discharged home.
If the amylase level is greater than 3.0 times the URL
(positive predictive value 36.8%), the patient should be
admitted to the hospital. If the value falls between 1.5
and 3.0 times the URL, clinical assessment, concerns or
risk factors should govern decisions on management. Two
studies have reported that serum amylase levels greater
than 4-5 times the URL at 24 h and the presence of upper
abdominal pain are more predictive of PEP. This does not
help in patient management for the first 23 h[5,82].
In conclusion, a post-ERCP serum amylase level drawn
2-8 h after the procedure is a relatively rapid and reliable
predictor of pancreatitis. The ideal time and cut-off is still
uncertain, but studies suggest that a 4-h level greater than
4 times the URL is most practical and reliable. The above
strategy is one that could be employed in the management
of outpatient ERCPs[80].
A bedside urine amylase (RapignostTM) was evaluated
in predicting acute pancreatitis. Kemppainen et al[83], found
that the Rapignost TM test was 79% sensitive and 89%
specific for the diagnosis of acute pancreatitis. Hegewald
et al[84] focused mainly on patients with hyperamylasemia
after ERCP. They found that Rapignost TM was highly
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specific for excluding pancreatitis at 0 h and 16-24 h (100%),
but not as sensitive (78%) in predicting hyperamylasemia.
At 4 h, the sensitivity and specificity were lower: 50% and
95%, respectively.
Category 2: Markers of proteolytic activation
Trypsinogen activation peptide. Trypsinogen activation
peptide (TAP) is generated in the pancreas when trypsinogen is converted to its active form, trypsin. Plasma and
urine levels of TAP have been found to be elevated and
predictive of the development of acute pancreatitis[85,86].
However, this finding was not validated in other
reports[87,88].
In a study looking specifically at post-ERCP patients,
urinary TAP was not found to be useful in predicting
mild PEP. Banks et al [89] prospectively enrolled 107
consecutive patients in a study to evaluate the utility of
urine TAP assay 4 h after the procedure. Ten of the 107
patients developed mild PEP; urinary TAP levels were not
significantly increased.
Tr ypsinogen-2. In patients with acute pancreatitis,
trypsinogen-2 has been found to be markedly elevated in
the serum and urine. Several studies have investigated rapid
urinary tryspsinogen-2 test strips that utilize monoclonal
antibodies and immunochromatography[90]. These studies
have shown high sensitivities and negative predictive
values, suggesting that the urinary trypsinogen-2 test
can exclude pancreatitis with high probability. Kylanpaa
et al[91] concluded that a negative urine dipstick test 6 h
after the procedure was highly reliable for excluding PEP.
Trypsinogen-2 levels in the serum as well as bound trypsin
2-alpha-1-antitrypsin complex (trypsin 2-AAT) have also
been investigated as potential markers [67]. Kemppainen
et al[92] prospectively evaluated 308 patients who underwent
ERCP, 31 of whom developed PEP. Blood samples for
the assay of trypsinogen-2, trypsin 2-AAT and amylase
were collected at 1, 6, and 24 h after ERCP in all patients.
The investigators found elevated trypsinogen-2 levels
as early as 1 h after ERCP; this peaked at 6 h in patients
with pancreatitis. Additionally, the rise in level seemed to
correlate with the severity of the pancreatitis. The trypsin
2-AAT complex, however, did not show a clear rise until
24 h after ERCP. The sensitivity of a three-fold rise in
trypsinogen 2 at 1 h was 74% and the specificity was 87%.
These numbers were comparable to the 2-hour amylase and
lipase elevations reported in the study by Gottlieb et al[78].
A drawback of using these markers is the lack of
specificity, as many other conditions, including biliary
and pancreatic malignancies, pseudocysts and cholangitis
can cause elevations[93]. Despite this, an elevated serum
trypsinogen-2 levels seen early in the course of PEP holds
promise as a marker that can rapidly detect and reliably
gauge the severity of PEP.
Category 3: Markers of systemic inflammation
Several studies have focused on markers that measure
the degree of systemic inflammation as predictors of the
development of PEP. Interleukins and CRP have been
shown to be elevated in patients with acute pancreatitis[94].
These studies have shown that serum CRP is an accurate
and readily available laboratory test for predicting severity
www.wjgnet.com
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of PEP, but it appears to be a late marker[66,68].
Oezcueruemez-Porsch et al[67] evaluated a number of
inflammatory markers and acute phase reactants, including
procalcitonin, serum amyloid A, interleukin-1 receptor
antagonist, solubilized tumor necrosis factor alpha receptor
Ⅱ, interleukin-6, and interleukin-10 in 94 patients who
underwent ERCP. Twelve patients developed PEP. The
authors found that among all of the parameters that were
evaluated, only peak IL-6 and IL-10 showed significant
correlations with clinical data, i.e. pain score and duration
of ERCP. They concluded that these two interleukins
might prove useful for monitoring patients with PEP.
Pharmacological prevention. Ideally, an agent is needed
to suppress or prevent an inflammatory response to
the trauma of ERCP. Pharmacological prevention of
pancreatitis after ERCP or sphincterotomy has been
studied extensively. Prophylactic efficacy of octreotide,
steroids, somatostatin, IL-10, gabexate mesilate, heparin,
allopurinol, nifedipine, nitroglycerine and antibiotics has
been studied. The ideal agent should be inexpensive,
available and simple to administer before or immediately
after ERCP.
The knowledge of the mechanisms involved in
the early phases of acute pancreatitis plays a pivotal
role in the search for pharmacological prophylaxis of
PEP. As described, the inflammatory cascade in the
acinar cells take place within a very short period of
time and a delay of only a few hours exists between the
pancreatic injury induced by ERCP and the onset of
pancreatitis. Drugs must therefore be able to prevent
the trypsinogen activation to trypsin or modulate the
severity of pancreatitis within a short "therapeutic
window". According to the suggested mechanism of PEP
occurrence, pharmacological prevention has therefore
been mainly addressed to reduce the pancreatic secretion,
prevent the intra-acinar trypsinogen activation, interrupt
the inflammatory cascades, relax the sphincter of Oddi,
and prevent infection.
Reducing the amount of intrapancreatic enzymes.
Inhibition of exocrine pancreatic secretion can be obtained
by somatostatin and its synthetic analogue, octreotide. The
hormone and its analogue affect the exocrine function both
directly, by reducing the secretion of digestive enzymes,
and indirectly, by inhibiting secretin and cholecystokinin
production. In addition to their antisecretory effects,
somatostatin and octreotide have been demonstrated
to modulate the cytokine cascade and may also have a
cytoprotective effect on pancreatic cells, although the
mechanism whereby these agents exert their cytoprotective
effect is unknown[95]. Octreotide has a longer biological
half life. Experimental investigations have shown that
both somatostatin and octreotide have a protective effect
on animal models in experimental acute pancreatitis.
Somatostatin has been administered for prophylactic
purposes either by prolonged i.v. infusion or by a single
bolus administration immediately before the ERCP
procedure. In a large scale, multicenter, placebo controlled
trial in 382 patients, Andriulli et al[96], found that a single
dose of somatostatin at 750 µg, started 30 min before the
procedure and continued for 2 h afterwards. Infusion was
ineffective in preventing pancreatitis; pancreatitis occurred
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in 11.5% of patients who received somatostatin vs 6.5%
of those given a placebo. A meta-analysis of somatostatin,
in which data from short- and long-term infusion studies
were pooled, found somatostatin to be ineffective (OR
0.68: 95% CI [0.44 1.04]; P = 0.075). Another study in
372 patients found that pancreatitis was significantly less
frequent (1.7%) in patients treated with a bolus or a 12-h
infusion of somatostatin compared with those given a
placebo (9.8%) [97]. A recent study from Spain, showed
that a bolus dose of 250 micrograms of somatostatin
administration immediately before introducing the catheter
in the papilla of Vater, does not help prevent post-ERCP
acute pancreatitis[98].
Octreotide has the advantage of a simple administration by subcutaneous injection. The simplest and
cheapest prevention strategy, with a 100 µg subcutaneous
bolus immediately before and one hour after ERCP
and sphincterotomy, did not lower the incidence of
post-ERCP hyperamylasemia or modify the risk of
pancreatitis. This prophylactic approach aiming at inhibiting
exocrine pancreatic secretion within the first hour after
papillary manipulation did ensure a peak serum level
of hormone at the time of papillary manipulation, and
a subsequent subcutaneous dose was given to obtain a
longer post-procedure effect. Subcutaneous injection
of 0.2 mg of octreotide three times daily for three
days effectively reduced both the incidence of postERCP hyperamylasemia and pain [99] ; however, 24-h
prophylaxis using octreotide 30 min before the procedure
did not reduce the incidence of pancreatitis in selected
patients at high risk of PEP [5]. From 1991 up to now,
all randomized clinical trials have been published with
mainly disappointing results. A meta-analysis of 10
clinical trials published before the year 2000 by Andriulli
et al [100] concluded that octreotide was only associated
with a reduced risk of post-ERCP hyperamylasemia but
had no effect on acute pancreatitis and pain. The overall
evidence in the literature suggests that somatostatin is
likely to be effective in reducing the frequency of postERCP pancreatitis, whereas octreotide is not[101]. Whether
the difference is related to the different effects of the two
agents on the motor function of sphincter of Oddi or to
other reasons is unclear. Unfortunately, somatostatin is not
available in the USA.
Preventing co-localization of enzymes and lysosomal
hydrolases. Prevention of intra-acinar trypsinogen
activation to trypsin and the subsequent inflammatory
cascade may be achieved by using antiprotease agents.
One of the most promising agents regarding this issue
is gabexate mesilate which was shown to be effective
in preventing post-ERCP pancreatitis. In a prospective,
multicenter, controlled trial involving 276 patients[102]: the
incidence of pancreatitis was reduced four-fold in the
treatment group compared with the placebo group (2%
vs 8%). Another multicenter study by a Japanese group
has demonstrated that a 6-h infusion was as effective
as a 12-h infusion[65]. Overall, a meta-analysis study by
Andriulli et al[100] evaluating six clinical trials published
between 1978 and 1996 showed that gabexate mesilate was
effective in preventing post-ERCP pancreatitis. However,
the same author did not find any beneficial effect of the
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drug administered in high-risk patients over a two-hour
period, starting 30 min before the procedure[96]. A second
meta-analysis from the investigators who performed the
first meta-analysis suggested that when all studies were
combined, gabexate was minimally effective (OR 0.58: 95%
CI [0.34, 0.99]), with the number needed to treat being 35;
in addition, gabexate given as a short-term infusion (< 4 h)
was found to be ineffective[97].
Another new antiprotease agent is ulinastatin. A recent
study from Japan concluded that administration of lowand high-dose ulinastatin has similar effects to high-dose
gabexate in the prevention of PEP[103]. Further studies are
awaited.
Based on their mechanisms of action, both antisecretory and anti-protease agents may be beneficial only
when administered before the procedure but do not seem
to be able to prevent the inflammatory cascade, once
activated, and, therefore, are likely to be ineffective if used
"on demand" when technique-related high-risk conditions
have occurred. Moreover, available data show that these
drugs are ineffective in high-risk subjects. Gabexate and
ulinastatin are not available in the USA.
Blocking some steps of the enzyme-activated
inflammatory cascade. A variety of agents that interrupt
the inflammatory cascade at various points have been
investigated. A role for corticosteroid in various forms has
been investigated. Two studies (without adjustment for
confounding variables or multivariate analysis) suggested
that corticosteroids might be protective[104,105]. Subsequently,
5 randomized controlled trials with large numbers of
patients demonstrated no benefit, nor any trend toward a
benefit, for various corticosteroid formulations, including
methylprednisolone, hydrocortisone, and prednisone[106-110].
In a similar approach, it was hoped that xanthine
oxidase inhibitors, such as allopurinol, might prevent PEP
by inhibiting generation of oxygen-derived free radicals.
To date, there have been 3 large-scale, randomized,
placebo-controlled studies of allopurinol for prevention
of PEP in human subjects reported in the medical
literature. Katsinelos et al[111], reported that pretreatment
with high-dose, orally administered allopurinol decreases
the frequency of PEP (3% in allopurinol group compared
to 18% in placebo group). Moseler and colleagues, in
another large-scale trial found no statistical difference in
the frequency of PEP in patients given allopurinol (13%)
compared with those given a placebo (12%)[112]. Budzynska
et al[106] reported similar rates of pancreatitis in 200 patients
who received either allopurinol (12%) or placebo (8%). If
one was to pool the results of all 3 studies in a crude metaanalysis, total rates of pancreatitis in the allopurinol groups
(62 of 579, 10.7%) and the placebo groups (71 of 565,
12.6%) are not statistically different.The allopurinol dosage
and the timing of administration differ among all 3 studies:
600 mg at 15 and 3 h before ERCP in the Katsinelos study,
600 mg at 4 h and 300 mg 1 hour before ERCP in the
Mosler study, and 200 mg at 15 h and 3 h before ERCP in
the Budzynska study.
N-acetylcysteine a free radical scavenger inhibits
capillary endothelial injury mediated by oxygen-derived
free radicals. Two recent studies from Poland and Greece
concluded that N-acetylcysteine failed to demonstrate any
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significant preventive effect on PEP, nor asymptomatic
serum or urine amylase elevations[113,114].
An inhibitor of the platelet activating factor diminished
experimental acute pancreatitis. Unfortunately, human
trials did not indicate any reduction in PEP.
Heparin has a direct inhibitory effect on pancreatic
proteases in both plasma and pancreatic tissue and also
improves pancreatic microcirculation during experimental
pancreatitis. Administration of heparin before the ERCP
appeared to reduce the risk of post-ERCP pancreatitis
without an increased risk of bleeding. Unfortunately,
results from a well-designed prospective randomized
controlled trial in 438 patients found that low-molecular
weight heparin given 2 h before and 22 h after ERCP
did not result in even a trend toward a protective effect
against post-ERCP pancreatitis (8.8% vs 8.1%; P = 0.87);
there also were two episodes of bleeding in the treatment
group[115].
More recently, attempts to block the inflammatory
cascade have been carried out by using an anti-inflammatory
cytokine, recombinant interleukin-10 with encouraging
results in experimental models[116,117]. A randomized trial
that included 144 higher-risk patients undergoing ERCP
found lower rates of pancreatitis in each of two treatment
groups (3% and 5%) vs the control group (11%) (P < 0.05);
the distribution of risk factors was somewhat imbalanced
between the groups [118]. In contrast, another study of
average-risk patients in which a lower dose of IL-10 (8
mcg/kg) was administered failed to demonstrate any
significant difference, or any trend toward a difference, in
the frequency of pancreatitis in treated patients (11%) vs
those given a placebo (9%)[119].
A simple agent for interrupting the inflammatory
cascade, based partly on its ability to inhibit phospholipase-A2, prostaglandins, or endothelial neutrophil
attachment during acute pancreatitis is diclofenac, a
nonsteroidal anti-inflammatory agent. In a prospective,
randomized study of average risk patients, diclofenac given
as a rectal suppository immediately after ERCP decreased
PEP[120]. Another prospective randomized study involving
223 predominantly high-risk patients, the oral diclofenac
form showed no benefit[121].
Reducing sphincter of Oddi post-procedure pressure.
Several agents have been used in an effort to relax the
sphincter of Oddi, promote pancreatic drainage and,
thereby, prevent pancreatitis. Nifedipine, a calcium
channel antagonist, was ineffective in two randomized
control trials in average risk patients[122,123]. A topical spray
of lidocaine on the papilla has been proposed to have
a relaxing effect, but a randomized trial in average-risk
patients did not demonstrate efficacy[124]. Nitroglycerine
was used in an attempt to relax the sphincter of Oddi,
facilitate cannulation, and prevent PEP. The results
with nitroglycerine in two randomized trials were more
encouraging. In one study, 186 patients at average risk for
pancreatitis were randomized to sublingual nitroglycerine
or placebo before ERCP, and a significant reduction
in the frequency of pancreatitis was observed in the
nitroglycerine group (7.7% vs 17.8%; P < 0.05); the drug
was primarily effective in patients undergoing diagnostic
ERCP and in those who had cholangiography alone, which
www.wjgnet.com

2664

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

Table 2 Pharmacalogical prevention of post-ERCP pancreatitis:
targeted mechanisms, drug tested, quality of evidence, and
1
overall results
Mechanism

Drug

Evidence Average risk
patients

High risk
patients

Sphincter
spasm

Ca++ channel
blocker
Lidocaine
(topical)
Nitroglycerine

B

Ineffective

No data

B

Ineffective

No data

B

Antibiotics
Nonionic
contrast
Toxicity
Corticosteroids
Inflammatory Allopurinol
PAF inhibitors
Cascade
IL-10
Heparin
derivatives
NSAID
Gabexate

B
A

Possibly effective Ineffective
in high dose
Possible effective No data
Ineffective
Ineffective

A
B
A
B
A

Ineffective
Ineffective
Ineffective
Ineffective
Ineffective

Ineffective
Ineffective
Ineffective
Ineffective
Ineffective

B
A

Possibly effective
Ineffective (≤ 6 h
infusion)
Effective (12-h
infusion)
Ineffective
Ineffective (≤ 6-h
infusion)
Possibly effective
(12-24 h infusion)

No data
Ineffective

Infection
Contrast

A
Pancreatic
secretions

Octreotide
Somatostatin

A
A
B

No data
No data
No data

PAF: Platelet activating factor; IL-10: interleukin 10; NSAID: non-steroidal
anti-inflammatory drug. The level of evidence was graded by using a system
adapted from Cook et al 17 as follows: Grade A supported by two or more
randomized trials with P values < 0.05, appropriate methodology, and no
conflicting results in the trials; Grade B supported by randomized trials with
P values > 0.05, and/or inappropriate methodology, and/or inadequate
sample sizes, and/or conflicting results among the trials; Grade C supported
by non-randomized trials. 1Adapted from Freeman and Guda[5].

generally is of low risk[125]. In the other study, 144 patients
at average risk were randomized to a nitroglycerine patch
or a placebo[126]. There was a significant reduction in the
frequency of pancreatitis in the nitroglycerine group (4%
vs 15%; P = 0.03) and by multivariate analysis treatment
with nitroglycerine was independently significant.
Problems with both of these studies include background
rates of pancreatitis in the control groups that seemed
unusually high for low-to average-risk patient groups and
limited assessment of efficacy in high-risk patients. A
recent prospective, randomized, placebo-controlled trial
of transdermal glyceryl trinitrate involving 318 patients did
not show any improvement in the rate of success in ERCP
cannulation or prevention of PEP in either average or
high-risk patient groups[127].
Reducing the risk of post-procedure infection.
Administration of antibiotics was postulated by one
g roup of investig ators to prevent pancreatitis by
limiting secondary infection. A single randomized trial
in 321 predominantly average risk patients compared
prophylactically administered ceftazidime to placebo:
the frequency of PEP was significantly lower in the
antibiotics-treated group (2.6% vs 9.4%; P = 0.009), a
finding sustained in a multivariate analysis with a limited
number of potentially confounding variables[128]. There has
been no confirmatory study of this intriguing hypothesis.
According to the guidelines of the European Society of
www.wjgnet.com
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Table 3 Suggested strategies for avoiding post-ERCP pancreatitis
Risk factors

Recommendations

Suspected SOD (sphincter
of Oddi manometry is to be
performed)

- Usage of an aspirating catheter technique
is strongly recommended, particularly for
pancreatic manometry.
- Stent the pancreas after.
- Do in high volume referral centers.
Difficult cannulation
- Once cannulation is begun, traumatic
manipulation of the papilla should be
kept to a minimum.
- Placement of a pancreatic stents to assist
biliary cannulation, should be considered.
Pre-cut sphincterotomy
- Should be used for biliary access only
if the indication for therapy is relatively
clear and the endoscopist is experienced
in pre-cut techniques.
- Strongly consider placement of
temporary pancreatic stent before or after
cutting.
During traction biliary and
- Biliary sphincterotomy should be
pancreatic sphincterotomy
oriented toward the region from 11:00 to
1:00 o’clock on the papilla (i.e., away from
the pancreatic orifice).
- Consider use of pure-cut current for
pancreatic ES.
Balloon dilation of the intact - Should be avoided in routine practice,
biliary sphincter for stone
unless the risk of sphincterotomy is
extraction
unusually high (e.g., patients with severe
coagulopathy).
- Stent the pancreas after.
Biliary stents
- Generally should not be placed through
an intact biliary sphincter in patients with
suspected SOD
- When placing a plastic biliary stent > 7F
for any reason, consider biliary ES first, to
help prevent pancreatic orifice occlusion.
Pancreatic brush cytology
- Consider temporary pancreatic stent
placement.
Patients with hilar tumors
- Biliary sphincterotomy is recommended
before placement of transpapillary biliary
stents.
Pancreatic duct injection
- Pancreatic injection should be avoided
if the indication for ERCP pertains to the
biliary tract alone.
and/or Pancreatic
- Avoid filling of the body and tail of the
pancreas unless clinically needed.
acinarization
- Over injection (acinarization) of the
pancreas should be avoided.
- Use guidewire to aid view of duct
entered (instead of repeat dye injection.
- Limit pancreatic filling in obese patients
or other settings with suboptimal
fluoroscopic viewing.
High risk patients (normal
- Consider non-invasive imaging
serum bilirubin, female
techniques such as MRCP, EUS, or
gender, recurrent abdominal laparoscopic cholecystectomy with intrapain, absence of biliary
operative cholangiography.
dilatation, conditions
- Once a decision for ERCP need is made,
suggesting possible sphincter the endoscopist should assess the risk
of Oddi dysfunction, prior
profile of the patient and plan maneuvers
post-ERCP pancreatitis,
and modify technique accordingly.
recurrent pancreatitis or
- Consider referral to a high volume
absent chronic pancreatitis)
centers with the capability to reliably
place protective small caliber pancreatic
stents

Gastrointestinal Endoscopy [129], antibiotic prophylaxis
is recommended even in average risk patients in the
case of therapeutic retrograde cholangiopancreatograp
hy. However, the American Society of Gastrointestinal
Endoscopy does not recommend prophylactic antibiotics
for average risk patients (Table 2).

CAPSULE SUMMARY
Which test for early prediction of PEP?
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Although, no single available test has been shown to be
100% reliable, serum amylase or lipase levels at 2-4 h
greater than 4-5 times the URL in conjunction with clinical
assessment are practical predictors. We request these tests
mainly the morning after ERCP on hospitalized patients.
We do not routinely draw post-ERCP inflammatory
markers.
Which prophylactic medical therapy?
At present there are no drugs in widespread use among
those drugs mentioned above. A strategy of routine
chemoprevention in average risk patients would require
a low cost agent to be cost-effective. However, a strategy
of chemoprevention only in high-risk cases could more
readily be cost-effective, but up to now no drug has been
definitely proven effective. Somatostatin and gabexate (not
available in USA) six-hour infusion, suppository diclofenac
and high dose transdermal or sublingual glyceryl trinitrate
appear promising but need further studies in high- and
low-risk patients.
Suggested strategies for avoiding post-ERCP pancreatitis
They are shown in Table 3.
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Abstract
Over the past 5 years there has been a rapid increase
in the use of microarray technology in the field of
cancer research. The majority of studies use microarray
analysis of tumor biopsies for profiling of molecular
characteristics in an attempt to produce robust classifiers
for prognosis. There are now several published gene
sets that have been shown to predict for aggressive
forms of breast cancer, where patients are most likely to
benefit from adjuvant chemotherapy and tumors most
likely to develop distant metastases, or be resistant
to treatment. The number of publications relating to
the use of microarrays for analysis of normal tissue
damage, after cancer treatment or genotoxic exposure,
is much more limited. A PubMed literature search was
conducted using the following keywords and combination
of terms: radiation, normal tissue, microarray, gene
expression profiling, prediction. With respect to normal
tissue radiation injury, microarrays have been used in
three ways: (1) to generate gene signatures to identify
sensitive and resistant populations (prognosis); (2) to
identify sets of biomarker genes for estimating radiation
exposure, either accidental or as a result of terrorist
attack (diagnosis); (3) to identify genes and pathways
involved in tissue response to injury (mechanistic).
In this article we will review all (relevant) papers that
covered our literature search criteria on microarray
technology as it has been applied to normal tissue
radiation biology and discuss how successful this has
been in defining predisposition markers for radiation
sensitivity or how it has helped us to unravel molecular
mechanisms leading to acute and late tissue toxicity.
We also discuss some of the problems and limitations in
application and interpretation of such data.
© 2007 The WJG Press. All rights reserved.
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MICROARRAYS FOR PREDICTION OF
RADIOSENSITIVITY AND NORMAL TISSUE
TOXICITY
The maximum dose of radiotherapy that can be given
during cancer therapy is determined by the tolerance of
normal tissues within the irradiation field. Patients vary
considerably in their responses to radiation and it is the
tolerance of the more sensitive subjects that limits the
dose that can be given to the population as a whole; this
may limit the chance of tumor cure in some cases. At least
some of this variation in tissue response is genetically
deter mined, which has stimulated research into the
identification of those patients who are most susceptible
to radiation damage, working towards individualization
of dose prescription according to patient sensitivity[1-3].
The use of microarray technology to generate gene
signatures for this purpose is a natural extension of earlier
studies comparing radiosensitivity of cells (e.g. fibroblasts)
from patients exhibiting severe and mild tissue damage.
Although some of these studies did establish a correlation
between in vitro radiosensitivity (clonogenic cell kill) and
late normal tissue damage [4,5] , larger studies failed to
confirm such an association[6,7]. It is now widely recognized
that clonogenic radiation sensitivity cannot fully explain
the complex development of radiation injury, especially
late damage. Radiation induces an orchestrated response
cascade at both the cellular and tissue level. This response
involves differential regulation of many cytokine cascades,
which together have a profound impact on the resultant
normal tissue damage.
There are now several studies in which microarray
analyses have been applied to lymphoblastic or fibroblastic
cells obtained from cancer patients undergoing
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radiotherapy and ir radiated in vitr o. Early studies
established that the technique could be used to identify
sets of genes that were differentially expressed, in a doserelated fashion, at 1-3 d after ex-vivo irradiation[8,9]. Later
studies assigned differentially expressed genes to functional
groups, based on gene ontology (GO) terms in an attempt
to identify pathways involved in the cellular response to
ionizing radiation [1,10,11]. The majority of these studies
did not attempt to link expression profiles of individual
patients to the risk of radiation-induced damage, although
some did investigate the relationship of expression profiles
to known radiation sensitivity or cancer pre-disposition
syndromes, like AT or BRCA1[12,13].
Only 4 studies have applied microarray analyses to
compare expression profiles from patients with severe
versus mild normal tissue damage after radiotherapy, in
an attempt to build a predictive classifier. The first small
study[14] used cytokine arrays from Atlas Clontech (with
268 transcripts spotted), to analyze base-line profiles of
fibroblasts obtained from three breast cancer patients with
minimal or no fibrosis after radiotherapy and three patients
with severe fibrosis. All biopsies were taken from a site
well away from the irradiation field, in order to investigate
genetic factors rather than radiation induced factors
relating to radiation sensitivity. Only minor differences
between the two groups were found for expression levels
of housekeeping genes, but 9 of the cytokine-receptor
transcripts were differentially expressed between the severe
and mild responders (subsequently confirmed by PCR
analysis). Although interesting, this study was too small to
generate a cytotoxic profile that could be used to predict
patients at increased risk of development of late radiation
fibrosis.
Another small clinical study was carried out in 5 head
and neck cancer patients, to determine whether changes in
gene expression in peripheral blood cells could be detected
as patients progressed through a course of chemoradiotherapy, and whether these changes could be related
to the development of toxicity [15]. Expression profiles
were generated from samples obtained before and twoweeks after the start of treatment. A database of genes
over-expressed at 2 wk was created and their potential
significance to toxicity was evaluated by canonical pathway
analysis (using the Ingenuity Pathway Analysis library).
Fourteen pathways, including inflammatory pathways
like NFκB, IL-6 and VEGF signaling, were identified
from analysis of circulating lymphocytes as being most
relevant to the observed local toxicity. Although the
sample size was small, the results from this study show
that genetic changes induced by chemo-radiotherapy can
be determined using peripheral blood cells and that these
changes correlated with the clinical development of nonhematological, acute toxicity within the irradiation field.
In a larger study Rieger and colleagues used gene
expression profiling after ex vivo irradiation to predict acute
radiation toxicity in a diverse group of irradiated cancer
patients [16]. They established lymphoblastoid cell lines
from 14 patients who suffered severe acute toxicity and 13
patients with very mild toxicity and compared expression
profiles at 4 h after 4 Gy. Significance Analysis of
Microarrays (SAM) and nearest shrunken centroid (NSC)
www.wjgnet.com
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analyses were used to identify a set of 24 genes that were
predictive for radiation toxicity. This classifier was able to
identify 9 of the 14 over-responders (64%), with no false
positives. Two of the patients with severe toxicity that were
not identified were at risk from their aggressive treatment
protocols and may well have been correctly assigned to the
“normal response” group.
In a similar study, Svensson and colleagues used blood
samples from 21 prostate cancer patients who developed
severe late complications after radiotherapy and 17 patients
without symptoms[17]. The lymphocytes were stimulated to
divide ex vivo and irradiated (2 Gy) or sham treated (0 Gy)
before analyzing expression profiles 24 h later. Profiles
for radiation-induced genes were used to build a classifier
for late radiation toxicity, based on expression levels of
individual genes or sets of functionally or structurally
related genes (using GO terminology). The classifier based
on individual gene expression was able to correctly classify
63% patients (remarkably similar to the result obtained
by Rieger and colleagues[16], whereas the gene set classifier
was 86% accurate for the group as a whole. However, on
an individual patient basis, only 55% patients could be
correctly classified with a high degree of certainty.
These two studies clearly demonstrated a relationship
between gene expression profiles for lymphocytes
irradiated ex vivo and development of acute or late radiation
injury. With further optimization such an approach may
eventually be used to predict susceptibility to toxicity in
individual cancer patients and identify those most at risk
so that treatment schedules could be adjusted accordingly.

MICROARRAYS FOR UNRAVELLING
MOLECULAR PATHWAYS INVOLVED IN
ACUTE RADIATION TOXICITY, BEFORE
THE ONSET OF TISSUE DAMAGE
A few experimental studies have used microarray analyses to study acute changes in gene expression during the
first few days after in vivo irradiation of normal tissues i.e.
before the onset of pathological tissue changes. In these
studies, RNA extracts were made from whole tissue homogenates, not individual cell types as described in the
above clinical studies. Whereas all were able to generate
lists of differentially expressed genes, it was often difficult
to extract biologically relevant information and most studies failed to identify new mechanistic pathways relating
to the development of radiation injury in the tissues. The
first such study evaluated overall gene expression profiles
of irradiated mucosal tissue harvested from hamster cheek
pouches at 1 h to 10 d after 35 Gy[18]. A group of 10 genes
showed early upregulation (within 8 h), followed by delayed
expression of other genes at later time points. Although
some attempt was made to interpret the likely function of
these genes in relation to the developing mucositis, no new
mechanistic insights could be drawn from this study. There
was also very little overlap between the microarray results
and PCR data on a specific target group of genes.
Three experimental studies have used microarray
analyses to investigate early changes in gene expression

Kruse JJCM et al. Gene arrays and radiation induced normal tissue response

in irradiated mouse brain. One study showed that very
low doses of 0.1 and 2.0 Gy total body irradiation (TBI)
induced expression of genes involved in protective repair
functions and downregulated genes involved in neural
signaling within 4 h[19]. Higher doses (2-20 Gy) were also
associated with differential gene expression 5 h after
whole brain irradiation[20]. Although there was very limited
overlap between the genes identified in these two studies,
different array platforms and analysis methods were used
and it is difficult to draw general conclusions regarding
mechanisms of early response to ionizing radiation in
the brain. A third study showed early differential gene
expression in both brain and kidneys at 8 and 24 h after
TBI doses of 10 Gy. However, expression profiles were
completely different in the two tissues, suggesting that
tissue specific, rather than general stress response pathways
may be activated[21].

MICROARRAYS FOR UNRAVELLING
MOLECULAR PATHWAYS INVOLVED IN
LATE RADIATION TOXICITY
There are only 5 publications, from 3 different groups, describing the use of microarrays to investigate mechanisms
of delayed radiation fibrosis or vascular damage in normal
tissues[22-26]. Johnston and colleagues compared expression
profiles of irradiated (12.5 Gy) and sham treated (0 Gy)
lung tissue, harvested from fibrosis sensitive or fibrosis
resistant mice during the period of developing fibrosis
(26 wk after thoracic irradiation)[22]. Several inflammatory
chemokines and their receptors were upregulated in irradiated fibrosis prone mice but not in resistant strains.
The increased expression of chemokines that are known
to specifically recruit lymphocytes and macrophages, indicated that chronic inflammatory processes were probably
involved in the fibrotic process in irradiated lungs of sensitive animals. Although 12K Affymetrix oligoarrays were
used in this study, the authors only report expression levels
of the CC chemokines and their receptors.
In our own studies, we used 15K cDNA microarrays
in an attempt to identify time-related changes in gene
expression in irradiated mouse kidney and rectal tissue, in
relation to the onset and development of microvascular
damage[23,24]. In the irradiated kidneys there was significant
differential expression of a relatively small number of
genes (< 0.5% spotted clones) during the period of
development of telangiectasia (10-20 wk), with slightly
more genes being downregulated at later times. In
the rectum, a greater number (> 5%) of genes were
differentially expressed at 10-20 wk after 20 Gy. Only five
known genes and 14 ESTs that were upregulated during
development of telangiectasia were common to both
tissues. These included Jagged1 and KLF5 (Kruppellike factor 5), which are both known to be involved
in vascular development but had not previously been
described in relation to radiation damage. Jagged1 is a
ligand for the Notch receptor, which acts as a control
gene that generally opposes the effects of growth factors
stimulating angiogenic differentiation. It is overexpressed
during repair of mechanical damage to large arteries and
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during the development of fibrotic disease[27,28]. Whether
Jagged1 in irradiated kidney and rectal tissue is acting as
a profibrotic stimulus, or whether it is directly involved
in the development of telangiectasia, is not yet clear.
Functional and histological studies after irradiation of
genetically modified mice with reduced expression of
Jagged1 may help to resolve this issue. KLF5 is normally
downregulated in adult vessels but is overexpressed in
response to vascular injury and it controls expression of
growth factors like platelet derived growth factor and
TGFβ[29]. It has not previously been linked with radiation
injury. These microarray studies therefore identified new
potential targets for intervention in the development of
radiation induced vascular damage.
Only one group has published on the use of microarray
technology to investigate changes in gene expression in
relation to late radiation toxicity in cancer patients[25,26]. In
these studies, gene expression from samples of healthy
bowel were compared with samples from six patients
with radiation enteritis (1-75 mo after radiotherapy), using
either Clontech Atlas 1.2K cDNA arrays or extracellular
matrix (ECM) specific pathway arrays (< 300 genes).
Differential expression was found in 8% of genes studied.
Samples from patients with radiation enteritis generally
had increased expression of genes coding for proteins
involved in composition and remodeling of the ECM
(MMPs, TIMPs and collagensⅠ, Ⅲ, Ⅳ, Ⅵ and Ⅷ) and
the Rho/Rock signaling pathway, which is implicated in
tissue contraction and myofibroblast transdifferentiation.
This increase was correlated with the degree of infiltration
of the mucosa by inflammatory cells and the presence of
differentiated mesanchymal cells in the submucosa. Genes
involved in stress responses, antioxidant metabolism and
inflammation, were also differentially expressed. The
results from these studies suggest that radiation enteritis
is a dynamic process, involving remodeling of structural
components in the mucosa, with a balance towards
fibrogenesis. Several new pathways (like Rho/Rock) were
identified as participating in the response, in addition to
confirming the involvement of known fibrotic pathways.
In summar y, several experimental systems have
been used for molecular profiling of radiation damage
(including cell cultures, animal models and human samples)
and some useful discoveries have been made. However,
there are significant technical challenges associated with
interpretation of expression profiling data and some
obstacles remain to be overcome (see below).

HETEROGENEITY
Quantitative analysis of genes, while very informative,
may not always be able to unravel the entire complexity of
tissue damage processes in vivo. Radiation-induced normal
tissue damage involves many different cell types and the
composition of the tissue is likely to change as a result
of radiation damage, especially at longer follow up times.
There will, for example, be more inflammatory cells and
more fibrotic tissue present after irradiation and cells from
each population will be at various levels of activation,
responding in different ways and to varying extents. The
measured response will be a combination of multiple
www.wjgnet.com
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factors, including gene expression changes in dying cells
due to treatment and adaptive changes in surviving cells.
As a consequence, changes in expression of relevant genes
in target cells may be masked or diluted by the changes
expression within the surrounding cells. Compensatory
changes in other more abundant cell types may also
negate any changes in the target cell. Thus, heterogeneity
complicates the ability to draw conclusions about specific
processes occurring within a tissue and interpretation of
data in terms of mechanistic effects must therefore be
done with caution when using material from whole tissue.
It should be noted, however, that some biological
conditions can be understood only in the context of
these heterogeneous cell populations[30]. For example, to
investigate a process characterized by an inflammatory
response, it must be understood that the inflammatory
infiltrate is part of the process and thus part of the
relevant difference in expression between irradiated
and sham irradiated tissue. Identifying transcriptional
responses using in vitro cell cultures may lead to spurious
conclusions being drawn, since gene expression profiling
may be limited to the model system employed, under
specific conditions that may not necessarily extrapolate to
different conditions or to the in vivo situation. Being able to
measure gene expression profiles in individual target cells
or cell types, by using laser capture microdissection (LCM)
of tissues would be more desirable in this case[31,32]. In
addition, verification using in situ hybridization of whole
tissue samples would validate the results and provide
spatial information.
Since proteins, as opposed to mRNA, represent the
functional effectors of radiation induced normal tissue
response and thus serve as therapeutic targets, integrating
immunohistochemistry with gene expression approaches
will provide additional insight into the most useful markers
that warrant further investigation. It should be realized,
however, that high quality antibodies are not always
available for specific proteins of interest.

CROSS PLATFORM COMPARISON
While individual microar ray studies can be highly
informative, there are inconsistencies between various
microarray platforms, making it almost impossible to
compare independently obtained data sets addressing
the same biological problem[33]. One of the difficulties
in the cross-platform comparison of microarray data is
to ascertain that probes on different platforms for the
same gene do in fact quantify the same mRNA transcript.
For the 6 years during which microarrays were available
commercially, probe sequence infor mation was not
provided[34]. Users had to trust the manufacturer that a
given probe actually quantified a specific transcript. In
reality, many arrays used a substantial number of incorrect
probes (wrong clones or misidentified ones) and a
surprisingly large portion of the probes was not present in
high-quality sequence databases such as RefSeq[35-40]. Apart
from probe design issues, the discrepancies between an
intended probe sequence and the actual sequence spotted
on the microarray also deserve some attention. As our
understanding of sequences and splice variants increased,
www.wjgnet.com
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probes have been eliminated or redesigned. Unfortunately,
this had the undesirable side effect that data sets obtained
on different generations of arrays could not be combined
easily. This is much more of a problem for mechanistic
than for profiling studies.

INTERPRETATION OF THE DATA
Data analysis and interpretation are essential elements in
gene expression profiling and various approaches have
been developed. Traditional strategies for gene expression
analysis have focused on identifying genes that exhibit
differences between two states of interest. Regardless of
the methods used to select these genes (e.g. fold-changes
or statistical significance), investigators are left with long
lists of differentially expressed genes without knowing the
biological relevance. This illustrates the large gap between
our ability to collect data and to interpret the results. In
response to this, some investigators try to attach some
sort of conclusion to their microarray studies by selecting
a few (known) genes for further investigation; this is
more driven by the investigator’s area of expertise than
based on biological relevance. Moreover, the biological
processes suggested to be involved often turn out to be
so specific that they undermine the rationale for using
global microarrays. Questions in which the expression of
only one or a few genes, or a specific biological pathway,
is concerned could be better addressed using other
techniques, such as quantitative real time PCR or pathwayspecific arrays.
Genome-wide profiling has moved well beyond the
simple goal of identifying a few genes of interest and the
common task is to translate lists of genes into a better
understanding of the biological pathways involved. The
work of the Gene Ontology (GO) Consortium provides
a way to address this. The GO project (http://www.
geneontology.org) is a collaborative effort to construct
and use ontologies to facilitate the biologically meaningful
annotations of genes and their products in a wide variety
of organisms, by organizing genes into three key categories
based on biological processes, molecular function and
(sub) cellular localization[41-45]. The development of GOs
allows investigators to look for trends in the data, by
identifying changes in genes that share biological function.
The last few years have seen an explosion in the
development of tools that can be used to derive biological
relevance. The approach aims at establishing gene networks
by integrating microarray data (analysis of differentially
expressed genes) with array-independent analyses (e.g.
literature references, protein interactions). Some applications
that make use of this information and allow batch wise
loading of the gene lists include FATIGO (http://fatigo.
bioinfo.cnio.es[46]), GoMiner (http://discover.nci.nih.gov/
gominer[47,48]) and the recent analysis software DAVID/
EASE (http://david.abcc.ncifcrf.gov[49,50]). Each of these
methods suffers from some limitation, since they fail to
detect biological processes that are distributed across the
entire network of genes and subtle changes at the level of
individual genes. However, in spite of the limitations, this
represents a much better approach than the manual retrieval
of annotation on a gene-by-gene basis, which was the only
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alternative in the past.
Assuming that gene expression changes can be better
detected at the level of co-regulated genes rather than
individual genes, Subramanian and colleagues devised
a new user-friendly multiplatform software tool called
Gene Set Enrichment Analysis (GSEA) [51,52] . Rather
than focusing on individual genes (which can be poorly
annotated and may not be reproducible), researchers focus
on gene sets. These are defined based on prior biological
knowledge e.g. published information on biochemical
pathways or co expression in previous experiments. All
genes can be ordered in a ranked list L, according to their
differential expression between the classes. Given an a priori
defined set of genes S (e.g. genes sharing the same GO
category), the goal of GSEA is to determine whether the
members of S are randomly distributed throughout the list
L or primarily found at the top or bottom. We expect that
sets related to the phenotypic distinction will tend to show
the latter distribution.
GSEA features a number of advantag es when
compared with single gene methods. First, it considers all
genes spotted on an array or in an experiment, not only
those above an arbitrary cutoff in terms of fold-change
or significance. It detects modest but coordinate changes
in expression of groups of functionally related genes, and
it facilitates the interpretation of large-scale experiments
by identifying pathways and processes in an unbiased way.
GSEA makes it easier to compare independently obtained
datasets addressing the same biological problem, regardless
of whether the same microarray platforms are used.
Although subsequent analysis suggested that the statistical
tools used in GSEA may be biased toward assigning
higher enrichment scores to genes sets of large sizes[53], the
program expands the potential for discovery of important
process related genes in a give data set.
In conclusion, evaluation of microarray techniques
indicates that they have advanced to a point where the
question-driven profiling research has become a feasible
complement to the conventional, hypothesis-driven
research. Despite the limitations of data interpretation
by understanding issues of tissue heterogeneity, and
perfor ming confor mational studies in alter native
platforms, gene expression profiling using microarrays
represents a revolutionary technology. The limitations
mentioned previously are not intended to discourage the
application of gene expression profiling technologies to
mechanistic or predictive assay development, but rather
to guide experiments that will produce more useful and
interpretable data in the near future.
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Abstract
Recent advances in cell and molecular radiobiology
clearly showed that tissue response to radiation injury
cannot be restricted to a simple cell-killing process, but
depends upon continuous and integrated pathogenic
processes, involving cell differentiation and crosstalk
between the various cellular components of the tissue
within the extracellular matrix. Thus, the prior concept of
primary cell target in which a single-cell type (whatever
it’s epithelial or endothelial cells) dictates the whole
tissue response to radiation injury has to be replaced
by the occurrence of coordinated multicellular response
that may either lead to tissue recovery or to sequel
development. In this context, the present review will
focus on the maintenance of the radiation-induced
wound healing and fibrogenic signals triggered by and
through the microenvironment toward the mesenchymal
cell compartment, and will highlight how sequential and
sustained modifications in cell phenotypes will in cascade
modify cell-to-cell interactions and tissue composition.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Treatment of tumor by radiation therapy faces a crucial
dilemma that is delivering sufficient radiation rate for
tumor cure, while limiting, as far as possible, normal tissue
exposure and injury. Despite the recent sophisticated
irradiation modalities development, as 3D-conformal or
intensity-modulated radiation therapy, increased radiation
ballistic performance in pelvic and abdominal cancer
treatment[1], the intestine remains a major dose-limiting
organ. Indeed, chronic gastro-intestinal side effects
(diarrhea, fecal urgency, proctitis, bleeding, fistula, etc.)
affect the daily quality of life of 6% to 78% patients[2].
Moreover, 5% to 10% of patients will develop severe
intestinal toxicity mainly characterized by intestinal
narrowing and transmural fibrosis leading to obstruction[3].
Excessive deposition of collagens and extracellular
matrix components in the submucosa induces the loss of
compliance of the mucosa over the muscularis propria required
for aboral propulsion. In addition, thickening of the
intestinal wall contributes to stricture formation. Globally,
this loss of compliance and the stricture formation
lead to intestinal obstruction [4]. Although antioxidantbased anti-fibrotic treatments have been proposed to
patients, including the combination of pentoxifylline
and tocopherol [5,6], their efficacy in delayed radiationinduced intestinal toxicity is disputed [7] and surgical
resection remains today the only therapeutic option
for patients with delayed radiation enteropathy. These
inconsistent clinical reports add confusion to the old, yet
unresolved controversy about the reversibility of radiation
fibrosis[8]. Thus, one challenge for translational research in
radiopathology/radiotherapy is to characterize the specific
molecular mechanisms and cellular contributions involved
in the maintenance of fibrosis to define efficient curative
strategies. We will see in the present review that contrary to
the conventional wisdom, severe fibrotic lesions observed
in human radiation enteropathy are highly dynamic[9,10],
thus opening real perspective for therapeutic interventions.
These curative strategies are particularly relevant in
oncololog y as they won’t interfere with anti-cancer
treatments and would be applicable to treat established
radiation injury in case of radiation accidents or acts of
terrorism[11].
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RADIATION-INDUCED INTESTINAL
FIBROSIS: THE PATHOLOGIST DEFINITION
The main pathological feature of delayed radiation toxicity
is the transmural fibrosis consisting of severe deposition
of extracellular matrix component within the mucosa,
submucosa, muscularis propria and subserosa (Figure 1). The
number of crypts is reduced and a collagenous infiltration
in the lamina propria is observed. Around the microvessels,
accumulation of inflammator y cells sug gesting an
increased vascular permeability likely caused by endothelial
cell damages. The muscularis mucosa is thickened with zones
of complete disruption with infiltration of muscular-like
structures within the submucosa. Submucosal layers always
exhibit an altered but heterogeneous morphology. Some
zones are composed of dense cords of collagen fibers
with few fibroblasts whereas others are edematous or
contained fibrosis-related fibroblasts and inflammatory
cells located around hyalinized vessels with interlaced
fibers. The muscularis propria is thickened and dystrophic
with infiltration of connective septa. The Auerbach plexus,
located between the circular and longitudinal muscular
layers, are mostly hypertrophied. The subserosa also revealed
a severe heterogeneous fibrosis containing newly formed
microvessels, myofibroblasts, inflammatory cells, and
paucicellular zones composed of stromal accumulation.
More than 30 years ago the World Health Organization
proposed to define fibrosis “as the presence of excess
collagen due to new fiber formation”[12]. The same is true
for radiation fibrosis that was classically considered as a
chronic and progressive process in which normal tissue is
replaced by fixed and irreversible fibrotic tissue. This view
has however been challenged and fibrosis has been recently
redefined as a dynamic process resembling chronic wound
healing[9,10,13].

THE INITIATION OF THE FIBROGENIC
PROCESS: WHO IS GUILTY? OR THROUGH
A MULTICOMPONENT AND INTEGRATED
VISION OF THE PATHOGENESIS
The pathophysiological mechanisms of acute intestinal
lesions after irradiation have been well investigated but
the mechanisms underlying delayed radiation-induced
intestinal complications and the precise sequence of
cellular and molecular events that initiates fibrogenesis
are still discussed. Classical radiobiological views presents
radiation-induced tissue injury as the direct consequence
of DNA damages and cell death induction in target cells,
meaning that the severity of tissue damages would be
directly related to cell depletion during the acute phase.
In murine models of acute gastrointestinal syndromes,
the injury has been mainly attributed to apoptosis and
depletion of both microvascular endothelial cells[14] and
epithelial stem cells[15]. The primary role of the vascular
compartment in triggering radiation-induced normal tissue
damages was introduced more than 40 years ago by Rubin
and Casarett [16]. Endothelial cell dysfunctions precede
other cell-type response as well as fibrin deposition. In
www.wjgnet.com
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Figure 1 A: Resection of human intestine with radiation-induced fibrosis; B: Bright
field photomicrograph showing transmural collagen accumulation as green stain in
human radiation enteropathy after Masson’s trichrome staining.

addition, peri-vascular edema always precedes collagen
accumulation [17]. This vascular hypothesis represents a
matter of debate because the endothelial compartment
was seen as a single entity. The detractors of the vascular
hypothesis argued that if endothelial cells were at the
initiation of late damages the relationship between
radiation dose and tissue lesion should be similar in all
organs[18]. Today, the progress made in cell biology clearly
demonstrate that endothelial cell phenotype depends
upon the vessel type (artery, veins, micro-vessels) and the
tissue[19]. These observations suggest that the biological
effects of irradiation on endothelial cells might be tissue
specific. Although specific responses of endothelial cells
isolated from various tissues to ionizing radiation remains
to be studied, their role in normal tissue response to
radiation-injury is today undisputable.
In rodents, acute mucosal damage is required for the
development of delayed intestinal complications [20,21].
These observations suggest that acute mucosal lesions
contributed to late toxicity[22] and lead to the idea that
increasing the pool of epithelial cells before irradiation
would improve acute damages and inhibit the development
of late injury[22]. This hypothesis has been fully validated
in experimental models using mucosal trophic growth
factors like KGF[23,24] and GLP-2[25]. Yet, the use of trophic
factors faced a crucial problem in cancer patient related
to their stimulatory action on tumor growth [26,27]. The
functional consequences of radiation-induced epithelial
depletion are probably far beyond the barrier function.
One indirect consequence of the epithelial rupture is the
exposure of the intestinal stroma to luminal flora, involved
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in specific lymphocyte T helper (TH) polarization. The
role of TH orientation and the local production of specific
cytokines associated with this polarization have been well
investigated. On the one hand TH1 orientation, notably
characterized by the secretion of interferon γ, is associated
with resolution of the wound healing process. On the
other hand TH2 orientation, characterized by the secretion
of IL-4, IL-13 and TGF- β 1, triggers tissue response
toward fibrosis probably mediated by the pro-fibrotic
growth factor: TGF-β1[28-30]. Exposure of intestinal stroma
to bacteria is known to induce a TH1 polarization[29], but in
the lung persistent exposure to bacterial antigens reorients
T H1 polarization toward a T H2 profile suggesting that
chronic epithelial depletion is fibrosis-prone[30]. In addition,
seven days after γ-irradiation (10 Gy) a TH2 orientation has
been described in rats[31], suggesting that a fibrosis-prone
polarization occurs that remains to be fully characterized.
The importance of the immune compartment to intestinal
response to ionizing radiation.
The extrapolation from observations obtained in
rodents to patients probably has to be moderated.
Indeed, whether the consequential component occurs
in radiotherapy patients is more controversial. Whereas,
fractionation protocols significantly minimizes mucosal
damages [32] , late toxicity does occur [33] . In addition,
several clinical reports showed the absence of correlation
between the severity of early lesions and the probability
of late effect development [34-37] . These data sug gest
that delayed tissue response to radiation injury depends
upon continuous and integrated pathogenic processes,
involving cell differentiation and crosstalk between the
various cellular components of the tissue, within the
extracellular matrix [38]. In this context, the role of the
mesenchymal compartment (i.e. in the gut, smooth muscle
cells, submucosa fibroblasts, subepithelial myofibroblasts and
the extracellular matrix) is probably the most indubitable
for the development and the maintenance of fibrosis as
these cells are responsible of the pathological extracellular
matrix accumulation observed in fibrosis.

WHAT DIFFERENTIATION STATUS FOR
THE MESENCHYMAL CELLS IN RADIATION-INDUCED INTESTINAL FIBROSIS?
Radiation-induced intestinal fibrosis is characterized by
the accumulation of extracellular matrix due to a global
deregulation of the synthesis/degradation balance [9,10].
Whether this dynamic remodeling process is a cause
or a consequence of the phenotypic alteration of the
resident mesenchymal cells is not known[33]. However, this
pathological differentiation contributes to the intestinal
loss of function and obstruction. After injury, tissue
regeneration relies on the differentiation capacity of
its resident cells. Thus, understanding the mechanisms
involved in the differentiation of intestinal mesenchymal
cells would provide new insight to design new therapeutic
strategies.
Normal wound healing and fibrosis: the skin as “model
system”
After injury, the loss of dermal homeostasis induces
mechanical tension in the clot. This contractile stress added
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to the secretion of cytokines, such as PDGF, triggers
fibroblast recruitment and their morphological change[39]
into proto-myofibroblasts[40]. Then, the mechanical tension
associated with ED-A fibronectin and TGF‑β1 deposition
induce the differentiation of proto-myofibroblasts into
myofibroblasts. The latters are mainly characterized
by altered cytoskeleton with prominent stress fibers
(composed of α‑Sm actin, myosin, tropomyosin, α-actinin
and filamin), anchored at the cytoplasmic membrane by
molecular complex named the focal adhesion point invitro and the fibronexus in-vivo[41]. These focal adhesion
points connect the actin cytoskeleton to the extracellular
matrix via integrin receptors and control the mechanical
exchanges between the myofibroblats and the extracellular
matrix. Subsequently, contraction of the granulation tissue
occurs and leads to wound healing closure[42,43]. In addition,
myofibroblasts are connected directly to each other
through gap junctions, composed of several hemichannels
containing distinct but functionally related proteins called
connexins[44]. Thus, myofibroblasts might form a syncytial
structure composed of multicellular contractile units.
In summary, the myofibroblastic differentiation is an
intermediate differentiation between fibroblast and smooth
muscle cells and ensured the contraction of the granulation
tissue and the neo-synthesis of the extracellular matrix.
What is known about the mesenchymal cell differentiation
in the intestine?
In the intestine, the mesenchymal compartment is
composed of 3 cell types: the sub-epithelial myofibroblasts,
the submucosal fibroblasts and the smooth muscle cells
of muscularis mucosa and muscularis propria. The respective
contribution of these 3 cell types to fibrosis is not clearly
defined, but the pathological collagen deposition seemed
mainly achieved by smooth muscle cells [45], and their
differentiation profile seemed comparable at the molecular
level[46].
After injury, the differentiation of smooth muscle cells
is characterized by a phenotypic switch from a contractile
function to a secretory activity[47]. This switch is associated
with cytoskeleton modifications defined using the VDA
classification proposed by Gabbiani : Vimentin-Desmin-αsm Actin[48]. In human intestinal radiation-induced fibrosis,
an overall increase in the relative number of cells defined
as fibroblasts/myofibroblasts were detected in the mucosa
(V+/D-/A+) and submucosa (V+/D-/A-/+), differentiated
smooth muscle cells are also found in the hyalinized vessel
wall (V+/D-/A+) and in the dystrophic muscularis propria
(V-/D +/A +) 33. The strong plasticity of smooth muscle
cells allowed profound alterations in their phenotype in
response to changes in local environment[47,49] and in return
these differentiated smooth muscle cells controlled tissue
response.
Terminal differentiation versus immature phenotype
For a long time, the conventional wisdom presented
mesenchymal cell differentiation in radiation-induced
fibrosis as ter minal and thus irreversible [50,51] . This
hypothesis was based on phenotypical characterizations
performed on fibroblasts irradiated in vitro, which exhibit
a premature senescent and pro-secretory phenotype
(extracellular matrix secretion). Thus, necrosis or apoptosis
www.wjgnet.com
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of these fibrosis-activated mesenchymal cells were the
unique solution conceivable to cure fibrosis[13,52].
Further investigation on the characterization of the
fibrogenic differentiation of intestinal smooth muscle cells
isolated from radiation enteropathy suggested another
hypothesis, in which fibrosis-derived intestinal smooth
muscle cells (RE‑SMC) seemed more immature than their
normal counterpart (N‑SMC). The first evidence was
given by cytoskeleton analysis since an alteration of the
γ‑Sm actin/α‑Sm actin ratio was found. Indeed, RE‑SMCs
exhibit higher expression level of the α‑Sm actin than
their normal counterparts whereas the level γ‑Sm actin
remained stable [53] . Because this ratio is an indicator
of intestinal smooth muscle cell differentiation [54] i.e.
increased ratio indicates a differentiated phenotype
whereas decreased ratio reveals immaturity, the profile
found in RE-SMC sug gests the maintenance of an
immature phenotype (Figure 2). This immaturity is further
supported by the comparison study by Beqaj et al[55], who
demonstrated an inverse correlation between smooth
muscle cell differentiation during bronchial myogenesis
and Rho activity: i.e. Rho activity decreased when cells
became mature. In RE-SMC, a global profiling approach
performed by cDNA array revealed a deregulation of the
genes coding for Rho pathway as compared to N‑SMC[53].
Furthermore the Rho pathway is preferentially activated
upon TGF‑β1 stimulation in RE‑SMC[56]. The last evidence
is related to the extracellular matrix composition and in
particular to the secretion of fibronectin. Fibronectin is
known to control the differentiation of smooth muscle
cells in the lung. Indeed, Bequaj et al[55] have been able to
isolate a specific cell-type that spreads on fibronectin and
exhibits an intermediate differentiation status between
mesenchyme precursors and bronchial smooth muscle
cells. These intermediate cells are larger and more spread
than the differentiated lung smooth muscle cells (Figure 2).
Similarly RE‑SMC are more spread and larger than their
normal counterparts (Figure 3A) and secrete high level
www.wjgnet.com

N SMC	

RE SMC

Figure 3 A: Bright field photomicrograph of fibrosis-derived intestinal smooth
muscle cells (RE SMC) and normal cells (N SMC) observed after crystal violet
staining; B: Fibronectin secretion level in RE SMC and N SMC assessed by ELISA
(Chemicon).

of fibronectin (Figure 3B). This immaturity concept has
important clinical implications as it suggests that fibrotic
tissue has high regenerative potential and imply that
fibrosis might be reversible.

MEDIATORS TRIGGERING THE
MAINTENANCE OF MESENCHYMAL
DIFFERENTIATION IN FIBROSIS
If defining the differentiation status of fibrosis-related
cells is essential to investigate the regenerative potential of
irradiated tissue, another important issue is to characterize
the mediators involved in the maintenance of this
pathological phenotype. Numerous actors are involved, yet
we choose to focus on important mediators involved in
the criss-cross relationship between mesenchymal cells and
their micro-environment leading to the establishment of
sequential and chronic activation loops.
TGF‑ β 1 is a pleïotropic cytokine involved in the
regulation of various biological processes including
m a t u r a t i o n o f t h e i m mu n e c e l l s, p r o l i f e r a t i o n ,
differentiation, apoptosis as well as normal and pathological wound healing response[57]. In the context of the
maintenance of fibrosis, one relevant function of TGF-β1
is related to its self-induction ability [58-62] . This autoinduction, mainly triggered by the transcription factor
AP-1, probably constitutes one of the first fibrogenic
activation loops contributing to fibrosis maintenance by
persistent extracellular matrix production and continuous
induction of the fibrogenic differentiation of mesenchymal
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cells (Figure 4A).
CCN2 (also called CTGF) is another relevant growth
factor involved in the maintenance of the fibrogenic
differentiation and in the control of the extracellular matrix
remodeling. In normal tissue, CCN2 is absent or expressed
at extremely low concentration, whereas it is highly and
specifically expressed in established fibrotic tissue [63]
including Crohn disease[64] and intestinal radiation-induced
fibrosis [33]. As TGF‑ β 1, CCN2 exhibits auto-induction
properties constituting another chronic activation loop
particularly relevant for the maintenance of fibrosis as it
seems restricted to fibrosis-derived cells[65] (Figure 4A).
The cooperation between CCN2 and TGF‑β1 constitutes
an additional chronic activation loop: TGF‑ β 1 is one
of the primary inductor of CCN2[66,67] which in return
enhances TGF‑β1 binding to the TGF‑β-type Ⅱ receptor
and increases Smad pathway activation[68] (Figure 4A). Yet,
the mechanisms involved in the sustained and constitutive
expression of CCN2 found in long-term established
fibrosis is rather obscure. Thereby, in delayed radiation
enteropathy[33] and scleroderma[69,70], a paradoxal situation
occurs as in-situ TGF‑β1 deposition is low, whereas CCN2
is highly expressed and correlates with the severity of the
pathology. To explain this paradox, Grotendorst et al[71]
proposed that transient TGF‑β1 induction might trigger
long-term mesenchymal cell differentiation and CCN2
expression, that perpetuates in time without TGF‑β1, but
additional cooperative signals between the cells and their
microenvironment might be involved.
First, the mechanical stress produced by wound
contraction triggered the chronic production of CCN2
by direct transactivation of the CCN2 gene expression[72]
via the stretch-responsive element located in its promoter.
This mechanical stress-induced CCN2 activation occurs
through Rho/Rho kinase (ROCK) pathway activation
and stress fibers polymerization[73] thus generating novel
mechanical stress and subsequent CCN2 activation
(Figure 4B). Second, CCN2 triggers fibronectin oversecretion by fibrosis-derived cells[74]. In return, fibronectin
has a cr ucial role in the maintenance of fibrosis,
acting in combination with CCN2 to sustain CCN2

own expression [75], controlling the extracellular matrix
sequestration of TGF‑ β 1 through its latent complex
LTBP-1/TGF‑β1[76] and playing an essential structural
role in collagen network formation (i.e. polymerization
of the fibrillar collagens type I and Ⅲ). [77,78] Beyond
these direct fibrogenic actions, fibronectin binding to the
[79]
α5β1 and αvβ3 integrins activates the Rho pathway ,
thus increasing the proliferation and differentiation of
the smooth muscle cells[80] and regulating the cytoskeleton
polymerization (Figure 4C). These structural actions
of fibronectin rely on its integ rity, that might be
damaged by the reactive oxygen species produced upon
irradiation (H2O2) and might thus triggered the fibrogenic
differentiation of human lung fibroblasts[81,82].
Interestingly these various chronic activation loops
involved in the sustained expression of CCN2, depend
upon the Rho pathway. Furthermore, despite the high
constitutive expression of CCN2 in fibrosis-derived
cells[46,53,56], the canonical TGF‑β/Smad3/4 pathway is only
poorly activated after stimulation with TGF-β1 in dermal
myofibroblasts [83] and intestinal smooth muscle cells
isolated from radiation fibrosis[56]. Indeed the Smad3/4
pathway is activated in cells derived from normal tissue,
whereas in the fibrosis-derived cells the TGF-β1 signal
is mainly transduced by the Rho/ROCK pathway[56]. The
Rho proteins are small GTPases (from “Ras homologous”)
acting as molecular switches to control a wide range of
cellular functions like cell adhesion, formation of stress
fibers, and cellular contractility through the reorganization
of actin-based cytoskeletal structures. These functions
are accomplished specifically via their effectors, the
ROCKs[84-87], after Rho anchorage to the cell membrane
by prenylation[88]. The anchorage allows cycling between
the inactivated GDP-bound form to the activated GTPbound, also controlled by specific activators/inhibitors: the
GEFs (Guanosine nucleotide exchange factor), the GDI
(Guanine dissociation inhibitors) and the GAP (GTPase
Activating Protein) (for review[84,89,90]). Thus, Rho activity
might be controlled by inhibitors of HMG-CoA reductase
including the statins, that might provide safe and efficient
tools for the development of anti-fibrotic strategies.
www.wjgnet.com
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THERAPEUTIC PERSPECTIVES
The development of curative anti-fibrotic strateg y
is nowadays highly expected by both patients and
physicians[8]. Indeed, the high efficacy of the current anticancer treatments increases patient’s overall survival, but
also increases late complications occurrence especially in
the gut[2]. The development of high-throughput biological
approaches highlighted by the recent concept of cellular
plasticity helps answering this difficult question by the
identification of biologically-based therapeutic targets.
Thus, targeting one central pathway involved in vascular,
immune, and stromal pathogenic response would provide
an efficient anti-fibrotic strategy and thus we propose that
targeting the Rho/ROCK pathway may help to achieve
this aim (Figure 5)[53,56,91,94].
The Rho pathway is known to control vascular
functions [94] mediating endothelial barrier functions,
inflammation and transendothelial leukocyte migration,
platelet activation, thrombosis, and oxidative stress, as well
as the homeostasis of vascular smooth muscle cells[93,95-97].
It also controls immune functions[92] as pharmacological
inhibitors of Rho including the statins modulate
the TH1/TH2 balance thus interfering with chronic
inflammation[92,98]. Consistently, statins (lovastatin) displays
an anti-fibrotic efficacy in a mice model of radiationinduced pulmonary fibrosis[99]. In addition, reversion of
the fibrogenic phenotype of intestinal smooth muscle
cells isolated from human radiation enteropathy was

www.wjgnet.com

Figure 6 A: Fibrosis is a progressive pathology that involves sequential
activation of chronic molecular loops. Gradation of fibrosis severity correlates with
a decreased number of resident cells and decreased the potential of recovery; B:
Impact of prophylactic treatment on the development of fibrosis: early inhibition of
one or few molecular loops would help to preserve the regenerative potential of
the tissue; C: Impact of curative treatment on fibrosis maintenance: inhibition of
one or few chronic loop would help to preserve the regenerative potential of the
tissue thus leading to tissue recovery.

shown using Rho (pravastatin)[56] and ROCK (Y-27632)
inhibitors[53]. These observations open new perspective for
anti-fibrotic therapies by specific inhibition of the Rho/
ROCK pathway.

CONCLUSION
In light of several investigations on the differentiation
status of mesenchymal cells during fibrosis, it appeared
that the secretory phenotype of pathological cells would
be associated to a less maturation compared to such
in normal cells. Thus, the biochemical maintenance of
radiation fibrosis is a complex process that depends upon
continuous and integrated activation loops involving
cell differentiation, and crosstalk between the various
cellular components of the tissue within the matrix [38].
However, the time and kinetic notion has never been
evoked to explain the maintenance of fibrosis. Yet, fibrotic
pathogenesis is progressive and results from successive and

Haydont V� et al. Radiation-induced fibrosis

sequential induction of chronic molecular activation loops.
The evolution of the pathology during time correlates with
a decrease in the cell number present within the tissue[5]
and with a progressive loss of regenerating potential. In
this context, when a new molecular loop is activated, the
severity of fibrosis increases and correlates to decreased
number in the resident cell number (Figure 6A). As a
consequence, both preventive (Figure 6B) and curative
(Figure 6C) therapeutic strategies might be efficient since
inhibition of one or several steps would inhibit fibrosis
evolution and preserve tissue-regenerating potential.
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Abstract
Whether due to therapeutic or belligerent exposure,
the gastrointestinal effects of irradiation produce
symptoms dreaded by a majority of the population.
Nausea, vomiting, diarrhea and abdominal cramping are
hallmarks of the prodromal phase of radiation sickness,
occurring hours to days following radiation exposure.
The prodromal phase is distinct from acute radiation
sickness in that the absorptive, secretory and anatomic
changes associated with radiation damage are not easily
identifiable. It is during this phase of radiation sickness
that gastrointestinal motility significantly changes. In
addition, there is evidence that motor activity of the gut
contributes to some of the acute and chronic effects of
radiation.
© 2007 The WJG Press. All rights reserved.
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GASTROINTESTINAL MOTILITY
The gastrointestinal tract facilitates absorption of ingested
nutrients with specific spatial and temporal patterns of
contractile activity or motility. The contractions mix and
propel ingested food, keep the intestinal tract clear of
debris, secretions and bacteria between meals and, in
special situations, propel intestinal contents rapidly over
great distances. Contractile activity is under myogenic,
www.wjgnet.com

neural and chemical control. Myogenic control refers to the
electrical activity generated by the smooth muscle of the
gut. Electrical control activity (ECA)[1-4] is the omnipresent
rhythmic depolarization of the cell membranes of the
smooth muscle of the small intestine. With neural or
chemical stimulation, membrane depolarization exceeds
an excitation threshold and a contraction results. The
electrical correlate of a contraction is called electrical
response activity (ERA) [1-4]. These bursts of electrical
response activity have a 1:1 relationship with contractions.
Because ERA occurs only during the depolarization phase
of the ECA cycle, the frequency of contractions is limited
to and determined by the frequency of ECA. Neural
and chemical stimulation may not be present during each
depolarization of ECA, and thus contractions then do
not occur at the maximum possible frequency (Figure 1).
Recordings of gastrointestinal motility can either be made
with devices that record physical contractions (manometry
catheter or strain gauges) or motility can be implied from
electrical activity or transit times.
Single dose (938 Gy) in a canine model disrupted
normal electrical patterns[5]. Jejunal myoelectric activity
decreased in frequency, duration and length of migration
o f E R A p o s t p r a n d i a l l y. E C A wa s i r r e g u l a r w i t h
nonuniform morphology and occasionally migrated in
an orad direction. ECA was occasionally uncoupled;
coupling is a phenomenon in which corresponding ECAs
recorded from different areas maintain a consistent time
shift [6]. In spite of these functional abnormalities, the
histology was minimally altered. These changes in electrical
activity suggest a profound change in the physiology of
the smooth muscle as well as the nerves controlling the
muscle.
Gastrointestinal smooth muscle contractile activity can
also be influenced by extrinsic autonomic (parasympathetic
and sympathetic) from the CNS and the intrinsic neurons
of the enteric ner vous system. The stomach, small
intestine and proximal colon derive their parasympathetic
innervation through the vagus nerve which contains
both afferent and efferent fibers. Relative to the intrinsic
enteric neurons, the efferent potion of the vagus is
really quite small; however, each vagal efferent fiber may
influence about 2000 enteric neurons [7,8]. The sensory
component of the vagus nerve is much greater. Sensory
fibers account for 80% of all vagal fibers[9]. Vagal afferents
detect both the mechanical and chemical stimulation of
the small intestine and relay this information centrally
for processing. Sympathetic innervation of the intestine
arises from the thoracic and lumbar spinal nerves. These
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Figure 1 The top electrical tracing illustrates the relationship of intracellularly
recorded myoelectric activity and neurochemical excitation with contractions. In the
absence of neurochemical excitation, the ECA depolarizations do not exceed the
contractile excitation threshold potential. Consequently, no ERA burst is recorded
and no contraction occurs during the first and fourth depolarization. When
neurochemical stimulation occurs, ECA depolarization exceeds the excitation
threshold, an ERA burst occurs and the smooth muscle contracts (cycle 2, 3 and 5).
The extracellular electrode recordings are shown in the last tracing and record the
follow of currents from a large numbers of smooth muscle cells. The relationship
between ECA, neurochemical excitation ERA and contractions is the same
as with intracellular recordings. (From Sarna, SK: In vivo myoelectric activity:
Methods, analysis and interpretation. In Wood JD (ed): Handbook of Physiology: A
Critical, Comprehensive Presentation of Physiological Knowledge and Concepts.
Bethesda, MD, American Physiological Society, 1989: 817-863).

nerves pass through the paravertebral ganglia and form
the splanchnic nerves, which go to the prevertebral ganglia
the celiac, superior mesenteric and inferior mesenteric.
Within these ganglia, cell bodies receive synaptic input
from interganglionic mesenteric neurons. These ganglia
intercommunicate and relay sensory information from the
gut to the central nervous system, allowing interactions
between different areas of the gut. The stimulation of
vagus fibers produces contractile activity within the upper
small intestine [7,9] while stimulation of the mesenteric
sympathetic nerves inhibit small intestinal contractions[10].
The enteric nervous system, or the “little brain” of
the gut[11], consists of an intricately coordinated network
composed of all neurons having their cell bodies within
the bowel wall. Though less well studied than the central
nervous system, the enteric nervous system is quite
complicated and contains nearly as many neurons as
the CNS[12]. The myenteric plexus, located between the
longitudinal and circular muscle layers, integrates sensory,
extrinsic and enteric neural information and is thought
to control gastrointestinal motility. Chemical control
involves the stimulation or inhibition of smooth muscle
contractile activity by humoral substances[2] that may act
either through neurocrine, paracrine or endocrine mode.
Examples of these regulatory substances include serotonin,
histamine, opioids, cholecystokinin, motilin, somatostatin,
vasoactive intestinal peptide (VIP) and substance P. These
and many other putative neuroregulatory substances
administered exogenously can modulate contractile
activity within the small intestine. Prostaglandins may also
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contribute to the severity illness, histological injury and
changes in small intestinal myoelectric activity induced by
irradiation[13]. A major component of the excitatory neural
input to the gut is cholinergic; VIP is an inhibitory neural
transmitter; substance P is an excitatory peptide, peptide
YY (PYY), an endocrine peptide, is elevated in the serum
following a meal, and motilin, another endocrine peptide,
cycles in the fasted state with the MMC. In a canine
model during fractionated irradiation, cholinergic activity
increased in some segments of the small bowel and colon
and remained unchanged in other regions [14]. VIP and
substance P tissue levels increased while tissue motilin
levels decreased after radiation exposure. Colonic tissue
PYY levels remained unchanged but serum PYY levels
decreased after irradiation. These differences suggest that
there are variations in the sensitivity of gut endocrine cells
to irradiation. Radiation also increased the plasma levels
of substance P while altering binding sites and contractile
activity in a rat model[15]. There is an intimate relationship
between the immune system of the gut and the enteric
nervous system that may extend to the motor activity
of the small intestine. The best-recognized immune
modulator is histamine, found within the mast cells of the
gut. When mast cells degranulate in response to antigenic
stimulation, the enteric nervous system is activated and
specific patterns of contractile activity may be initiated[16-19].
While the precise mechanism by which inflammatory cells
and mediators affect small intestine motility in unknown,
it is clear that an interaction exists. Their interaction
following irradiation has not been determined.

ORGANIZATION OF CONTRACTILE
ACTIVITY
Contractions of the small intestine may be divided into
individual phasic contractions, organized groups of
contractions, and special propulsive contractions.
Individual phasic contractions
Individual phasic contractions are the basic contractile
activity of the stomach and intestine. They occur in both
the fasted and the fed state. In the proximal small intestine,
contractions occur regularly and propagate caudal over a
variable distance that tends to be greater than what occurs
in the distal small intestine. Contractions in the distal small
intestine are much less coordinated and consequently, the
rate of propulsion in the distal small bowel is less than that
in the proximal small intestine.
In the stomach, the antrum has contractions of greater
amplitude and duration than those which occur within
the small intestine. They serve to grind and break down
ingested food. In contrast, the gastric fundus serves as
a reservoir and has much greater compliance than the
antrum. Fundic contractions are of greater duration and
when they occur in coordination with the antrum and
pylorus, enhance gastric emptying[20].
T h e co n tr a cti l e a ctivi ty o f th e co l o n is more
complicated than that of the stomach and small bowel.
The contractions are of longer duration and greater
amplitude to be able to propel semisolid material through
www.wjgnet.com
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the colon and out of the body in the event of defecation.
Using a combination of electrical and contractile
recordings in a canine model, cyclic bursts of contractions
called colonic contractile states can be measured[21]. Colonic
muscle contracts at two frequencies during a contractile
state, long-duration contractions at 0.5-2 cycles/min and
short-duration contractions at 4-6 cycles/min. As in the
small intestine, contractile activity is associated with ERA.
Postprandial contractile activity of the small intestine
is more complicated to analyze and requires computer
modeling. Following fractionated irradiation, proximal
small intestinal contractile amplitude did not change
but the frequency and duration of these contractions
decreased during radiation[22], returning to baseline values
post-irradiation. Decreased strength and frequency of
contractions in the mid and distal small intestine also
occurred and these subtle differences may alter intestinal
transit time. With high single dose irradiation (938 cGy)
the myoelectric activity returns to normal after several days
however, multiple exposures cause the animals to develop
chronic diarrhea, profound weight loss and progressive
changes in myoelectric activity. ECA became variable,
had an irregular rhythm, and was frequently uncoupled[23].
ERA, duration and length of migration were reduced.

ORGANIZED GROUPS OF CONTRACTIONS
Migrating motor complex
The migrating motor complex (MMC) is a cyclic pattern of
phasic contractile activity that occurs in the interdigestive
state (Figure 2). The MMC originates in the proximal
small intestine and migrates to the distal ileum, cycling
every 90 to 120 min[3,24]. The MMC cycle is divided into
four distinct phases. PhaseⅠis an interval of contractile
quiescence; phase Ⅱ consists of intermittent contractions,
which eventuate into phase Ⅲ: regular phasic contractions
of large amplitude that occur at maximum frequency for
approximately 6 to 8 min. Phase Ⅳ of the MMC consists
of a short transition of intermittent contractions. In
humans, the MMC occurs only during the fasted state.
Its purported function is to cleanse the small intestine of
residential food, desquamated cells and enteric secretions
and to keep bacterial growth to a minimum[25]. The overall
control of the MMC appears to reside in the periodic
activation of the enteric nervous system.
Within the stomach, contractile patterns similar to what
is seen in the small intestine are also found with contractile
groups being divided into phaseⅠ, Ⅱ, Ⅲ and Ⅳ. Because
the contractions within the stomach do not “migrate” from
the stomach to the small intestine, the activity is sometimes
called cyclic motor activity (CMA) [26] . Similar cyclic
contractile activity also occurs within the gallbladder[27,28]
and within the lower esophageal sphincter[24].
In the stomach, a single dose of 8 Gy significantly
delayed gastric emptying in both a canine and primate
model [29,30] . The ECA was transiently suppressed by
radiation and this was thought to contribute to delayed
gastric emptying by decreasing the maximum number of
contractions per minute. Similar results were reported in
rodent studies[31]. There have been some attempts to treat
the radiation-induced delay in gastric emptying[32], but most
www.wjgnet.com
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Figure 2 Normal small intestinal and colonic MMCs. Note how the phasic
contractions of the small intestine have a shorter duration and different character
from the contractions of the colon. The numbers on the left-side indicate the
distance in centimeters of the small intestine (SI) from the pylorus. The letter C
refers to the colon and the numbers are the distance in cm from the ileocolonic
junction.

efforts have been focused upon emesis which may not be
associated with the same contractile patterns.
In the small intestine with smaller doses of radiation,
MMC cycling persisted and cycle length was unchanged
from normal with smaller doses of radiation (2.5 Gy) but
was transiently disrupted at higher doses (9 Gy)[23]. The
persistence and stability of the MMC suggests that, at
least in the short term, the enteric neurons controlling the
MMC are functioning. Serum motilin levels also continued
to cycle with MMCs[14] suggesting that enteric endocrine
function persists.
Normal colonic motor activity is characterized by
rhythmic bursts of contractions. The duration of this
contractile activity is 7.0 to 11.5 min[33]. When contractions
migrate over at least half the distance of the colon, they
are called colonic migrating motor complexes (CMMCs).
Colonic MMCs occur less frequently that small intestinal
MMCs and, unlike small intestinal MMCS, some migrate in
an orad direction[21].
As in the small intestine, irradiation did not alter the
frequency of colonic MMCs at lower doses[34]. However,
a single high dose decreased the duration of CMMCs and
diminished the amplitude of contractions[35]. The rate of
non-migrating colonic contractions increased with higher
doses.
Serotonin (5-hydroxytryptamine, 5-HT) is known to
be released following irradiation and this may contribute
to motility changes[36,37]. In a rat high dose model, colonic
motility and fluid absorption were reduced after irradiation,
producing diarrhea and increased colonic mucosal 5-HT
levels. Administration of a 5-hydroxytryptamine receptor
3 (5-HT3) antagonist prevented the diarrhea, attenuated
colonic motility changes and reduced 5-HT levels early
after irradiation, although fluid absorption was only slightly
improved. By 1 wk following irradiation, colonic motility
and fluid absorption were restored in treated animals.
Other studies have confirmed that, at high dose (10
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Gy), abdominal irradiation decreased and disrupted
CMMC frequency early after irradiation[38] and diminished
colonic myoelectric activity. Myeloperoxidase activity in
the small intestine and colon was increased transiently and
was associated with diarrhea. Myeloperoxidase is present
in inflammatory cells and suggests an interaction between
these cells and motility following irradiation.
Colon specimens from human patients [39] after
irradiation showed overall innervation, VIP and substance
P nerve fiber densities were increased early (1 wk). In
contrast, VIP and substance P nerve fiber densities later
decreased. No peptide changes were seen in the plasma.
The decreased VIP and substance P neuronal supply
seen may contribute to late intestinal malfunction and
alterations in motility.
Neurotensin is another peptide thought to contribute
to the control of intestinal muscle activity. In rats, 6 Gy
irradiation increased the intestinal muscle content of
neurotensin-like immunoreactivity and altered receptor
sites transiently but it returned to nor mal by 1 wk
postirradiation[40].
Using a guinea pig model, 10 Gy did not alter neurally
mediated relaxations of isolated gut preparations [41] .
Contractions in response to direct muscle stimulation with
a cholinergic muscarinic agonist or ganglionic stimulation
of intrinsic cholinergic motor neurons were increased
in some segments of the gut, but not all. This increased
sensitivity to cholinergic stimulation was associated with
in increased contractility. Histamine-evoked contractions
were unaffected. Cholinergic stimulation increased
propulsive motility. Pretreatment of animals with a 5-HT3
receptor antagonist prevented the effect of radiation and
reduced propulsive activity to below normal. This suggests
that gastrointestinal motility disturbances may be due to an
increased sensitivity of the cholinergic system.
The data from these animal experiments is somewhat
difficult to interpret as the doses and models differ
significantly however, it can be summarized that the effects
of single high dose irradiation differ from the sum of
fractionated lower doses of radiation. The role of dose
rate upon gastrointestinal motility is unclear. Many studies
have demonstrated transient profound alterations that
return to normal with minor functional alterations after a
period of approximately 1 wk.
Migrating clustered contractions
Migrating or discrete clustered contractions occur in the
small intestine, last 1 to 3 min and migrate caudad over
distances of 10 to 30 cm[43-46]. Because they do not occur
as regularly and predictably as MMCs, the mechanisms of
initiation of propagation of the contractions are less well
studied. These migrating clustered contractions are highly
effective at propulsion[47]. Single dose radiation in a canine
model[5] produced clusters of migrating ERA probably
associated with these migrating clustered contractions.

SPECIAL PROPULSIVE CONTRACTIONS
The gastrointestinal tract usually propels chyme slowly
in the caudad direction. In special situations, it is
advantageous to the organism to expel ingested material
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Figure 3 A RGC and a GMC following radiation. The two giant contractions
originated about 255 cm from the pylorus and migrated in opposite directions. The
duration of the GMC is longer than that of the RGC but the RGC migrates more
rapidly. The numbers on the left-side indicate the distance in centimeters of the
small intestine (SI) from the pylorus. (From Otterson MF, Sarna SK, Moulder JE.
Effects of fractionated doses of ionizing radiation on small intestinal motor activity.
Gastroenterology 1988; 95: 1249-1257.).

rapidly. The small intestine is capable of generating special
propulsive contractions to achieve rapid movement
of chyme. If orad propulsion is necessary, retrograde
giant contractions (RGCs) occur. These small intestinal
contractions immediately precede vomiting. When rapid
caudad evacuation of the small bowel is necessary, giant
migrating contractions (GMCs) rapidly propel chyme into
the colon. Giant migrating contractions may propagate
into the colon and, when they reach the distal colon are
associated with defecation.
Retrograde giant contractions
The RGC is a large-amplitude, long-duration contraction
that originates in the mid small bowel and rapidly
propels intestinal contents in the stomach for subsequent
expulsion. It is one of the gastrointestinal motor correlates
of vomiting (Figure 3). The RGC travels at a rapid velocity
of 8 to 10 cm/s[48]. By contrast, the MMC migrates at 2
to 8 cm/min[3,24]. The RGC has been extensively studied
in the canine model and is under the control of the vagus
nerve[48]. This contraction also occurs in primates but has
not yet been documented in the human gastrointestinal
tract. The powerful and rapid nature of this contraction
may preclude recording with the manometric or solid-state
methods utilized currently in human studies. Retrograde
giant contractions precede emetic episodes but may also
occur without subsequent vomiting[48] in a dose-dependent
fashion. For example, with low stimulation, the RGC is
initiated without emesis; higher doses generate an RGC
followed by vomitus expulsion.
The relation between radiation-induced vomiting and
delayed gastric emptying is not straight forward. Dubois et
al[30] explored the effect of irradiation on gastric emptying
in a canine model. At a dose of 8 Gy total body irradiation,
9 of 10 dogs vomited. While domperidone was able to
suppress emesis but it was unable to normalize the delayed
gastric emptying. In a similar experiment, the gastric
www.wjgnet.com
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ECA, fractional gastric emptying rate and acid output
was measured in non human primates[29]. In addition to
causing vomiting, radiation transiently suppressed gastric
ECA, gastric emptying and secretion. In smaller doses on
humans (1.8 Gy single dose or after 2 wk of fractionated
therapy), no delayed gastric emptying was observed[49]. It
is unclear whether there is a threshold dose of radiation
which induces delayed gastric emptying since the doses
utilized in human patients were much less than had
been employed in the animal models. While uncommon,
humans with significant exposure can develop delayed
gastric emptying, which may respond to pharmacologic
inter vention [50] . The mechanisms of delayed gastric
emptying are separate from those which produce emesis.
Small intestinal motility has been difficult to study in
humans because of the cumbersome nature of recording
devices. The canine model has similar ECA frequency,
contractions and contractile coordination, and this has
made it the dominant model for small intestinal motility.
The rat has the disadvantage of not being capable of
emesis and this limits its usefulness when emesis is an
important component to be studied. In a canine model
exposed to fractionated irradiation, vomiting developed
as early as the first dose of radiation[42] and was associated
with a five fold increase of retrograde giant contractions
(RGCs) during irradiation[42]. RGCs peaked on the day of
the first fraction of radiation and were more likely to be
associated with emesis than the rare spontaneous RGC
that occurred prior to radiation. This may reflect the level
of the stimulus to vomit.
A human trial concerning radiation-induced emesis
[51]
identified prior experience with chemotherapy as the
only patient-related risk factor for radiation-induced
emesis. The irradiated site and field size were the only
radiation factors associated with increased emesis. A
higher percentage of radiation-induced emesis occurred in
upper abdomen radiotherapy and with radiotherapy fields
> 400 cm2. Patients receiving radiotherapy to the thorax,
head and neck also trended toward a higher incidence of
radiation-induced emesis. The 5-HT3-receptor antagonists
have been proved to provide effective antiemetic therapy in
patients undergoing highly emetogenic radiotherapy[52]. In
spite of this, optimal treatments are not always employed.
The animal experimental data suggests that the peak
stimulus for emesis occurs at the first dose of radiation[42].
It is important to use the opportunity to premedicate the
patient when they are most likely to vomit and not wait for
emesis to occur.
The widespread availability and low cost make
corticosteroids attractive dr ugs for suppression of
radiation induced emesis but no prospective trial has
been performed comparing the 5-HT3 antagonists to
corticosteroids[53]. No study has examined the motility of
patients exposed to radiation and experiencing nausea and
vomiting.
Giant migrating contractions
Giant migrating contractions (Figure 4), are largeamplitude, long-duration contractions that propagate
rapidly in a caudad direction. T heir amplitude is
approximately 1.5 times that the phasic contractions of
www.wjgnet.com
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Figure 4 Three GMCs originating in the duodenum following irradiation. The first
two GMCs migrated to the ileocolonic junction but the third stopped at 130 cm
from the pylorus. See Figure 3 caption for details. (From Otterson MF, Sarna SK,
Moulder JE. Effects of fractionated doses of ionizing radiation on small intestinal
motor activity. Gastroenterology 1988; 95: 1249-1257).

the MMC[45,54]. Once initiated, these contractions usually
propagate uninterruptedly to the ileocolonic junction and
are more propulsive than the MMC [47]. In the normal,
healthy state these contractions occur intermittently in the
distal small intestine and are never seen postprandially. In
pathologic states or after administration of certain drugs,
GMCs are more frequent and originate more proximally in
the small intestine[17,42,54-57]. In human patients with irritable
bowel syndrome, GMCs are associated with the sensation
of abdominal cramping[58]. These powerful contractions
may generate pain because they stimulate nociceptive
receptors within the bowel wall above their threshold level
or because propulsion of intestinal chyme produced by
GMCs distends the distal intestine, producing pain.
In pathologic states, frequent GMCs may contribute
to diarrhea by propelling bile and intestinal secretions
rapidly through the gastrointestinal tract without allowing
sufficient time for reabsorption[17,42]. Postprandial GMCs
that propel undigested food into the colon would
contribute to diarrhea[42]; partially digested food exposed
to bacterial degradation in the colon would result in gas
production and increase the colonic osmotic load.
There is a myoelectric correlate of GMCs in the small
intestine which is not seen in colonic recordings[54]. The
velocity of GMCs is not bound by the normal constraints
of ECA. These contractions require the enteric nervous
system for propagation and to generate the descending
inhibition associated with them. Interestingly, there is
ascending inhibition associated with GMCs which requires
neural input extrinsic to the bowel wall[57].
In a canine model exposed to fractionated irradiation, diarrhea developed as early as the first dose of
radiation [42,59] . GMCs occurred infrequently prior to
irradiation, usually originating in the distal small bowel.
However, following irradiation, the incidence of these
contractions increased dramatically. They were more
likely to originate in the more proximal small intestine.
The incidence of GMCs peaked after the second dose
of radiation. The characteristics of there contractions,
including the amplitude, duration and velocity of
migration, were the same as had occurred in normal
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animals, suggesting that the neural mechanisms for these
contractions remained the same. In addition, following
irradiation GMCs were identified in the postprandial
state [22] . With food in the intestine, these powerful
contractions push bile and partially digested material into
the colon where it is subjected to bacterial degradation,
compounding the diarrhea and discomfort experienced.
In an isolated loop of the small intestine, GMCs can be
stimulated in any section of the small intestine and they
propagate uninterruptedly[57]. The propagation velocity
of GMCs increased in the distal small intestine, whereas
that of MMCs decreased distally, suggesting different
mechanisms of propagation between these types of
contractions. In the intact small intestine, the GMCs
produce ascending and descending inhibition contractions
but do not interrupt the propagation of an ongoing
MMC, suggesting that the mechanism of initiation and
propagation of GMCs and MMCs is different. The
ability of the GMC to generate descending inhibition
is important for the coordinated propagation of these
powerful contractions as a large bolus of intestinal
contents precedes the contraction.
The GMC, in the absence of irradiation, is powerful
enough to produce mucosal irritation and bleeding [57].
Prior studies have shown that irradiation produces changes
in small intestinal villous length which were thought
to be secondary only to changes in the crypt epithelial
compartment[59]. Atropine, which decreases gut motility,
decreased the villous damage caused by irradiation in mice,
implying that altered small intestinal motility may influence
villous morphology.
Intestinal segments from rats were studied after
treatment with 10 Gy abdominal irradiation[60]. Irradiation
had no effect on the overall number of contractions,
but increased an in vitro contraction which may be
the equivalent of the GMC. In control animals, these
contractions were localized at a single recording site but
after radiotherapy, three quarters of them occurred at
multiple recording sites.
In vitro ileal pressure recordings from a ferret after
fractionated irradiation showed an initial increase in
frequency followed by a non-significant reduction in
the frequency, but not the amplitude of contractions[61].
The frequency of pressure waves showed an inverse
relationship with time after radiation with no relationship
between motility and histology. This is another example
that abdominal irradiation is associated with a timedependent alteration in motility not correlated well with
histology.
The colonic motor correlates of defecation is the
GMC[62], whose amplitude is 2.5-2.8 times greater than
the amplitude of phasic contractions during CMMCs.
GMCs migrate either over the entire colon or a part of its
length. GMCs can occur almost simultaneously at different
recording sites at the time of defecation or may occur only
at a single site. Defecation is usually preceded by colonic
GMCs; however, evacuation of contents such as a balloon
from the colon is possible without GMCs with a Valsalva
mechanism.
Spontaneous colonic GMCs occur once every 6-7 h in
normal animals, infrequently originating in the small bowel
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Figure 5 Five GMCs originating in the small intestine at greater than 100 cm from
the ileocolonic junction are migrating into the proximal colon following radiation.
SI refers to the small intestine; C to colonic strain gauges and the numbers are
the distance in cm from the ileocolonic junction. (From Otterson MF et al, Effects
of fractionated doses of ionizing radiation on colonic motor activity. Am J Physiol
1992; 263(4 Pt 1): G518-G526.).

and propagating into the colon[34]. Abdominal irradiation
increased colonic GMCs to once every 2 h with more than
half of these contractions originating in the small intestine
(Figure 5). GMCs during the radiation were associated
with explosive diarrhea when they propagated into the
distal colon. Interestingly, there is no electrical correlate
for GMCs in the colon as exists in the small intestine.
This limits the ability of researchers to use this alternate
technique for recording of motility. Both small intestinal
and colonic GMCs reverted to normal after cessation of
radiation exposure.
Colonic GMCs were rarely observed prior to irradiation [35] . In contrast, repetitive clusters of giant
contractions were obser ved for up to a week after
exposure and were associated with discomfort and passage
of diarrheal stools (sometimes bloody) with nearly every
occurrence. However, the study reinforces the important
role of colonic GMCs in irradiation injury. Other models
of colonic inflammation have demonstrated similar
motility patterns in the dog colon[36].

HUMAN MOTILITY INCLUDING
PSEUDOOBSTRUCTION
The syndrome of intestinal pseudo-obstr uction is
a complex of the signs and symptoms of intestinal
obstruction without evidence of mechanical obstruction.
Several investigators have described patients with chronic
diarrhea, recurrent crampy abdominal pain, nausea and
vomiting years after being irradiated years [63,64]. Perino
et al[65] described a case of intestinal pseudoobstruction
occurring 30 years after radiation therapy in which
mechanical causes of obstruction were excluded by
laparotomy. Histology of full-thickness sections of the
small bowel revealed vascular ectasia and sclerosis, serosal
fibrosis, neuronal proliferation within the submucosa,
and degeneration of the muscle fibers of the circular
layer of the muscularis propria, sug gesting that the
pseudoobstruction was due to muscular and neuronal
injury from abdominal irradiation.
Two to 10 years following irradiation, there was an
www.wjgnet.com
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increase in gastrointestinal complaints and stool frequency
and gastric emptying[66]. Vitamin B12, bile acid, lactose or
fat absorption, small intestinal transit or whole gut transit
was not altered, although fecal fat excretion was greater
than normal in several of the patients. Interestingly,
patients with right-sided irradiation had greater bowel
frequency when compared to those with left-sided
irradiation. At least one parameter of gastrointestinal
function was abnormal in three quarters of patients.
I n a p r o s p e c t ive s t u d y i n h u m a n s, i n c r e a s e d
stool frequency, decreased bile acid and vitamin B12
absorption, increased fecal fat excretion, increased lactose
malabsorption, and more rapid small-intestinal and
whole-gut transit were observed [67]. Although changes
improved with time, at 1 to 2 years after the completion
of irradiation, the frequency of bowel movements was
greater, bile acid absorption was less and small-intestinal
transit was more rapid when compared to baseline and
normal subjects. Stool weight was greater and wholegut transit faster in patients who received both pelvic and
abdominal irradiation compared with those who received
pelvic irradiation alone. Stool frequency and fecal fat
excretion were greater in patients with surgery prior to
radiation therapy. Pelvic irradiation produces persistent
effects on gastrointestinal function, many of which are
associated with altered motility.
Another study examined patients who had had pelvic
irradiation 1 and 6 years prior to treatment of carcinoma
of the cervix [68]. Gastric emptying and small intestinal
transit were more rapid and both small intestinal and
whole gut transit were inversely related to stool frequency.
Either bowel frequency, bile acid absorption, vitamin
B12 absorption was outside the control range in nearly
two thirds of patients. Loperamide was able to slow
small intestinal transit, increase bile acid absorption, and
decrease the diarrhea associated with chronic radiation
damage[69].
Husebye et al [70] performed a prospective study to
address whether alterations in proximal intestinal motility
could predict the clinical severity of late radiation
dysfunction of the intestine. Selecting for patients with
persistent chronic abdominal complaints after radiotherapy,
impaired fasting motility was found in about one third
of patients, and attenuated contractile response after a
meal was seen in one quarter of patients. Postprandial
delay of the MMC was a good predictor of the degree of
malnutrition, and changes in the MMC and postprandial
motility index explained two thirds of the malnutrition
experienced by these patients. The clinical symptoms
of these patients were intestinal pseudoobstruction,
malnutrition, failure of a liquid-solid meal to induce
postprandial motility, and delayed initiation and reduced
intensity of MMC during nocturnal fasting. This study
sug gested that impaired motility of proximal small
intestine may be a key factor in the pathogenesis of severe
late effects of radiation.

HUMAN ANORECTAL FUNCTION
Anorectal function can be disturbed after rectal surgery
with or without radiotherapy[71] due to decreased rectal
www.wjgnet.com
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compliance. With time however, partial improvement
occurred if the patients had not received radiation therapy
suggesting that radiation produces sustained decrease in
rectal compliance. Some patients treated with radiotherapy
for rectal cancer had increased bowel movements, loose or
liquid stool, incontinence[72]. Nearly half of the patients in
one study needed to wear a pad. Patients also experienced
fecal urgency and were unable to differentiate stool from
gas more often. Anorectal manometry showed reduced
rectal capacity and diminished maximum squeeze pressure
of the sphincters in the radiotherapy group as well as
diminished rectal distensibility.
Patients complained of rectal bleeding, urgency,
frequency, tenesmus, discomfort or pain, fecal incontinence, change in bowel habit, weight loss, vomiting,
steator rhea, noctur nal defecation and obstr uctive
symptoms after pelvic radiotherapy[73]. One-third of all
diagnoses were unrelated to the previous radiation therapy
with many patients having more than one diagnoses. Many
of the abnormalities were treatable but the symptoms
did not predict the final diagnosis, with the exception of
pain, which was associated with undiagnosed neoplasia.
“Radiation enteritis” may not be a single disease entity.
A significant correlation has been found between
radiation to the anal-sphincter region and the risk of fecal
leakage when the patients received 45-55 Gy[74]. Radiation
to the rectum increases the risk of defecation urgency and
diarrhea or loose stools when the patients received 25-42
Gy.
Others have noted an increase in bowel frequency,
urgency and fecal incontinence[75].
After radiation therapy, there were progressive reductions of basal anal pressures, anal pressures in response
to squeeze and increased intra-abdominal pressure, rectal
compliance, and the rectal volumes associated with sensory
perception and the desire to defecate. The thickness of the
external anal sphincter increased with time after radiation
therapy.
Sphincter injury following irradiation was evaluated
from anal canal specimens collected from patients
undergoing abdominoperineal resection [76]. Increased
fibrosis and nerve density in the chemoradiotherapy group
compared to the control group increased as the interval
between radiation and surgery increased. A trend toward
increased collagen deposition also was observed.

CONCLUSION
Radiation produces a variety of changes in gastrointestinal
motility. Most of the changes observed in patients and
animal models occur in other pathologic states. These
include delayed gastric emptying, retrog rade giant
contractions (RGCs) and vomiting, giant migrating
contractions (GMCs) and abdominal cramping and
diarrhea. The threshold for these contractile events to
occur and their control mechanisms are incompletely
understood. Many studies suggest that treatment prior
to exposure may be the best method to prevent the
contractions from occurring. The role of dose rate
is unclear. Within hours of a significant exposure to
radiation, these contractions begin to occur and contribute

Otterson MF. Radiation and surgery

significantly to the early stages of radiation illness. Later in
the course of radiation injury, contractile changes continue
to contribute to symptoms experienced by people who
have been irradiated.
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Abstract
Budd-Chiari syndrome is a congestive hepatopathy
caused by blockage of hepatic veins. This syndrome
occurs in 1/100 000 in the general population.
Hypercoagulable state could be identified in 75% of
the patients; more than one etiologic factor may play a
role in 25% of the patients. Primary myeloproliferative
diseases are the leading cause of the disease. Two
of the hepatic veins must be blocked for clinically
evident disease. Liver congestion and hypoxic damage
of hepatocytes eventually result in predominantly
centrilobular fibrosis. Doppler ultrasonography of the
liver should be the initial diagnostic procedure. Hepatic
venography is the reference procedure if required.
Additionally liver biopsy may be helpful for differential
diagnosis. The prognosis of the chronic form is
acceptable compared to other chronic liver diseases.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Budd-Chiari syndrome (BCS) is an uncommon disorder
characterized by obstruction of hepatic venous outflow.
The obstruction may be thrombotic or non-thrombotic
anywhere along the venous course from the hepatic
venules to junction of the inferior vena cava (IVC) to
the right atrium. Hepatic veno-occlusive disease and
cardiac disorders are excluded from this definition. BCS

is a heterogeneous clinical condition-it may be curable
or potentially lethal. The patients have an acceptable
prognosis with appropriate management compared to
other chronic liver diseases. It is a rare but important
syndrome because many disorders, such as hematologic or
malignant diseases, may be complicated with BCS.
George Budd, a British internist, described three
cases of hepatic vein thrombosis due to abscess-induced
phlebitis in 1845, and Hans Chiari, an Austrian pathologist,
added the first pathologic description of a liver with
“obliterating endophlebitis of the hepatic veins” in 1899.
BCS occurs in 1/100 000 of the general population
worldwide[1]. Patients may present with acute signs and
symptoms of abdominal pain, ascites and hepatomegaly
or more chronic symptoms related to long-standing portal
hypertension.
Some authors suggest that IVC thrombosis is a distinct
entity, named as obliterative hepatocavopathy. Primary
membranous obstruction of the IVC is a sequela of IVC
thrombosis without hepatic vein thrombosis, and is more
common in the Far East, accounting for 60% of BCS
patients in Asia[2]. Although etiologies are similar, IVC
thrombosis has an indolent course and is complicated
more commonly with hepatocellular carcinoma.

ETIOLOGY
BCS is considered primary or secondary depending on the
origin of the obstructive lesion. If obstruction is the result
of endoluminal venous lesion-like thrombosis, primary
BCS is considered. In secondary BCS, the cause originates
from neighboring structures like extrinsic compression or
tumor invasion.
Thrombosis is the major cause of hepatic vein obstruction.
The combination of one or more thrombogenic disorders
and a triggering factor is necessary for venous thrombosis,
particularly hepatic vein thrombosis. Most patients with
BCS have an underlying condition that predisposes to
blood clotting. Obstruction is mainly caused by primary
intravascular thrombosis. At least one hereditary or
acquired hypercoagulable state could be identified in 75%
of patients; more than one etiologic factor may play a role
in 25% of patients[3]. A predisposing disorder may appear
later than the diagnosis of BCS.
Primary myeloproliferative diseases are the leading
cause of hepatic vein thrombosis, and are diagnosed in
20% of cases[4]. The prevalence reaches 45% to 53% when
occult or latent myeloproliferative disorders are included[5].
Symptomatic hepatic vein thrombosis has been reported in
www.wjgnet.com
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1% of patients with primary myeloproliferative disorder[6].
Spontaneous erythroid colony formation is accepted as
a clue of myeloproliferative disorder. In these patients
with occult myeloproliferative disease, peripheral blood
changes are not characteristic, but a particular anomaly
of bone marrow progenitor cells-spontaneous erythroid
colony formation-could be detected. In idiopathic BCS
patients, it may be seen in up to 87%, suggesting that the
majority of BCS patients have myeloproliferative disease,
which is not apparent at that time[7,8]. Necropsy studies
showed a 6% incidence of hepatic vein thrombosis in
individuals with polycythemia vera or agnogenic myeloid
metaplasia[9]. Polycythemia vera accounts for 10%-40% of
cases. Essential thrombocythemia and myelofibrosis are
less prevalent causes.
Factor Ⅴ Leiden leads to resistance to activated
protein C. In Western countries, factor Ⅴ Leiden and
factor Ⅱ gene mutation are found in about 25% and 5%
of BCS patients, respectively[4,10]. BCS is associated with
heterozygosity for both factor Ⅴ Leiden and the G20210A
mutation of the prothrombin gene and methylene
tetrahydrofolate reductase mutation. Factor Ⅴ Leiden is
present in a majority of pregnancy- or oral contraceptiverelated cases[10]. Anticardiolipin antibodies are found in
about 25% of cases[11]. Hyperhomocysteinemia is also a
risk factor for BCS.
Levels of protein C, protein S, and antithrombin Ⅲ
may also be low in the presence of an acute thrombus
and in patients with liver disease, including BCS. Because
these circulating proteins are synthesized in the liver and
are affected in liver dysfunction, proof of the primary
deficiency as the cause is difficult. Familial studies are
needed for a definitive conclusion. Primary protein C
deficiency is the most common disorder in this group, with
a prevalence of about 25%[10].
The use of oral contraceptives is a risk factor for
BCS (particularly high-estrogen-content pills), with an
approximate factor of 2.37[12]. Hepatic vein thrombosis has
been described both in pregnancy and in the immediate
postpartum period. Many patients in whom BCS develops
in association with the use of oral contraceptives or
pregnancy may also have an underlying thrombophilia,
either inherited or acquired[13].
Hepatic vein thrombosis is seen in up to 12% of
patients with paroxysmal nocturnal hemoglobinuria
and is the main cause of mortality in this disorder.
Hemoglobinuria may be absent at the time of occurrence
or diagnosis of thrombosis[13,14].
Behcet’s disease accounts for less than 5% of cases. In
a series of 493 Turkish patients with Behcet’s disease, large
vein thrombosis was documented in 10.8% (53 patients)
and 26.4% of them were hepatic vein thrombosis [15].
Hepatic vein thrombosis in Behcet’s disease is likely
secondary to IVC thrombosis [16]. IVC thrombosis was
reported in 8 of 14 patients in a Turkish study of hepatic
vein thrombosis secondary to Behcet’s disease[15].
Abdominal trauma, ulcerative colitis or celiac disease
may be a cause of BCS combined with underlying
thrombophilias. Several case reports have described
granulomatous involvement of the hepatic veins, either
idiopathic or related to sarcoidosis.
www.wjgnet.com

May 21, 2007

Volume 13

Number 19

In most cases, the local factor leading to the occurrence
of thrombosis in hepatic veins cannot be determined.
However, the predisposing factor could be recognized in
more than 90% of cases with proper investigations. In
theory, the remaining cases have unknown thrombogenic
disorders which play a role in thrombosis.
Compression caused by tumors of adjacent organs
or polycystic kidney disease may cause BCS. Parasitic
liver diseases like hydatid cyst or amebic liver abscess
are rare etiologic factors in secondary BCS. Cases of
BCS secondary to pyogenic liver abscess have also been
reported in the literature[17].

PATHOGENESIS
Blockage of two or more major hepatic veins increases
the sinusoidal pressure and reduces sinusoidal blood
flow. Obstruction of a single hepatic vein is generally not
evident; two veins must be blocked for clinical disease. The
result of these hemodynamic changes is sinusoidal dilation
and filtration of interstitial fluid. Filtrated interstitial
fluid passes through the liver capsule when it exceeds the
capacity of lymphatic drainage[18,19]. Thus, liver congestion,
right upper quadrant pain and ascites occur. Portal
pressure increases and perfusion of the liver via portal vein
is decreased. The combined effect of these changes in
hepatic circulation on liver parenchyma is hypoxic damage
of hepatocytes. Non-inflammatory centrilobular cell
necrosis is found in nearly 70% of cases[20]. Reperfusion
injury may contribute to hepatocyte damage[21]. Hepatocyte
necrosis coordinates with release of free oxygen radicals
and inflammation. Massive hepatocellular damage with
a fulminant course is rare. Usually, portal hypertension
and ascites are seen in chronic form. Both the acute and
chronic forms result in severe centrilobular congestion
and hepatocellular necrosis and atrophy. Within a few
weeks after obstruction, fibrosis develops predominantly
in the centrilobular area[21]. Within a few months, nodular
regeneration may be seen predominantly in the periportal
area. Progressive fibrosis, nodular regenerative hyperplasia
and cirrhosis develop during the course of disease [22].
Interventional portosystemic shunts or development of
portal venous collateral system may improve liver functions
and delay the cirrhotic process[23].
The caudate lobe, which has direct venous drainage
into the IVC, often undergoes compensatory hypertrophy.
Caudate lobe hypertrophy is found in half of the cases
and causes IVC stenosis. Obstruction of the portal
vein is present in 10%-20% of cases and may be related
to stagnant blood flow and underlying thrombophilic
disorder[24].

DIAGNOSIS
BCS should be suspected in patients with: (1) Abrupt onset
of ascites and painful hepatomegaly; (2) Massive ascites
with relatively preserved liver functions; (3) Sinusoidal
dilation in liver biopsy without heart disease; (4) Fulminant
hepatic failure associated with hepatomegaly and ascites;
(5) Unexplained chronic liver disease; (6) Liver disease with
thrombogenic disorder.
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Ser um transferase levels may be more than five
times the upper limit of the normal range, especially in
the fulminant and acute forms of BCS. Serum alkaline
phosphatase and bilirubin levels also increase. Serum
albumin level decreases moderately.
Doppler ultrasonography of the liver, with a sensitivity
and specificity of 85% or more, is the technique of choice
for initial investigation when BCS is suspected[25]. Imagings
of hepatic veins without flow signal, and with spiderweb appearance, collateral hepatic venous circulation and
stagnant, reversed or turbulent flow are indicative of BCS.
Unvisualized or tortuous hepatic veins are common but
non-specific sonographic findings of BCS, as they may be
observed in advanced cirrhosis caused by other etiologies.
Intrahepatic or subcapsular venous collaterals are sensitive
sonographic findings of the disease, present in up to 80%
of cases.
Magnetic resonance imaging (MRI) should be
performed as a second-line imaging modality. MRI can
show the hepatic vein thrombosis and evaluate the IVC,
but it is more expensive than computed tomographic
(CT) scanning. Three-dimensional contrast enhanced MR
angiography has similar sensitivity to hepatic venography[26].
MRI is not as effective as sonography in demonstrating
the intrahepatic collateral vessels and cannot show flow
direction. CT scanning may be recommended for imaging
the vascular anatomy and the configuration of the liver
when a transjugular intrahepatic portosystemic shunt is
considered. Unvisualized hepatic veins are suggestive of
disease on CT, but false-positive or indeterminable results
can occur in 50% of cases[27]. Contrast nephropathy from
iodinated agents may occur.
Hepatic venography is the reference procedure for
the evaluation of hepatic veins, extent of thrombosis and
caval pressures. Inferior cavography should be performed
to demonstrate stenosis or occlusion of the IVC. It should
be considered when percutaneous or surgical shunts are
planned. The disadvantages of hepatic venography are
difficulty in cannulation of hepatic veins and requirement
for a considerable amount of iodine-containing contrast
agents. The diagnosis of BCS is confirmed by a spider-web
pattern on hepatic venography.
Liver biopsy shows congestion, liver cell loss and
fibrosis predominantly located in the centrilobular area.
The congestion can be seen in heart failure and constrictive
pericarditis. Perivenular fibrosis may be also found in
diabetic or alcoholic patients. Liver biopsy is important
in differentiation of BCS from veno-occlusive disease,
which is characterized by nonthrombotic obstruction of
hepatic venules by subendothelial swelling due to injury of
sinusoidal wall. Veno-occlusive disease occurs following
administration of toxic agents and is associated with bone
marrow transplantation [28]. Since obstruction of small
hepatic veins without the involvement of large ones is
included in the definition of BCS, liver biopsy is required
for differentiation from veno-occlusive disease.
BCS and cardiac disorders may have similar clinical
features. In patients with suspected cardiac disorders
like tricuspid regurgitation and constrictive pericarditis,
differential diagnosis from cardiac disorders must be done.
Echocardiography is helpful for differentiation, but further

2695

investigations are sometimes needed.
After the documentation of BCS, etiologic factors
must be assessed. Hemogram, evaluation of peripheral
blood, determination of coagulation factors and inhibitors,
genetic tests for factor Ⅴ and prothrombin, determination
of antiphospholipid antibody and lupus anticoagulant, and
flow cytometry for paroxysmal nocturnal hemoglobinuria
should be performed. Bone marrow biopsy is helpful
for diagnosis of primary myeloproliferative disorder and
determination of total red cell mass. If available, peripheral
blood or bone marrow cultures could be performed for
assessment of spontaneous erythroid colony formation, a
supportive finding of myeloproliferative disorder[29].
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Abstract
AIM: To study whether N-acetyltransferase 2 (NAT2 )
genotypes and phenotypes are associated with increased
risk factor for gastric cancer in Omani patients and
to study the clinico-pathological correlations and the
prognostic significance of NAT2 .
METHODS: Genomic DNA was extracted from
peripheral blood of 100 gastric cancer patients and 100
control subjects. NAT2 genotyping was performed using
DNA sequencing. The prognostic significance of NAT2
and other clinicopathological features was assessed by
univariate and multivariate analyses.
RESULTS: We observed no significant association
between NAT2 genotypes and phenotypes and gastric
cancer risk. The NAT2 phenotype polymorphisms and
gastric cancer risk predisposition were not modified
by concomitant H pylori infection and smoking.
There was no significant association between NAT2
and clinicopathological features, and NAT2 had no
independent prognostic significance.
CONCLUSION: In the current study, NAT2 genotypes
and phenotypes are not associated with gastric cancer
risk predisposition. Moreover NAT2 phenotypes had no
clinicopathological associations or prognostic significance.
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INTRODUCTION
Gastric cancer is the second most common cancer
worldwide and exhibits a widely varying geographical
distribution, making it a significant problem in global
health[1] It is the most common cancer in the Sultanate of
Oman, with an age-adjusted annual incidence in 2002 of
54/100 000 among males and 22/100 000 among females[2].
Gastric carcinogenesis is a complex process resulting
from interactions between genetic and environmental
factors[3]. H pylori infection is an established risk factor
for gastric cancer, triggering chronic inflammation of
the stomach leading to stepwise development of the
malignancy [4,5] . Behaviors such as smoking, alcohol
consumption, and low intake of fruits or vegetables have
also been strongly implicated[5,6].
The genetic risk factors are less well characterized
and, overall do not follow simple Mendelian inheritance
patterns. Ethnic differences and familial clustering suggest
a genetic susceptibility to development of gastric cancer
following exposure to possible carcinogens[7]. There is
increasing evidence that polymorphic genes encoding
for xenobiotic-metabolizing enzymes such as NAT2 and
GST M1/T1 and for cytokines such as interleukin-1 beta
and interleukin-1 receptor antagonist may play a role
in determining differences in cancer susceptibility [8-10].
Therefore, they should be studied to identify links to
environmental factors.
Enzymatic activation and detoxification of carcinogens
is a major principle in chemical carcinogenesis. Many
chemical and dietary carcinogens, such as nitrosamines
and heterocyclic amines, are bioactivated and deactivated
by cytochrome P-450 and N-acetyltransferase (NAT)
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enzymes [11]. The NAT genotypes are polymorphic and
phenotypically they are generally described as rapid
and slow acetylators [9] . This genetically determined,
relative NAT activity has been associated with several
cancers[9]. It has been reported that individuals with rapidacetylator genotypes of NAT2 may be at increased risk
of liver and colon cancer, hepatocellular carcinoma,
and colorectal cancer when exposed to environmental
arylamine carcinogens, due to NAT2 rapid acetylatormediated O-acetylation[9]. However there is scant literature
on a possible association between NAT2 polymorphism
and gastric cancer. Only five previous studies have been
published, with conflicting results: one of the five studies
found an association[12-16].
The present study was undertaken in an Omani Arab
population to examine whether NAT2 genotypes and
phenotypes are associated with increased risk of gastric
cancer when compared with controls. We also investigated
the association between NAT2 polymorphisms and
clinicopathological features of gastric cancer.

MATERIALS AND METHODS
Study subjects
The study population consisted of a series of consecutive
unrelated gastric cancer patients diagnosed in three main
hospitals in the Sultanate of Oman (Sultan Qaboos
University Hospital, Royal Hospital, and Sohar Hospital).
The control group was composed of apparently healthy
population-based subjects of the same ethnic and
geographical origin as the patients. The Medical Research
and Ethics Committee of the College of Medicine of
Sultan Qaboos University approved the study design. The
study subjects gave informed consent prior to participation
in the study.
Genotyping method
The methodolog y has been described by Tanira et
al [17] and correlated with Restriction Fragment Length
Polymorphism (RLFP). Ten ml of blood was collected in
an EDTA tube and stored frozen until DNA extraction.
DNA was extracted from whole blood using a commercial
DNA blood kit (Puregene DNA purification kit, Gentra,
USA) and stored until used for genotyping. Ampliﬁcation
was carried out by PCR, using 0.2 μmol/L oligonucleotide
primers Nat-Hu 14 (forward primer; 5’-GAC ATT
GAA GCA TAT TTT GAA AG-3’) and Nat-Hu 16
(reverse primer; 5’-GAT GAA AGT ATT TGA TGT
TTA GG-3’) in a 100 μ L mixture of 0.01 mol/L Tris
buffer (pH 8.3), 2.5 mmol/L MgCl2, 1.25 μmol/L each
dNTP, 1.25 U Taq polymerase, and 2 μL (20 ng) genomic
DNA. The reagents and mixture were kept on ice during
preparation. A negative control (DNA not added) was
used for quality control. Ampliﬁcation conditions were as
follows: 95℃ for 5 min, 35 cycles (94℃ 30 s, 56℃ 1 min,
72℃ 2 min), then 72℃ for 8 min. The PCR product was
subsequently sequenced on an ABI PRISM 3100 sequencer
using the BigDye Terminator v3.1 Cycle Sequencing
method (Applied Biosystems) as recommended by the
manufacturer. Candidate Single Nunclutide Polymprphism
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(SNP) regions were detected and typed with the aid of
DNA Star Software. The genotype of each subject was
deter mined as per the NAT2 nomenclature scheme
published by Hein et al [9] and the following website:
http://www.louisville.edu/medschool/pharmacology/
NAT.html.
H pylori status
H pylori status was determined using serum specimens
and an enzyme-linked immunosorbent assay (ELISA) for
H pylori IgG antibody (INOVA Diagnostics Inc.,
Germany). Negative status was defined as a concentration
below 20 U/mL as described by the manufacturer.
Statistical analyses
The genotype distributions of different polymorphic loci
in the controls were compared to those expected from
Hardy-Weinberg equilibrium by χ2 tests. The difference in
frequency distributions of genotypes between the patient
and the control groups was also tested by χ2 test. Odds
ratios (ORs) and 95% confidence intervals (CIs) were
calculated by logistic regression analysis.
Overall survival was determined from the time of
biopsy-proven diagnosis until the time of death or last
known follow-up. The dates of death were obtained from
medical records or by phone contact. Data of patients
who died of causes other than the primary disease were
censored. The Kaplan-Meier method was used to estimate
overall survival time, and the statistical significance was
determined by log-rank test. The Cox regression stepwise
approach (proportional hazard model) was used to identify
prognostic factors in multivariate analysis. The following
prognostic factors were included in multivariate analysis:
age, gender, tumor location, Lauren’s classification, T
stage, lymph node involvement, NAT2 phenotype, and
H pylori status. P values of less than 0.05 were considered
statistically significant. Analysis of data was performed
using SPSS 10.0 software.

RESULTS
A total of 100 gastric cancer patients and 100 unrelated
controls were included. The age range for the participants
included in the study was 21-82 years, where the mean and
standard deviation of ages for the patients and controls
were 54.6 ± 11.8 and 34.6 ± 12.7 years, respectively. The
percentage of males in the patient group was 55.6% and
60% in the control group.
Gastric cancer and NAT2 polymorphism and allele
We tested SNPs in the NAT2 gene at positions 191, 282,
341, 481, 590, 803, and 857, as shown in Table 1. In the
control population, C292T was found to be the most
predominant mutation whereas; the mutation G857A was
the least observed. There was a strong association between
NAT2 SNP A803G and gastric cancer (P = 0.001), with an
increase in odds ratio (OR) of 3.1 (95% CI 1.5-6.3). There
was a statistical trend for SNPs T341C and C481T and
gastric cancer (Table 1). No case of the mutation G191A
was observed, either in cases or controls.
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Table 1 Distribution of seven polymorphisms in the NAT2 gene among 100 gastric cancer patients and 100
controls, and cancer risk predisposition

Frequency
W/W
W/M
MM
P
OR
(95% CI)
M carrier

G191A
Con
C

C282T
Con
C

T341C
Con
C

C481T
Co
C

G590A
Co
C

A803G
Co
C

G857A
Co
C

0.0
100
0
0

0.39
0.35
46
43
30
44
24
13
0.8
1.1
(0.6‑2.1)

0.36
0.44
42
29
44
53
14
18
0.08
1.3
(0.9‑1.7)

0.31 0.41
49
35
39
47
12
18
0.06
1.8
(0.9‑3.3)

0.35 0.29
42
49
46
44
12
7
0.4
0.7
(0.4‑1.4)

0.39 0.52
39
17
44
60
17
22
0.001
3.1
(1.5‑6.3)

0.09 0.05
83
87
17
10
0
1
0.6
0.7
(0.3‑1.7)

0.0
76
0
0
NS
-

Table 2 NAT2 genotype frequencies among 100 gastric cancer
patients and 100 controls, and gastric cancer risk
Genotype
Rapid
#4#4
#12B#12B
#12#12
Intermediate
#4#5B
#4#6A
#4#6B
#5B#13
#6A#12C
#6B#13
#12#6B
#12#7B
#12C#6A
#12C#6B
Slow
#5A#6A
#5B#5B
#5B#5C
#5B#6A
#5B#6B
#5B#7A
#5B#7B
#5C#5A
#5C#5C
#5C#6A
#5C#7B
#6A#6A
#6A#7B
#6C#6C
#7A#7A
#7A#11A
#6A#6C
#7B#7B
#5D#5D, #5D#7A, #5D#7B, #6#7B,
#7B#5A, #7B#6B, #5C#6B

Table 3 Frequency of NAT2 phenotypes, H pylori status
in gastric cancer cases and controls, and gastric cancer risk
predisposition

Patients Controls OR 95% CI
Characteristics
1

14
6
1
2
2
1
1

4
1
1

0.3 0.01-2.4

10
4
3
1

1.4 0.6-3.6
1.5 0.4-6.6

Controls
(n = 100)

Odd ratio
(95% CI)

72
28

73
27

1
1.1 (0.5 – 2.1)

0.90

28
57

43
41

1
2.1 (1.1 – 3.9)

0.02

+H pylori serology was determined in 85 patients and 84 control subjects.

2
1
2
18
2
19
2
1
4
2
2
4
1
4
1
5
1
1
5
1

Nat-2 phenotype
Slow
Rapid + intermediate
H pylori+
Negative
Positive

P

Cases
(n = 100)

1
13
2
13
4
1
1

Table 4 Relationship between NAT-2 and gastric cancer after
adjusting the effect of H pylori
1.4 0.6-3.2
1.5 0.6-3.3
1
1

serology
Positive

Negative

Cases
Controls Total Odd ratio
phenotype (n = 85) (n = 84)
(95% CI)
Slow
Rapid
Slow
Rapid

42
16
17
10

29
12
33
10

71
28
50
20

P

1
0.92 (0.35, 2.45) 0.85
1
1.94 (0.60, 6.35) 0.21

+H pylori serology was available for 85 patients and 84 control subjects.

1
4
11
4
4
2
2
4
1
71

H pylori + NAT-2

0.4 0.1-1.3

1

Each of these genotypes had an incidence of one per genotype.

We did not observe any significant association between
any NAT2 genotype and gastric cancer (Table 2).
Gastric cancer and NAT2 phenotype
The predominant phenotype in control and gastric cancer
patients was the slow phenotype (Table 3). Both homoand heterozygotes for the rapid acetylation allele behave
phenotypically as rapid acetylators. Therefore, calculation
of OR based on two categories, slow versus rapid and

intermediate, revealed no significant increase in gastric
cancer risk, with OR 1.1 (95% CI 0.5-2.1). However,
the presence of H pylori shows an important role in the
causation of the disease (OR = 2.1, P = 0.02).
In order to investigate whether H pylori modifies the
risk behavior of NAT2 phenotypes in the development
of gastric cancer, we estimated the pooled odds ratio
for NAT2 phenotype and gastric cancer status after
adjusting the effect of H Pylori as shown in Table 4. Test
for homogeneity of odds ratios shows χ2 = 1.134, df =
1, P = 0.28. Therefore, no significant difference exists
between the two odds ratios (P > 0.050). From the 2 X 2
X 2 data layout in Table 4 the Woolf-Haldane estimator
of the common odds ratio is obtained as OR = 1.25
(95% CI 0.60-2.64)[18,19]. The significance of the estimated
common OR was tested using Mantel Haenszel Chi-square
statistic which gave a p value of 0.06[20]. Therefore, it may
be concluded that in the presence of H pylori the risk
behavior of NAT2 increases to some extent, however, not
statistically significant (P > 0.05).
www.wjgnet.com
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T a b l e 5 A s s o c i a t i o n b e t w e e n NAT2 p h e n o t y p e a n d
clinicopathological characteristics in 100 gastric cancer patients
Characteristics
Age
Less than 40 yr
More than 41 yr
Sex
Male
Female
Location
Distal
Non-distal
Histologic type
Intestinal
Non-intestinal
T stage+
T1 + T2
T3 + T4
N stage+
Negative
Positive
Overall stage1
Ⅰ+Ⅱ
Ⅲ+Ⅳ

Slow

Intermediate and rapid

P

8
0

64
28

0.1

39
33

17
11

41
31

17
11

37
35

16
12

11
47

7
13

52
16

7
3

12
60

6
22

0.7

0.8

0.7

0.1

0.7

0.6

+T and N staging was available in 78 patients were surgical resection was
done. 1Stage Ⅳ diagnosis was based on clinical staging in presence of
metastatic disease.

The numbers of smokers in the gastric cancer group
and among the control subjects were 12 and 9, respectively.
There was no significant interaction between smoking and
any NAT2 phenotype and gastric cancer risk, most likely
due to the small number of subjects who smoked (data
not shown).
NAT2 phenotype and clinicopathological features
We examined the relationship between NAT2 phenotype
a n d c a n c e r p r o g n o s t i c f a c t o r s, s u ch a s s t a g i n g ,
differentiation, and histologic type (intestinal vs. diffuse)
(Table 5). We found no significant association between any
of the clinicopathological features and NAT2 phenotype.
There was a statistical trend for more advanced T stage
with the slow phenotype (P = 0.1).
Survival analysis
By the time of analysis in February 2007, the median
survival rates for rapid and slow acetylators were 10.0
mo (95% CI 7.7-12.3) and 15 mo (95% CI 8.4-21.6),
respectively. The 5-year survival rates were 10% and 34%,
respectively (P = 0.5). In the non-metastatic group, the
median survival for rapid acetylators was not reached,
and for slow acetylators was 36 mo (95% CI 15.4-56.6),
with 5-year survival rates of 50.4% and 43%, respectively
(P = 0.8).
The multivariate analysis carried out for 78 patients
who underwent surgical resection (non-metastatic and
locally advanced) is presented in Table 6. There was an
increased risk associated with the rapid NAT2 phenotype
(OR 1.9), but it did not reach statistical significance.
Advanced stage, non-distal location, and lymph node
involvement were independent negative prognostic factors.
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Table 6 Independent prognostic factors for survival identified
by multivariate analysis in 78 gastric cancer patients who
underwent surgical resection
Characteristics
Age
Less than 40 yr
More than 41 yr
Sex
Male
Female
Location
Distal
Non-distal
Histologic type
Intestinal
Non-intestinal
T stage
T1 + T2
T3 + T4
N stage
Negative
Positive
NAT2
Slow
Rapid
H pylori Status
Negative
Positive

Risk Ratio

95% CI of risk ratio

P
0.30

1
2.1

0.4‑9.6
0.70

1
0.7

0.3‑1.7
0.02

1
3.2

1.3‑7.8
0.70

1
0.5

0.3‑1.7
0.02

1
4.1

1.2-13.6
0.05

1
7.7

1-61.5
0.18

1
1.9

0.7-5.0
0.90

1
1.1

0.4-3.0

DISCUSSION
We have assessed the association between NAT2 gene
polymorphisms and the risk of developing gastric cancer
by correlation with clinicopathological features and survival
in an Omani Arab population. In keeping with four of the
five previously published studies, we found no difference
between the rapid and slow NAT2 phenotypes and
gastric cancer risk predisposition[12-16]. Also, there was no
association with any of the NAT2 genotypes and gastric
cancer. The solitary study showing a positive association
between the rapid NAT2 acetylator phenotype and gastric
cancer risk by Ladero et al[14] has been criticized because of
its small number of subjects and the inclusion of incident
and prevalent cases. Of note is the great variation in the
frequency of the slow acetylator phenotype in the control
subjects of the different ethnic groups in these studies.
The frequency of the slow acetylator phenotype was
around 54% in Caucasian studies and around 6% in East
Asian studies[12-16]. The frequency of slow acetylators in
our control subjects was 72%, which is higher than in the
Caucasian population, although consistent with previously
published data from Arabs[17,21]. Given the ethnic variation
in frequency it is unlikely that NAT2 genotype and
phenotype studied in isolation will impart a conclusive
finding applicable to different ethnic groups. Therefore,
it is important to study NAT2 polymorphism in relation
to other environmental risk factors, in particular H pylori
infection and smoking.
We have demonstrated that positive H pylori serology
is associated with increased gastric cancer risk in the
current case-control study. Therefore, we have examined
the interaction between NAT2 phenotype and H pylori

Al-Moundhri MS� et al . NAT2 and gastric cancer

infection and predisposition to gastric cancer as none
of the previous studies have done so. This interaction
is intriguing because several theoretical reasons. First,
evidence suggests that H pylori infection byproducts such
as ammonia (NH3) interact with several carcinogens that
may be activated or deactivated by NAT2 enzymes [22].
NH3 increases the incidence and size of g astric
adenocarcinomas in rats pretreated with N-methyl-N’
-nitro-N-nitrosoguanidine[23,24]. Moreover, H pylori infection
plays a role in the pathogenesis of active chronic gastritis
by generating toxic monochloramine (NH2Cl) from an
oxidant (HOCl) that is a product of activated neutrophils
and NH3[25]. Second, NAT2 enzymes may be altered by
concomitant H pylori infection. No studies have examined
this issue, but other xenobiotic-metabolizing enzyme
activity is known to be altered by concomitant H pylori
infection. Kim et al[26] demonstrated that diminished GST
enzyme activity and increased cytochrome P-450 activity
in adjacent normal and gastric cancer tissues is due to the
direct effect of the H pylori infection. Third, it has also
been suggested that H pylori has a NAT activity and that its
bio-activation of food-borne heterocyclic aromatic amines
into genotoxic and carcinogenic products in the stomach
is a possible promoter of gastric cancer[27]. However, we
found no significant modulation of gastric cancer risk by
between NAT2 phenotype and H pylori infection, although,
estimator of the common odds ratio was OR = 1.25 with
95% CI (0.60, 2.64) with statistical trend with P = 0.06.
This observation should be further tested in a larger scale
study to examine this interaction.
To better understand the role of NAT2 in gastric
cancer, the predictive and prognostic values of NAT2
phenotypes were evaluated. Particular attention was paid
to tumor prognostic criteria, such as stage and histological
type (Table 5). We found no specific prognostic
significance for slow or rapid phenotypes. Similarly,
univariate analysis showed no survival benefit for any of
the phenotypes. In our multivariate analysis of prognostic
factors in operable cancer (n = 78), NAT2 was not a
significant independent prognostic factor, unlike T and
N stage (Table 6). These results may be interpreted as
involvement of NAT2 in the early, initiating carcinogenic
steps rather than in subsequent molecular events that
determine the aggressiveness of biological behavior, such
as p53 or Her-2/neu mutation.
Overall, the lack of independent and consistent
association between NAT2 and gastric cancer suggests
that their role may be dependent on other variables,
such H pylori infection, smoking, or other detoxifiers of
xenobiotics, such GST.
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Abstract
AIM: To determine the relationship between biliary
stricture and pigment gallstone formation, and the
prevention of pigment gallstones with medicine.
METHODS: One hundred and eighteen male guinea
pigs were randomly divided into four groups: stricture
group (S, n = 30) underwent partial ligation of common
bile duct, and fed on regular chow; S plus medicine
group (S+M, n = 27) underwent the same operation but
fed on medicinal chow (0.3 g chenodeoxycholic acid, 0.5
g glucurolactone, and 0.5 g aspirin were mixed up in 1.2
kg regular chow); medicinal control group (C+M, n =
30) was free of operation, and fed on medicinal chow;
and control group (C, n = 31) was free of operation and
fed on regular chow. One week later, laparotomy was
performed, and the bile of gallbladder was collected,
measured, and cultured.
RESULTS: Gallstones were identified. Pigment gallstones
were induced by biliary stricture in 95% (22/23) of S
group. In the S+M group, the incidence of gallstone
was reduced to 55% (11/20, vs S group, P < 0.01). The
changes of indirect bilirubin and ionized calcium in the
bile were consistent with gallstone incidences.
CONCLUSION: Biliary stricture can cause pigment
gallstone formation in guinea pigs, and the medicines
used can lower the incidence of gallstones. The bilirubin
and ionized calcium play important roles in pigment
gallstone formation.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Pigment gallstone is ver y common in Asia, and its
treatment, especially for intrahepatic ones, is a very
troublesome problem in biliary surgery[1,2]. The therapeutic
challenges include difficulty in clearing stones and a high
rate of stone recurrence. Hepatolithiasis coexisting with
intrahepatic biliary stricture is particularly difficult to
manage[3]. How to prevent pigment gallstone formation
with medicine is significant to treat and prevent this
disease.
Pigment gallstone for mation is a ver y complex
m e ch a n i s m , a n d m a n y a s p e c t s h ave n o t b e e n a s
fully studied as those of cholesterol. According to
the pathogenesis of pigment gallstone for mation,
Maki emphasized the enhancement of bacterial betaglucuronidase ( β -G) activity and resultant increase of
unconjugated bilirubin (UCB) concentration in bile, which
combined with Ca++ to form calcium bilirubinate[4]. This
opinion was commonly accepted in the 1970s and still
studied in the 2000s[5]. But clinically, it is known that biliary
stricture itself can cause pigment gallstone formation
without biliary infection. This fact can not be fully
explained by Maki’ s theory.
In the previous experiments, the conditional constant
of the solubility product (K’sp) of calcium bilirubinate
in water solution was measured and confirmed[6,7]. This
sug gested that there is an equilibrium between the
precipitation and dissolution of calcium bilirubinate.
In this equilibrium, UCB and Ca++ are key links in the
precipitation of “bilirubin-calcium compound” (Figure 1).
Other factors，such as total calcium, total bilirubin, β-G,
total bile acid, cholesterol, glycoprotein, play their roles by
acting on the key links in this process. This theory could
explain the clinical phenomena more reasonably. However,
this theory was established according to the results in vitro,
and could not be validated in vivo.
Medicines were used to prevent pigment gallstone
for mation. They contained chenodeoxycholic acid,
glucurolactone, and aspirin. Chenodeoxycholic acid was
reported to reduce pigment gallstone formation in hamster
by preventing precipitation of calcium bilirubinate[8-10].
Glucurolactone could inhibit β-G activity, and decrease
www.wjgnet.com
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the precipitation of Ca++ and bilirubin[6,7]. Aspirin could
prevent cholesterol gallstone formation by inhibiting the
synthesis of glucoprotein in prairie dogs[11].
The aim of this study was to determine the role of
biliary stricture in pigment gallstone formation and the
possibility of prevention with medicines, and at the
same time, to validate the equilibrium theory of pigment
gallstone formation in vivo.
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Figure 1 The key link in the precipitation of bilirubin-calcium compound.

MATERIALS AND METHODS
Animals
One hundred and eighteen male guinea pigs (weighing
300-600 g, purchased from Medical Experimental Animal
Center of Peking University, Beijing, China) were randomly
divided into four groups.
Stricture (S) group: Guinea pigs (n = 30) were fasted for
16 hours, and anaesthetized with intraperitoneal sodium
pentobarbital (30 mg/kg). After laparotomy, common bile
duct (CBD) was exposed. A 5-gauge dull needle (0.5 mm
in diameter) was placed beside CBD and tied together
with 1-0 suture. After withdrawing the needle, incomplete
stricture of CBD was achieved[12]. Abdominal wall was
closed. The animals were fed with regular chow (made
by Animal Chow Factory, Chaoyang District, Beijing)
postoperatively.
Stricture plus medicine (S+M) group: Guinea pigs (n
= 27) underwent the same operation as S group but fed
with medicinal chow (0.3 g chenodeoxycholic acid, 0.5 g
glucurolactone, and 0.5 g aspirin were mixed up in 1.2 kg
regular chow) after operation.
Medicinal control (C+M) group: Animals (n = 30) were
free of operation, and fed with medicinal chow.
Control (C) group: Animals (n = 31) were free of
operation and fed with regular chow.
Analysis of bile
One week later, the animals were fasted and anaesthetized
as mentioned above, and laparotomy was performed.
Gallbladder bile was aspirated with a 20-gauge syringe,
measured as the volume of gallbladder and performed
in dimmed light as much as possible so as to avoid
photoisomerization of bile pigments. Culture for standard
bacteria was performed. Bile samples were immediately
analyzed for Ionized calcium (Ca ++ ) with a selective
iron analyzer Model PXS-201 (Shanghai 2 nd Analytical
Instrument Works, Shanghai, China), equipped with
saturated calomel electrode (Shanghai Tienkuang Device
Works, Shanghai, China) and calcium ion selective
polyvinyl chloride (PVC) membrane electrode (Suzhou
Standard Metrological Experimental Factory, Suzhou,
China)[6], pH value with a Model PHS-3 digital standard
pH meter (Shanghai 2 nd Analytical Instrument Works,
Shanghai, China) [6] , total bilirubin (TB) and indirect
bilirubin (IB) which were used to represent UCB [13]
and β-G[14]. Bile samples were then centrifuged at 3500
r/min for 10 min, and the supernatant was aspirated
and stored at -20℃ for measurement of total calcium
(TCa)[15], glycoprotein (GP)[16], total bile acid (TBA)[17], total
phosphorus (TP)[18] and cholesterol (Ch)[19].
Examination of biliary tract and identification of
gallstones. Animals were sacrificed. Gallbladder and bile
www.wjgnet.com

Table 1 Survival rates of guinea pigs after partial ligation of
CBD (one week)
Items
Total (n)
Death (n)
Survival (%)

S group
30
7
23 (76.7)

S+M group
27
7
20 (74.1)

C+M group
30
0
30 (100)

C group
31
0
31b (100)

S: stricture; S+M: stricture plus medicine; C: coutrol; C+M: medicine control.
b
P < 0.01 vs C group, χ2 test.

duct were resected and examined. The perimeter of CBD
at the upper side of ligation was measured. Gallstones
were collected, recorded and identified by qualitative
analysis[20].
Statistical analysis
Quantitative data were expressed as mean ± SD and
performed with t (t’) test. Data were analyzed qualitatively
with χ 2 test. SPSS 11 was used as computer statistical
program. A P value of less than 0.05 was considered
statistically significant.

RESULTS
Survival rates
Survival rates of guinea pigs are listed in Table 1. At first,
CBD was too tightly tied, 11 of 57 animals died of acute
hepatic failure because of acute complete stricture of
CBD. Two of them died of acute pneumothorax, and one
died of abdominal bleeding.
Gallstone incidence
Gallstone incidences are listed in Table 2. Pigment
gallstones were induced in 95.7% (22/23) of S group (P <
0.01 vs C group, 0/31), and in S+M group, the incidence
of gallstone was reduced to 55.0% (P < 0.01, 11/20 vs S
group) in one week, respectively.
Gallbladder volume and perimeter of common bile duct
Gallbladder volume and perimeter of common bile duct
were measured and are listed in Table 3. Partial ligation
of CBD evidently increased the gallbladder volume, and
dilated the CBD.
Measurement of bile components
Components of gallbladder bile, collected at the end of
the first week of the experiment, were analyzed and the
results are shown in Table 4. The concentrations of IB
and Ca++ in bile were consistent with gallstone incidences.
Ten bile samples from S group, nine from S+M group, six
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Table 2 Gallstone incidences of guinea pigs after partial ligation
of CBD (one week)

Table 3 Gallbladder volume and perimeter of CBD after partial
ligation of CBD (mean ± SD, n )

Items
Total (n)
Stone (n)
No stone
Incidence (%)

Items

S group
23
22
1
95.7

S+M group
20
11b
9
55.0

C+M group
30
0
30
0

C group
31
0b
31
0

S: stricture; S+M: stricture plus medicine; C: coutrol; C+M: medicine control.
b
P < 0.01, vs S+M and C groups respectively, χ2 test.

S group

S+M group C+M group C group

GB volume (mL)
4.5 ± 1.8 (22) 4.9 ± 2.5 (20) 1.3 ± 0.7 (25) 1.5 ± 0.6 (26)b
CBD perimeter (mm) 8.1 ± 1.3 (21) 8.5 ± 1.6 (21) 4.1 ± 0.2 (15) 4.0 ± 0.1 (16)b
S: stricture; S+M: stricture plus medicine; C: coutrol; C+M: medicine control.
GB: gallbladder. bP < 0.01 vs C groups, t test.

Table 4 Components of gallbladder bile one week after partial ligation of CBD (mean±SD, n )
Components
Ca++ (μmol/L)
TCa (μmol/L)
TB (mg/dL)
IB (mg/dL)
β-G (μmol/dL)
TP (mg/dL)
TBA (mmol/L)
GP (mg/dL)
Ch (mg/dL)
pH

Groups
S
111.7 ± 19.3 (23)b
174.8 ± 81.7 (22)
2.73 ± 1.30 (22)a
1.30 ± 0.70 (22)a
938 ± 627 (17)
6.54 ± 6.53 (22)
14.8 ± 9.2 (22)
3.05 ± 1.63 (12)
4.75 ± 2.04 (17)
8.46 ± 0.14 (9)a

S+M
93.5 ± 22.8 (20)
176.8 ± 113.3 (16)
1.82 ± 1.03 (17)
0.79 ± 0.63 (17)
809 ± 569 (15)
5.99 ± 6.89 (15)
14.4 ± 7.6 (16)
2.89 ± 1.40 (9)
3.79 ± 1.66 (13)
8.27 ± 0.15 (9)

C+M
31.1 ± 4.8 (15)
111.9 ± 46.3 (7)
1.09 ± 0.55 (6)
0.84 ± 0.32 (6)
1763 ± 933 (12)a
3.10 ± 2.17 (7)
13.2 ± 4.9 (7)
3.68 ± 2.05 (4)
8.35 ± 0.12 (10)a

C
29.7 ± 7.9 (16)b
80.6 ± 29.7 (5)a
1.09 ± 0.30 (11)b
0.55 ± 0.29 (11)b
1178 ± 548 (9)
3.26 ± 0.60 (4)a
9.9 ± 2.4 (5)
0.46 ± 0.28 (9)b
3.42 ± 0.86 (8)a
8.14 ± 0.20 (4)b

S: stricture; S+M: stricture plus medicine; C: coutrol; C+M: medicine control; aP < 0.05, bP < 0.01. t (t’) test. In S, S vs S+M; in C+M, C+M vs C, and in C, S vs C.

from C group, and six from C+M group were cultured for
standard bacteria and no bacterium grew.

DISCUSSION
According to the pathogenesis of pigment gallstone
formation, Maki emphasized the enhancement of bacterial
β-G activity and resultant increase of UCB concentration
in bile, which combined with Ca ++ to for m calcium
bilirubinate[4]. This point of view was commonly accepted
in the 1970s and still studied in the 2000s[5]. But in this
study, pigment gallstone was induced by partial ligation
of CBD, gallbladder bile was sterile by standard bacteria
culture, and β-G activity in S group was not higher than
in C group (P > 0.05, Table 4), whereas the IB (similar
to UCB) content in the bile of S group was significantly
higher than in C group (P < 0.01, Table 4). Gallstones,
containing calcium bilirubinate, were formed in S group
(P < 0.01, S vs C groups, Table 2). These facts could not be
fully explained by Maki’ s theory.
But if we use the equilibrium theor y to explain
these facts, it seems reasonable (Figure 1). Incomplete
common bile duct stricture did cause increased UCB
and Ca++ in S group (P < 0.01, S vs C groups, Table 4).
And pigment gallstone was indeed formed in S group
(P < 0.01, S vs C groups, Table 2). These facts were firstly
validated that UCB and Ca++ were key links and played
very important roles in the process of pigment gallstone
formation in vivo. Other factors played their roles by acting
on UCB and Ca++. β-G and its inhibitors or activators,
as Maki had indicated, were certainly responsible for
UCB concentration[4]. Besides, TB (similar to conjugated
bilirubin, CB) was increased in S group (P < 0.01, S vs
C groups, Table 4), and could supply UCB material, and

hydrolyze into UCB even in the absence of β-G[14]. pH
was alkalized in S group (P < 0.01, S vs C groups, Table 4),
and alkalization of the bile would catalyze the hydrolysis
from CB into UCB[21]. TCa was also increased in S group
(P < 0.01, S vs C groups, Table 4), and could supply Ca++
material and enhance the concentration of Ca ++. GP
was increased in S group (P < 0.01, S vs C groups, Table
4), and was capable of promoting calcium bilirubinate
precipitation, especially in the presence of high Ca++
content [13,14] . It was suggested that GP enhanced the
equilibrium of calcium bilir ubinate to the side of
precipitation by means of trapping which already formed
precipitate and prevented from redissolution (Figure 1).
pH and bile salts would determine the form of UCB in
bile, thus determining the activity of UCB [22]. TP was
increased in S group (P < 0.05, S vs C groups, Table 4),
facilitated UCB and Ca++ to form calcium bilirubinate, and
promoted pigment gallstone formation. Ch was increased
in S group (P < 0.05, S vs C groups, Table 4), and could
inhibit the precipitation of calcium bilirubinate, but its
effect was failed because its function was too week as
compared with other elements such as UCB, Ca++, GP, and
so on. In this equilibrium (Figure 1), bile salts worked as a
buffer of Ca++. They were able to form soluble compound
by combining with Ca++, and resulted in reduction of Ca++
activity. TBA was not increased in S group (P > 0.05, S vs
C groups, Table 4), and its effect was too weak to inhibit
the precipitation of calcium bilirubinate in this study.
As a result of UCB or Ca++ activity and concentration
alteration, the equilibrium of calcium bilir ubinate
precipitation and dissolution would be changed by these
factors (Figure 1).
Partial ligation of CBD evidently increased the
gallbladder volume, and dilated the CBD in S group
www.wjgnet.com

2706

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

(P < 0.01, S vs C group, Table 3). It was indicated that
the animal model of incomplete stricture of CBD was
successful[12]. It is verified that incomplete stricture of
CBD could induce pigment gallstone formation[23].
At the beginning of partial ligation of CBD, medicines
were used to prevent pigment gallstone formation. They
contained chenodeoxycholic acid, glucurolactone, and
aspirin. These medicines decreased the ratio of pigment
gallstone formation in strictured animals from 95.7%
(22/23) in S group to 55% (11/20) in S+M group (P <
0.01, Table 2). At the same time, the concentration of Ca++
was significantly decreased in S+M group (P < 0.01, S vs
S+M group, Table 4), and the content of TB, IB, and pH
was decreased in S+M group (P < 0.05, S vs S+M group,
Table 4). These results also indicated that Ca++ and UCB
were the key links in the process of pigment gallstone
formation (Figure 1) verified in animal models [6]. β -G
activity was slightly decreased in S+M group compared
with S group, but it was not statistically significant (P > 0.05,
S vs S+M group, Table 4)[24], whereas the content of IB
was reduced significantly (P < 0.01, S vs S+M group, Table
4). It could not be well explained that the decrease of
concentration of IB was caused by the reduction of β-G
activity[4]. The significant decrease of pH (S vs S+M group,
P < 0.05, Table 4) might reduce the hydrolysis from CB
into UCB[7,21]. The significant decrease of TB might reduce
the source of IB. Although content of TBA in S+M group
was not higher than that in S group (P > 0.05, Table 4),
the content of Ca++ in S+M group was significantly less
than in S group (P < 0.01, Table 4), and concentrations of
TCa in both S+M and S groups were almost the same (P
> 0.05, Table 4). It was indicated that Ca++ buffer capacity
of bile in S+M group was enhanced by chenodeoxycholic
acid administration[8-10]. GP content in the bile of S+M
group was slightly less than that of S group, but had
no significance (P > 0.05, Table 4). It seemed that the
effectiveness of aspirin in decreasing the GP concentration
was uncertain in this study. The reason might be that the
dosage administered was not enough compared with Lee’s
report (25 mg/kg vs 100 mg/kg)[11]. But the important role
of GP in promoting pigment gallstone formatio [25] was
confirmed by the fact that the significant elevation of GP
was consistent with the high pigment gallstone incidence
in S group (Tables 2 and 4), and that within S+M group,
GP in the bile of animals with stone (3.84 ± 0.40 mg/dL,
n = 5) was higher than in those without stone (P < 0.01, 1.69
± 1.26 mg/dL, n = 4, t = 3.648). Medicines used in this
study had compound effects to reduce pigment gallstone
formation by decreasing the concentrations of Ca++ and
UCB, and could be used as preventive medicines against
pigment gallstone formation in the future.
There were no differences in IB, Ca++ and gallstone
incidences between C+M and C groups (P > 0.05, Tables
2 and 4). It seemed that the medicines used mainly resisted
the pathophysiological changes caused by partial ligation
of CBD, but did not act on normal animals.
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In this xenogeneic system, the engrafted donor-derived
human cells persisted in multiple tissues for at least 6
mo after birth. Moreover, transplanted human donor cells
underwent site-specific differentiation into CK18-positive
human cells in chimeric liver and CD45-positive human
cells in chimeric spleen and thymus of recipients.
CONCLUSION: Taken together, these findings suggest
that we successfully developed human-rat chimeras, in
which xenogeneic human cells exist up to 6 mo later.
This humanized small animal model, which offers an
in vivo environment more closely resembling to the
situations in human, provides an invaluable and effective
approach for in vivo investigating human stem cell
behaviors, and further in vivo examining fundamental
mechanisms controlling human stem cell fates in the
future. The potential for new advances in our better
understanding the living biological systems in human
provided by investigators in humanized animals will
remain promising.
© 2007 The WJG Press. All rights reserved.

Abstract
AIM: To accurately and realistically elucidate human
stem cell behaviors in vivo and the fundamental
mechanisms controlling human stem cell fates in vivo ,
which is urgently required in regenerative medicine
and treatments for some human diseases, a surrogate
human-rat chimera model was developed.
METHODS: Human-rat chimeras were achieved by
in utero transplanting low-density mononuclear cells
from human umbilical cord blood into the fetal rats
at 9-11 d of gestation, and subsequently, a variety
of methods, including flow cytometry, PCR as well as
immunohistochemical assay, were used to test the
human donor contribution in the recipients.
RESULTS: Of 29 live-born recipients, 19 had the
+
presence of human CD45 cells in peripheral blood
(PB) detected by flow cytometry, while PCR analysis on
genomic DNA from 11 different adult tissues showed
that 14 selected from flow cytometry-positive 19 animals
possessed of donor-derived human cell engraftment in
multiple tissues (i.e. liver, spleen, thymus, heart, kidney,
blood, lung, muscle, gut and skin) examined at the time
of tissue collection, as confirmed by detecting human β2microglobulin expression using immunohistochemistry.

Key words: Human umbilical cord blood-derived cells; In
utero xenogeneic transplantation; Human-rat chimeras;
Embryonic microenvironment; In vivo model
Sun Y, Xiao D, Pan XH, Zhang RS, Cui GH, Chen XG.
Generation of human/rat xenograft animal model for the
study of human donor stem cell behaviors in vivo . World J
Gastroenterol 2007; 13(19): 2707-2716

http://www.wjgnet.com/1007-9327/13/2707.asp

INTRODUCTION
Owing to lack of knowledge on the intrinsic mechanisms
regulating stem cell behaviors (i.e. self-renewal,
maintenance, proliferation, differentiation, apoptosis and
migration/homing), early development, tissue formation
and organogenesis, and tissue homeostatic maintenance
in humans, currently human beings still face the great
difficulties in applying stem cells in regenerative medicine
and treatments for human diseases. Heretofore, some
progresses have been made in understanding these
fundamental mechanisms in vitro and in vivo [1] , but at
present, much of this kind of knowledge was emerged
from the in vitro and in vivo murine models. Moreover,
www.wjgnet.com
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biomedical research in humans is largely restricted to in
vitro models that lack the components and complexity of
a living organism, whereas the complexity of a biologic
network can only be accurately and realistically reproduced
by an in vivo system.
Since these findings derived from mice and in vitro
human model cannot always be extrapolated to precisely
reflect the true situations in human, a preclinically and
clinically relevant in vivo humanized animal model, which
can and should more realistically imitate as closely as
possible the in vivo situations in human, is urgently
required for greatly facilitating scientists to elucidate these
aforementioned mechanisms within in vivo a xenogeneic
setting.
To address these issues, there are active sustaining
efforts to pursue developing human/animal xenograft
models (including mice, sheep, goats, monkeys and pigs) to
in vivo study the related fundmental mechanisms[2-8].
Currently, by taking advantage of the window of
opportunity to perfor m human stem cell (hSC)
t r a n s p l a n t a t i o n d u r i n g t h e p r e i m mu n e s t a g e o f
development, fetal sheep[5,7] and fetal goat[8] are developed
to be a unique and clinically relevant xenograft animal
models for assessing the differentiative potential of hSCs
in vivo, but from a scientific perspective, large animals are
not a suitable model for mechanistic research.
From a scientific perspective, small animal models, such
as mice and rats, are the ideal models. In vivo substitute
models have been successfully developed in which
human cells are transplanted by tail vein injection into the
sublethally irradiated immunodeficient mice[9]. The human/
mouse xenograft model derived from the immunodeficient
mice has proven valuable in studying the biology of
human hematopoietic stem cells (hHSCs) in vivo [9] .
But the following significant drawbacks greatly limit the
utilities of this model for furthering our knowledge of
other human adult stem cell (hASC) biology in vivo other
than human HSC biology. On the one hand, the multiorgan and multi-lineage engraftment of the transplanted
hHSCs was detected in this model[10], but by nature of
the transplanted model design, the engraftment levels in
other organs other than hematopoietic system were very
low, thus preventing from in vivo investigating mechanisms
controlling the fates of hASCs residing in other tissues/
organs using this model. Moreover, the mouse recipient
does not have a normal functioning immune system, in
other words, after birth, there is lack of completely normal
physiological environment in this model, but the body’s
immune system is involved in controlling stem cell fates[7].
Against this background, we took advantage of
the proliferative and permissive environment of the
developing pre-immune fetus to develop a human/rat
xenograft animal model through in utero transplanting
human low-density mononuclear cells (hMNCs) from
human umbilical cord blood (hUCB) into fetal rats at the
appropriate pre-immune stage. This humanized model
possess of a completely functional immune system of rats
and potential human immune system reconstructed by
transplanted human donor-derived cells (data reported in
our another upcoming paper).
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MATERIALS AND METHODS
Animals
Pregnant Sprague-Dawley (SD) rats, weighing 250 to 300 g,
were supplied by Center of Experimental Animals, Sun
Yat-sen University, Guangzhou, China. Animal care and
experimentation were performed according to the Study
and Ethical Guidelines for Animal Care, handling and
termination established by the Subcommittee of Sun Yatsen University. The present work was approved by the
Institutional Ethics Review Committee.
Isolation of mononuclear cells from human umbilical cord
blood
The samples of hUCB were obtained from normal fullterm deliveries with informed consent according to
guidelines established by the Institutional Ethics Review
Committee. hMNCs were separated by using a Ficoll/
Hypaque density-gradient centrifugation (P = 1.077
g/mL; Amersham Pharmacia Biotech) according to the
manufacturer’s instructions. After being washed with
phosphate-buffered saline (PBS), hMNCs were suspended
in Iscove’s modified Dulbecco media (IMDM; Gibco
Laboratories, Grand Island, NY) for future use.
Generation of human-rat chimeras
Human-rat hybrid animals were generated as described
by Fleischman and Mintz[11], with minor modifications.
Briefly, micropipettes were prepared from capillary tubing
with a vertical pipette puller, and then broken by hand with
jewelers’ forceps under a dissecting microscope to produce
a tip 20-30 gm in diameter with a sharp-pointed bevel. A
small cotton plug was inserted in the blunt end, and the
sterilized pipette was held in fine plastic tubing attached
to a wider mouth tube. The pregnant female rat on d
9-11 of gestation was anesthetized with nembutal, and
subsequently, the fetuses were exposed through successive
dorsolateral incisions. The tip of the micropipette
containing the fresh cell suspension was inserted through
the uterine wall into each embryo. Each injection included
5 × 10 6 fresh hMNCs. Rats were allowed to continue
gestation, and following birth, peripheral blood (PB),
bone marrow (BM) and other tissue samples from MNCtransplanted rats were obtained at various intervals and
analyzed for human cell engraftment using human-specific
methodologies. All time points given refer to the time
length after birth.
Flow cytometric detection of human donor hematopoietic
cell engraftment
At the indicated time points, 100 μL of PB was collected
from the incised tail tip of rat, then collected blood cells
were incubated for 20 min at 4℃ with both 20 μL of
anti-human CD45 PE-Cy5 (PE-Cy5: phycoerythrin-Cy5)
and 20 μL of anti-human CD3-FITC (FITC: fluorescein
isothiocyanate) or CD20-PE antibodies (Pharmingen), and
finally processed for flow cytometric analysis to determine
human donor contribution in PB of each rat. At the end
of each experiment, MNC-transplanted rats were killed
by CO2 inhalation and BM cells were harvested by tibial
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Table 1 Primer pair used for PCR detection of human gene
Gene

Primer name

Primer sequence

hAlu

hAlu-FP:
hAlu-RP:
Myo-FP:
Myo-RP:

5'-CTGGGCGACAGAACGAGATTCTAT-3'
5'-CTCACTACTTGGTGACAGGTTCA-3'
5’-TTACGTCCATCGTGGACAGC-3’
5’-TGGGCTGGGTGTTAGTCTTA-3’

Myo

and femural aspiration with PBS using a syringe. BM cell
suspensions were filtered through a cell strainer, and then
processed for cytometric analysis to determine human
cell engraftment in BM of each rat after labeling with
the respective antibodies to various cluster designations
directly conjugated with PE, PE-Cy5 or FITC, according
to the manufacturer’s recommendation. Furthermore, antihuman CD45, and CD20 monoclonal antibodies chosen
here specifically react with human markers CD45, and
CD20, thus human CD45+, and CD20+ cells can be easily
distinguished from rat CD45, and CD20 hematopoietic
cells, respectively. PB from normal rat and healthy human
volunteers was used as negative control (NC) and positive
control (PC), respectively.
Detection of human gene from MNC-transplanted rats
using human gene-specific PCR
Human donor contribution in multiple tissues prior to
immunohistochemical assessment was determined by
human gene-specific PCR on genomic DNA prepared with
standard protocols[12] from the various tissues of MNCtransplanted rats that were positive for human CD45
cells in PB detected by flow cytometry. At the indicated
time points, the following tissues were isolated: brain, gut,
heart, kidney, liver, lung, muscle, skin, spleen, stomach and
thymus. Half of each tissue was used for genomic DNA
isolation, the remaining half was embedded in paraffin. For
analysis of human donor engraftment, PCR was performed
with primers (Table 1) specific for human Alu repetitive
sequence (hAlu) to detect human cells by standard
techniques[12] and following the manufacturer’s instructions,
while primers (Table 1) specific for myogenin (Myo) gene
of human and rat were used for PCR internal control.
PC for each PCR used the genomic DNA from human
PB of healthy volunteers, while genomic DNA from
normal rats was amplified as a reaction control (i.e. NC).
Detection of human markers by immunohistochemistry
Tissue samples harvested from rats at the indicated time
points after birth were immediately excised, and then
were fixed in a tube with 100 mL/L formalin. Paraffin
sections (4 μm thickness) were prepared on poly-L-lysine
–coated slides from formalin-fixed, paraffin-embedded
tissues. To facilitate antigen detection, slides were heated in
10 mmoL/L Na-citrate buffer (pH 6.0) at 95℃ for 20 min,
and then cooled at room temperature. Envision system
was used for the immunohistochemical analysis. Human
cells in the aforementioned tissues were detected with
antibodies for β2-microglobulin (Neomarkers), cytokeratin
18 (CK18) (DAKO) and CD45 (DAKO), respectively. The
complex was visualized with DAB and counterstained with

Annealing temperature

PCR product size (bp)

56℃

224

56℃

245

hematoxylin. Moreover, anti-human β 2-microglobulin,
CK18 and CD45 antibodies used as the primary antibody
which specifically react with human β2-microglobulin,
CK18 and CD45, respectively.

RESULTS
Strategy and approach for generating human-rat chimera
model
Essential for better understanding hSC regulation in vivo
is an in vivo model which permits human donor cells to
participate in the generation of a wide variety of tissuespecific human cells within recipients, and further tissue
formation and organogenesis and tissue homeostatic
maintenance of recipients under normal physiological
conditions.
These reasons greatly encourage us to develop a more
powerful small animal model (humanized) for pursuing
hSC basic and pre-clinical researches before proceeding
with clinical trials. The following characteristics prompt
us to employ the developing fetus to produce human-rat
chimeras. During the early development of the immune
system, exposure to foreign antigens leads to sustained
tolerance, making it possible to support the long-term
engraftment and survival of transplanted human donor
cells in the xenogeneic recipient settings[7].
In the developing rat fetus, some significant merits,
including the existence of the naturally occurring migration
patterns of stem cells, the availability of extending homing
and engraftment sites and the presence of tissue- and
organ-specific signals from niche, greatly facilitate the
widespread distribution of human donor cells throughout
the recipient body, and subsequently promote them to
home and engraft into the various tissues and organs (as
many as possible), in which in turn human donor cells are
actively influenced by the signals from niches they reside
to undergo reprogramming, proliferation and directed
differentiation within the specific tissues and organs of
recipient. By making use of this window of opportunity
and performing stem cell transplantation at the appropriate
pre-immune stage of fetal life, significant levels of multiorgan, multi-tissue, multi-lineage engraftment are very
possible, as confirmed by other investigators [7,8]. More
importantly, in contrast to human/mouse xenograft
model from the immunodeficient mice for the study of
stem cell regulation[9], such human-rat chimeras possess
the normal physiological conditions and potential human
immune system reconstituted by donor-derived human
differentiated cells[13].
Ideally, such a human-rat chimera model permits
relatively robust formation of a wide variety of donor-
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Figure 1 A representative two-color flow cytometric analysis for human cell engraftment in PB of human-rat chimeras. After birth, at the indicated time points, peripheral
blood (PB) was collected, and subsequently the collected blood cells were stained with both anti-human CD45 and anti-human CD20 antibodies and analyzed with flow
cytometry. Human PB from healthy volunteers was employed as positive control (PC). Negative control (NC): normal rat PB.

Table 2 Engraftment of human CD45
transplanted recipients
Experiment
No.
1
2
3

Animal Phenotype
No.
661
MNCs
662
MNCs
670
MNCs

Source
hUCB
hUCB
hUCB

+

cells in PB of MNC-

Cell dose
5 × 106
5 × 106
5 × 106

Chimeric/total
animals
8/12
5/8
6/9

Three weeks after birth, PB was collected from MNC-transplanted rats,
followed by measuring the expression of human CD45 maker using flow
cytometry to screen human-rat chimeras. Detection of human cells by flow
cytometry was defined by the presence of human CD45+ cells. No human
marker-positive cells were detected in normal rats of the same age. hUCB:
Human umbilical cord blood; MNCs: Low-density mononuclear cells. Other
details are as in Figure 1.

derived tissue-specific hASCs and their derivatives, and
is also expected to be capable of maintaining the normal
self-renewal, proliferation, differentiation and homing/
migration of donor-derived human adult stem/progenitor
cells in vivo under normal physiological conditions.
Detection of human cell engraftment in PB and BM of
recipients by flow cytometry
As the ability of human donor hematopoietic cells to
engraft and differentiate into all blood cell lineages
in the human/sheep xenograft model has been fully
demonstrated [7] , MNC-transplanted rats were firstly
analyzed for the presence of human hemopoietic cells in
PB by flow cytometry to test the expression of human
marker CD45.
At 3 wk after birth, human-rat chimeras were primarily
identified by measuring the expression of human
leukocyte common antigen CD45 (found on all nucleated
cells of the hemopoietic system) using flow cytometry,
followed by confirming the presence of human CD45positive cells engrafted in PB of recipients (Figure 1 and
Table 2). In three independent experiments, 29 of the
total of 36 recipient rats injected with MNCs were liveborn (Table 2), while 19 out of the 29 live-born recipients
(65.5%) became chimeric (Table 2). Additionally, all of
29 live-born recipient rats were normal, with no signs of
malformations.
Live-born recipients were examined at 3 wk, 2 mo
and 6 mo of age for signs of human cell engraftment in
www.wjgnet.com

Table 3 Percentage of human marker-positive cells detected in
PB and BM from MNC-transplanted rats (mean ± SD)
Marker
CD45

PB
3 wk
0.2 ± 0.06
(n = 19)

2 mo
0.15 ± 0.04
(n = 17)

6 mo
0.09 ± 0.01
(n = 4)

BM
2 mo
1.4 ± 0.36
(n = 8)

6 mo
0.1 ± 0.01
(n = 4)

Human donation contribution in PB and BM were analyzed by two-color
flow cytometry for human-specific marker, i.e. CD45. PB and BM were
collected at 3 wk, 2 mo and 6 mo after birth, respectively. Values for human
marker-positive cells represent the mean ± SD of human cells found in each
of the animals analyzed at a given time point. Other details are as in Figure 1
and Table 2.

PB or BM. Table 3 shows human cell engraftment within
recipients. Engraftment of human CD45+ cells ranged
from 0.05% to 0.3% of the total cells analyzed up to 6 mo
after birth (Figure 1 and Table 3), suggesting the presence
of human mature lymphocytes in recipient PM.
Human cell engraftment analyzed by human gene-specific
PCR
Following flow cytometric analysis, we further assessed
the tissue distribution of donor-derived human cells
using PCR for hAlu, which constitutes 10% of human
genome, on DNA isolated from multiple adult tissues of
MNC-injected rats (n = 19) with human CD45-positive
cell engraftment in PB (Figure 2 and Table 2). At 3 wk, 2
mo and 6 mo of age, 14 adult animals were analyzed by
PCR of hAlu. Two representative PCR analyses of two
recipients are shown in Figure 2A. As shown in Figure
2B, although the pattern of human cell distribution in
individual rats differed, PCR analysis on 11 different adult
tissues revealed that 14 animals had demonstrable donorderived human cell engraftment in hematopoietic and
non-hematopoietic tissues at the time of tissue collection.
Donor contribution was most frequently detected by PCR
in the spleen (9/14), liver (9/14) and thymus (8/14), and
moderate-frequently detectable in the heart (5/14), kidney
(4/14) and brain (4/14), compared to PB (3/14), muscle
(3/14), gut (3/14), lung (3/14) and skin (2/14). Thus,
human donor haematopoietic cells did not show preferred
seeding of haematopoietic tissues. Moreover, human
donor cells were frequently detected in many adult tissues
up to 6 mo later by PCR.
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Figure 2 Human donor contributions in different adult tissues analyzed by human gene-specific PCR. A: Identification of human-specific gene in different adult tissues of
MNC-transplanted rats. To determine human donor contribution in MNC-transplanted rats, PCR was carried out on genomic DNA with primers specific for hAlu gene (Table
1). Two typical analyses of PCR products by agarose gel electrophoresis from positive-control human blood genomic DNA (lane PC), normal/non-transplanted rat genomic
DNA (lane NC) and genomic DNA prepared from different adult tissues, i.e. brain (lane 1), liver (lane 2), heart (lane 3), kidney (lane 4), spleen (lane 5), lung (lane 6), PB
(lane 7), thymus (lane 8), muscle (lane 9), skin (lane 10) and gut (lane 11), of two MNC-transplanted rats are shown. Myogenin (Myo)-specific PCRs were carried out as
for quality and quantity controls of genomic DNA. Data are representative of three independent PCRs that yielded similar results. The arrow indicates the position of PCR
products amplified by the primers shown in Table 1. M1: Molecular weight DNA marker (DL2000, TaKaRa). Other details are as in Figure 1 and Table 2; B: Summary of
tissue distribution of human cells in different tissues of MNC-transplanted adult rats. The total fraction (Σ) of all adults with positive signals in a specific tissue is summarized
below the respective column and also shown as a percentage (%) to enable comparisons. –: No donor signal; +: Positive donor signal.

Detection of human cells in MNC-transplanted rats by
immunohistochemistry (IHC)
As a component of MHC class I molecules, human β2microglobulin is present on almost all cells of the body (red
blood cells are a notable exception). Thus, the presence
of engrafted human cells in some PCR-positive tissues
(i.e. kidney, lung, liver, spleen and thymus) was further
verified by IHC using an antibody specific for human β2microglobulin (Figure 3), indicating that the long-term
engrafted human cells detected in these aforementioned
tissues by PCR were not due to contamination by PB or
other circulating cells. NCs consisting of age-matched
tissues from normal rats were uniformly negative for
β2-microglobulin, suggesting the human specificity of
staining, while the normal adult human lung, liver and
spleen were uniformly positive for β 2-microglobulin

(Figure 3). Furthermore, many human marker-positive cells
in the kidney, lung, liver, spleen and thymus were detected
by IHC as late as 6 mo after birth (data not shown).
Site-specific differentiation for some human cell types
As mentioned above, the engraftment and long-term
survival of donor-derived human cells in multiple adult
solid tissues, such as the liver and spleen, were detected
by human gene-specific PCR and IHC (Figures 2 and 3).
The obvious next question was what the engrafted human
donor cells had actually become. Here, human-specific
differentiation markers CK18 and CD45 were further
employed to examine the cellular nature of the MNCderived human cell populations engrafted in the chimeric
liver, spleen and thymus of recipients by IHC, respectively
(Figure 4).
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Figure 3 Immunohistochemical analysis for human β2-microglobulin antigen in various tissues of MNC-transplanted rats. Human β2-microglobulin-positive cells were
identified in multiple tissues of MNC-transplanted rats by immunohistochemistry (IHC). Brown staining shows positive human cells in various tissues of MNC-transplanted
rats (MTR) and human samples (HS), whereas no positive human cells were found in normal control rats (NR).

We assessed differentiation of human donor cells in the
chimeric liver by IHC using a human-specific antibody
against CK18 (CK18: hepatocyte marker). Cells expressing
www.wjgnet.com

human CK18 could be found in the recipient liver as well as
in human liver, but not in normal control rats (Figure 4),
suggesting human liver-specific differentiation of donor-
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Figure 4 Evidences for site-specific human cell differentiation in the xenogeneic system. Transplanted UCB-derived human cells underwent site-specific differentiation in
various tissues [i.e. liver, spleen and thymus] of MNC-transplanted rats, as confirmed by using human-specific differentiation markers (such as CK18 and CD45). Brown
staining shows CD45-positive human cells in the spleen (A and C) and thymus (G) of MNC-transplanted rats (MTR) and human samples (HS), whereas no positive human
cells are found in the spleen (B) and thymus (H) of normal control rats (NR). Livers (D and F) from MTR and HS are uniformly positive for CK18, while liver (E) from NR is
negative for CK18.

derived human cells within the xenogeneic conditions.
The human spleen serves as a major reservoir for
blood and is the largest lymphatic organ that produces
lymphocytes, such as B cells and T cells; human spleen cell
populations contain cells expressing the leukocyte common
antigen CD45 (Figure 4), a highly glycosylated cell surface
protein found on all nucleated cells of the hemopoietic
system. Immunohistochemical analysis revealed that in the
chimeric adult spleen of recipients, many donor-derived
human cell populations expressed CD45 marker (Figure 4),
indicating the human spleen-specific differentiation of
donor-derived human cells.
We assessed differentiation of hMNCs in the rat
thymus using IHC with a human-specific antibody
against CD45. At 3 wk, 2 mo and 6 mo after in utero
transplantation, multiple human cells detected in the
recipient thymus strongly expressed CD45 (Figure 4),
while the precursor of thymic dendritic cells is thought to

be the hematopoietic stem cell.
In summar y, transplanted UCB-derived human
cells underwent site-specific differentiation into CK18+
human cells in the recipient liver and CD45 + human
cells in the recipient spleen, suggesting that after in utero
transplantation of hMNCs, the transplanted human stem/
progenitor cells successfully engraft into the liver and
spleen of the recipients, subsequently selectively long-term
survive in these organs, and then are actively influenced
by niche signals to participate in organogenesis (for
example liver and spleen) of recipients in the xenogeneic
competitive settings.

DISCUSSION
Advantages of hUCB as a source for stem cell
transplantation
As a source of hSCs, hUCB containing a high rate of
www.wjgnet.com
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circulating stem/progenitor cells (including hematopoietic
stem/progenitor cells and mesenchymal stem/progenitor
cells) is an attractive alternative to BM and PB[14]. Human
stem/progenitor cells from hUCB transplanted into
recipients (such as mice and sheep) can be induced
in vivo to differentiate into almost all of cells of three
germ layers, including blood components, heart, kidney,
lymphoid organs, bone and muscle (from the mesoderm
layer of the embryo), epithelial cells in the liver, lung and
gut (endoderm layer), and epithelial cells in skin and neural
cells (ectoderm layer)[7,8,10,13,15]. Therefore, in the present
investigation, hUCB was used as a transplantable source of
stem/progenitor cells to make human-animal chimeras.
Multiorgan engraftment and unevenly distribution of
donor-derived human cells
Unlike previous transplantation systems which often
transplanted stem cells/progenitor cells by intravenous
(iv) injection into irradiated immunedeficient mice, in utero
transplantation was employed to introduce MNCs into
the fetal rats at the pre-immune stage. We put forward
the hypothesis that the transplanted MNCs undergo
adaptive processes for survival in recipients triggered by
local host niche. Despite their UCB origin, these stem
cells apparently adapt to rat microenvironments through
mechanisms that might be more efficient for engraftment,
survival, proliferation and differentiation in other tissues,
such as liver, spleen and thymus, rather than blood, muscle,
gut, lung and skin (Figure 2). Even within the same
organ in different animals, engrafted cells were unequally
distributed. It would be very interesting to demonstrate
whether these observations reflects the distribution
pattern of stem/progenitor cells, the existence of
microenvironment favorable for human cell engraftment,
or other unknown mechanisms.
In theory, foreign cells transplanted to embryonic
environment (e.g. blastocyst and in uter o ) may be
provided with all the possible lineage options available
during development [16] . But as shown in Figure 2,
higher levels of human cell engraftment occurred in
solid organs examined, compared with blood, which
was consistent with the goat results reported by Zeng
et al[8]; in addition, the chimerism was also nonuniformly
distributed over all solid organs analyzed, as mentioned
in mice [5,17,18] . The different patterns of human cell
distribution over all tissues analyzed in individual animal
may be largely owing to the xenogeneic setting diversity
of recipients, cell sources, the discrepancy of cellular
components of transplanted cells from various donors,
the transplantation routes (such as blastocyst injection and
in utero transplantation), non-consistency (such as site and
time of injection) of manipulation each time and other
unknown reasons. For example, among mesenchymal stem
cells (MSCs), CD34 + cells and non-MSCs/CD34 - cells
from human BM, MSCs are the most potent component
in hepatic differentiation[19]; in vitro long-term culture may
alter the natures and phenotypes of stem/progenitor
cells, and further influence their engrafting capability in
xenogeneic settings[20].
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Optimal transplantation approach and time
When hUCB-derived CD34+ cells[18], human acute myeloid
leukemia cells [17] and mouse FDCPmix cells (murine
progenitor cells of haematopoietic origin; Petrovic et al[21])
were microinjected into murine blastocysts, respectively,
they preferentially engrafted in PB and yolk sac of
embryos, and less frequently detected in other tissues of
embryos or adults.
While mouse and human adult stem cells were in
utero transplanted into the fetus at a couple of days of
gestation, adult engraftment of allogeneic and xenogeneic
cells were frequently detectable in hematopoietic and nonhematopoietic organs, including PB, BM, spleen, liver,
kidney, thymus, muscle, lung, gut, stomach, skin, brain and
heart of the recipient sheep[5,7], mice[6,22], monkeys[3], pigs[2]
and goats[8,23], and rats in this study, although the pattern
of allogeneic and xenogeneic transplanted cell distribution
over all tissues examined in individual recipient differed.
It is well known that multipotent adult stem/progenitor
cells can in vitro and in vivo give rise to many cell types under
the right conditions, while totipotent embryonic stem cells
(ES cells) microinjected into blastocysts can differentiate
into all tissue types in chimeras under the appropriate
conditions (such as blastocyst stage)[16]. In animals and
human, ES cells appear at the early developmental
stage, followed by the disappearance of ES cells and the
appearance of adult stem/progenitor cells. Theoretically,
foreign cells, such as ES cells and adult stem/progenitor
cells, introduced to embryonic environment may be
provided with all the possible lineage options available
during development[16], but the aforementioned findings
seem to suggest that blastocyst stage is pretty suitable for
the engraftment, survival, proliferation and differentiation
of ES cells, but not adult stem/progenitor cells in
allogeneic and xenogeneic recipient microenvironment
because the engraftment, survival and proliferation of
adult stem/progenitor cells in blastocyst might be greatly
influenced by competition of endogenous ES cells in inner
cell mass, whereas fetuses are capable of supporting the
engraftment, survival, proliferation and differentiation of
adult stem/progenitor cells in allogeneic and xenogeneic
settings which may provide certain developmental cues
that do not exist in embryonic stage, as supported by
findings[24].
Potential applications of humanized human-rat chimeras
Currently, broader clinical applications of stem cells
urgently need a humanized surrogate animal model that
can more precisely and realistically mimic the in vivo
environment in human more closely to greatly facilitate
investigators to examine the related mechanisms in vivo. As
described above, human/rat xenogeneic chimeras appear
to be just in vivo small animal model.
At present, strategies and approaches for conditional
loss-of-gene-function and conditional gain-of-genefunction in stem cell of human, rats and mice have been
well established. When used in combination with molecular
tools that can modify genetic activity in vivo in a timeand lineage-specific manner in the cell population under
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scrutiny, this humanized chimera will offer practically
unlimited options for a precise, in-depth and large-scale
analysis of gene function, and further precisely and
realistically define the biological processes and pathological
processes. The embryonic and adult chimeras have proven
to be very useful for elucidating gene function in mice.
As aforementioned, the potential applications of the
humanized small animal model is not limited to follow the
fates of transplanted-human donor cells engrafted in the
multiple tissues of recipients (Figures 3 and 4) and be fully
dissecting mechanisms controlling human stem cell fates in
vivo[25], but also to the analysis of human tissue formation
and organogenesis, postnatal maturation, bodily function,
tissue homeostatic maintenance, and to be human disease
model (e.g. cancer, hepatitis and HIV) under non-injured
conditions. Human/rat xenogeneic chimeras also provide
a unique in vivo system for investigating immune tolerance
as well as completely evaluating the efficacy and safety of
stem cell-related products and stem cell therapy strategies
and programs under normal physiological conditions.
Remaining constraints of human/rat xenogeneic
chimeras include (1) un-consistent engraftment of human
cells within the same organs of different individuals, and (2)
un-adequate quantity of human cells engrafted in PB, BM,
kidney, lung, liver and spleen of human-rat chimerics. The
countermeasures to eliminate the above constraints include
(1) definite cell components of human stem/progenitor
cells used for transplantation, (2) standard manipulation of
transplantation, and (3) the need for genetic modifications
to further humanize the host strain[9]. For example, the
proper development and function of the transplanted cells
might need the transgenic expression of human-specific
cytokines, and the transgenic expression of humanspecific adhesion molecules might greatly facilitate proper
trafficking of human cells throughout the recipient body
and subsequently to home and engraft into the various
tissues and organs of recipients as many as possible, and
so on. Despite these limitations, humanized rats offer great
promise as in vivo small models for the pre-clinical testing
of drugs and human cell-based therapeutics before their
advancement to the clinic.
In conclusion, we take advantage of the highly
proliferative and per missive environment of the
developing pre-immune fetus to successfully create a
human/rat xenograft small animal model. Humanized
animals can provide insights into in vivo human biology
that would otherwise not be possible owing to ethical,
logistical and/or technical limitations and constraints.
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Abstract
AIM: To investigate the expression patterns of TTYH2 in
the human colon cancer and colon cancer cell lines and
to evaluate the inhibitory effect of small interfering RNA
(siRNA) on the expression of TTYH2 in colon cancer cell
lines.
METHODS: We investigated the expression patterns
of TTYH2 in colon cancer, adjacent non-tumorous colon
mucosa, and cancer cell lines (DLD-1, caco-2, and Lovo)
by RT-PCR. Furthermore, a siRNA plasmid expression
vector against TTYH2 was constructed and transfected
TM
into DLD-1 and Caco-2 with Lipofectamine 2000. The
down regulation of TTYH2 expression was detected
by RT-PCR and the role of siRNA in inducing cell
proliferation and cell aggregation was evaluated by MTT
and aggregation assay.
RESULTS: TTYH2 gene expression in colon cancer tissue
was significantly up-regulated compared with normal
colonic mucosa (1.23 ± 0.404 vs 0.655 ± 0.373, P =
0.0103). Colon cancer derived cell lines including DLD-1,
Caco-2, and Lovo also expressed high levels of TTYH2.
In contrast, transfection with siRNA-TTYH2 significantly
inhibited both proliferation and scattering of these cancer
cell lines.
CONCLUSION: The present work demonstrates, for the
first time, that the TTYH2 gene expression is significantly
up-regulated in colon cancer. The TTYH2 gene may play
an important role in regulating both proliferating and

INTRODUCTION
It is well accepted that colorectal cancer develops in
multiple steps with accumulation of genetic aberrations
such as activation of oncogenes and inactivation of tumor
suppressor genes[1]. However, detailed delineation of the
carcinogenesis process has not yet been accomplished
and, naturally, a complete cure for patients with advanced
colorectal cancer must await new targets and strategies,
despite the number of therapeutic approaches that have
so far been exploited. As a consequence, colorectal
carcinoma is one of the most common causes of cancerrelated deaths in the Western world. More desirable
therapies require diagnosis of colorectal cancer at early
stages and treatments with more efficient drugs. One way
to achieve this goal is to identify and characterize the key
molecules participating in colon tumorigenesis[2].
Rae et al[3] demonstrated that a novel gene was upregulated in renal cell carcinoma using differential display
PCR. Characterization of the full-length cDNA and gene
revealed that the encoded protein is a human homologue
of the Drosophila melanogaster tweety protein, and the
novel protein has been termed TTYH2.
TTYH2 is located at 17q24. The encoded human
TTYH2 protein has 534 amino acids and, like the
other members of the tweety-related protein family, is
a putative cell surface protein with five transmembrane
regions[3]. Using comparative genomic hybridization, highwww.wjgnet.com
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level amplification of 17q24-q25, the region containing
TTYH2, has been found in adrenocortical tumors[4], brain
metastases of solid tumors[5], and muscle-invasive bladder
cancer[6]. These findings could suggest that up-regulated
TTYH2 gene expression might play an important role
in the carcinogenesis of various cancers. Furthermore,
TTYH2 functions as a cell surface receptor, and its upregulation may give a growth advantage or metastatic
ability to cancer cells.
The aim of this study was to evaluate whether TTYH2
gene expression is altered in colorectal cancer compared
with a normal colon, and furthermore to elucidate the
role of this putative transmembrane protein in colon
cancer cells by sequence-specific silencing of TTYH2 gene
expression.

MATERIALS AND METHODS
Patients and tissue samples
A total of twelve colorectal primary cancer tissues and
corresponding normal colonic epithelium specimens
were obtained from surgical resections. All patients
with tumors were diagnosed at an advanced stage, and
all normal tissues were histopathologically confirmed
to be free of cancer. A piece of each tissue sample was
immediately frozen in liquid nitrogen on resection and
stored at -80℃ until use. All patients were investigated
after obtaining their informed consent to participate in
this study. Investigations were performed in accordance
with the Helsinki Declaration, and were approved by the
Institutional Review Board.
Cell lines and culture conditions
Three human colon cancer cell lines, DLD-1, Caco-2 and
Lovo were obtained from the RIKEN Cell Bank (Ibaragi,
Japan). These cells were grown in monolayer culture in
RPMI 1640 (Sigma-Aldrich Inc. St Louis, MO, USA),
supplemented with fetal bovine serum (10% (v/v); Gibco
BRL, Tokyo, Japan), glutamine (2 mmol/L), penicillin
(100 000 U/L), streptomycin (100 mg/L), and gentamycin
(40 mg/L), at 37℃ in a 5% CO2 environment. For routine
passages, cultures were split 1:10 when they reached 90%
confluence, generally every 3 d. For all experiments, cells at
the fifth to ninth passage were used. All experiments were
performed with exponentially growing cells.
Total RNA isolation
All mucosa were dissected from the underlying tissue
and homogenized in Physcotron (NITI-ON, Japan) for
the isolation of total RNA. Total RNA was extracted
with Sepasol-RNAⅠ(Nacalai Tesque, Tokyo, Japan), and
the quality of the total RNA was judged from the ratio
between 28S and 18S RNase after 1% hormarine gel
electrophoresis. Contaminated genomic DNA template
was removed by DNase1 treatment (Takara 2215A).
RT-PCR
Oligo(dT)-primed cDNA was prepared from this RNA
(2 μg) by reverse transcription using an Omniscript RT
kit (QIAGEN). RT-PCR was performed using specific
primers for TTYH2 and β-actin. Primer sequences were
www.wjgnet.com
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as follows: β-actin, 5'-ACAGAGCCTCGCCTTTGC -3'
(sense primer) and 5'-GCGGCGATATCATCATCC-3'
(antisense primer); and TTYH2, 5'-CGGGATCCGCCA
TGGGCACGCGTCTGCCGCTCGTCCTG-3’ (sense
primer) and 5’-CCGCTCGAGGAACAAGCCTTTAACT
TGTTCTGTTTCGG-3’ (antisense primer).
The PCR reactions included 2 × GC buffer, 2.5 mmol/
L dNTP mix, 80 ng of each primer, and LA taq DNA
polymerase. Optimum cycling parameters, in the linear
range of amplification, consisted of 30 sec of denaturation
at 94℃, 30 sec of annealing at 58℃, and 2 min of
elongation at 72℃, and 30 cycles were performed for the
selected gene. A control PCR was also done for β-actin,
which served as a standard for sample normalization
for 25 cycles. Amplified products were separated
electrophoretically, visualized, and photographed under
UV light after ethidium bromide staining. Gel density
was calculated using Sicon Image (downloaded from the
web site: www.siconcorp.com), and gene expression was
quantified.
siRNA and transfection of RNA oligonucleotides
Construction of siRNA expression plasmids was based
on the U6 siRNA expression vector (Takara, Mie, Japan),
which includes a human U6 promoter, a puromycinresistance gene, and two BspMI sites. The set of sense and
antisense oligonucleotides were annealed and ligated into
the vector. Sense oligo: CACCGCTTGAATCTCGTCTT
CCTACGTGTGCTGTCCGTAGGAAGATGAGGTTC
AGGCTTTTT; antisense oligo: GCATAAAAAGCCTG
AACCTCATCTTCCTACGGACAGCACACGTAGGAA
GACGAGATTCAAGC. Approximately 1.5 × 105 cells/
well were plated in a 12-well plate in media containing
10% FCS to give 80%-90% confluence, and transfection
of U6 siRNA-TTYH2 plasmids was performed using
Lipofectoamine 2000 (4 μL/well; Life Technologies Inc.)
to result in a final RNA concentration of 100 nmol/L.
After 48 h, the cells were lysed, and RNA was isolated as
described above. Expression of the gene was evaluated by
RT-PCR, and siRNA expression vectors without inserts
were used as controls (Takara).
Cell proliferation assay
Cell proliferation assay was evaluated using a Cell
Counting Kit (Dojindo Laboratories, Japan) according
to the manufacturer’s instr uctions. Cells 24 h after
transfection and control cells (1 × 102 cells/well) were
seeded into 96-well cell plates (Becton Dickinson Labware,
NJ, USA) in 100 μL of culture medium. After incubation
for 0 h, 24 h, 48 h, and 72 h, the medium was discarded
and replaced with 90 μ L of fresh medium, followed
by the addition of 10 μ L WST-8 reagent solution and
incubation for 4 h at 37℃ in the incubator. Cell viability
was determined according to a colorimetric comparison
by reading optical density values from a microplate reader
(SoftMax, Molecular Devices Corporation, CA, USA) at an
absorption wavelength of 450 nm.
Aggregation assay
Cells were grown to confluence in 60-mm tissue culture
dishes. Cultures were trypsinized (0.04% trypsin in
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Figure 1 RT-PCR analysis of TTYH2 gene expression in colon cancer cell lines (Caco-2, DLD-1, Lovo), colon cancer tissues, and normal colonic mucosa. A: RT-PCR
was performed on four paired colon cancer and distant normal colonic mucosa specimens, as well as three colon cancer cell lines. β-actin was used as a control for cDNA
synthesis; B: Semi-quantification of TTYH2 gene expression (TTYH2/β-actin) was performed in twelve paired colon cancer tissue and normal colonic mucosa specimens
using NIH imaging software.

PBS containing 1 mmol/L Ca2+) to prepare single-cell
suspensions and were re-suspended in complete medium.
Samples of 2 mL containing 2 × 10 6 single cells were
incubated at 37℃ with constant shaking at 90 r/min for
a total of 30 min. At 0 min and 30 min, the number of
single cells was counted using a hemocytometer. The rate
of aggregation was calculated as the percentage of the
number of single cells in a microscope field using the
formula [(N0-N1)/N0] × 100, where N0 is the total number
of cells and N1 is the number of single cells detected in
the cultures at the different incubation times.
Statistical analysis
The results are expressed as mean ± SD. The MannWhitney U test was used for comparisons among
unpaired groups. Results of two-sided statistical test in
which P values were less than 0.05 were considered to be
statistically significant.

RESULTS
Differential expression patterns of TTYH2 gene in
colorectal cancer, normal colonic mucosa, and colon
cancer cell lines
Using RT-PCR, we showed that TTYH2 is upregulated in
four colon cancers of four paired samples and essentially
no expression, or low levels, of TTYH2 expression in the
normal colon samples. In addition, RT-PCR performed
on the colon cancer-derived cell lines Caco-2, Lovo and
DLD-1 indicated that this gene is high expressed in these
cell lines (Figure 1A). To confirm the up-regulation of this
gene in colon cancer and to examine a larger number of
samples, we performed semi-quantitative RT-PCR eight

matched colon cancer and normal colon paired samples.
As shown in Figure 1B, TTYH2 gene expression in colon
cancer tissue were significantly up-regulated compared
with normal colonic mucosa (1.230 ± 0.404 vs 0.655 ±
0.373, respectively: P = 0.013).
Reduced TTYH2 expression affects growth characteristics
of Caco-2 and DLD-1 cells
To determine any changes occurring in the cell growth
pattern due to reduced TTYH2 expression, 1.5 × 105 cells/
well were plated in a 12-well plate in media containing
10% FCS to give 80%-90% confluence. We examined
whether down-regulation of TTYH2 influenced the
growth of Caco-2 and DLD-1. Figure 2A and B show that
transfection with U6 siRNA-TTYH2 plasmids obviously
inhibited the proliferation of Caco-2 and DLD-1 cells
compared with the control plasmid during the course of
the study.
Aggregation potential in DLD1 and Caco-2 cells
transfected with antisense-TTYH2 construct
Varieties of phenotypic characteristics are required for
a cancer cell to successfully complete the metastatic
cascade. Among these, acquisition of a motile phenotype
is needed for the cell to become metastatically competent.
The other factors that may critically affect tumor cell
metastasis are the aggregation and adhesive properties
of the cells. These properties are usually altered in tumor
cells, either because of direct changes in the expression
of cell surface adhesion molecules or because of changes
in other membrane proteins that can potentially disrupt
the interaction between these adhesion molecules [7,8,12].
Therefore, we sought to determine whether reduced
www.wjgnet.com
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Figure 2 Growth kinetics of colon cancer cell lines (A: Caco-2, B: DLD-1) (U6 siRNA-TTYH2 plasmids) compared with control cell lines (control plasmids). Growth curve
plotted for cell number versus time of incubation (0 h, 24 h, 48 h and 72 h) of colon cancer cell line in vitro. The date indicated the mean ± SD of the experiments carried out
in triplicate. aP < 0.05 vs control.
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Figure 3 A: Multiple fields were photographed at 0 min and 30 min. Pictures were taken at 10 × magnification and are representative of four experiments performed in
triplicate. DLD-1 (U6 siRNA-TTYH2 plasmids) (lower panel) show increased cell-cell aggregation compared with control cells (upper panel); B: The rate of aggregation
potential was calculated as the percentage of the number of single cells in a microscope field using the formula [(No - N1)/No] × 100, where No is the total number of cells
and N1 is the number of single cells detected in the cultures at the different incubation times. The data represent the means ± SD of four experiments.

expression of TTYH2 would influence the aggregation of
DLD-1 and Caco-2 cells. Down-regulations of TTYH2
in DLD-1and Caco-2 by transfection with U6 siRNATTYH2 plasmids resulted in significantly enhanced
aggregation compared with control cells (P = 0.0025, P =
0.0047). The rates of aggregation potential for transfected
DLD-1 cells and control DLD-1 cells were 62.3% ± 9.1%
and 35.2% ± 5.9% respectively. The rates of aggregation
www.wjgnet.com

potential for transfected Caco-2 cells and control caco-2
cells showed the same pattern of DLD-1 cells (59.3% ±
12.4% and 27.1% ± 7.9%, respectively) (Figure 3A and B).

DISCUSSION
This study is the first to compare TTYH2 gene expression
patterns between paired colon cancer and histologically
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normal colonic mucosa. Using semi-quantitative RTPCR, TTYH2 gene expression was significantly upregulated in colon cancer tissue compared with normal
mucosa. TTYH2 gene expression in colon cancer cell
lines (Caco-2, Lovo, and DLD-1) was also high compared
with normal colonic mucosa. It is therefore conceivable
that up-regulation of TTYH2 is an event in the malignant
transformation of the colonic mucosa.
A motif scan showed that TTYH2 contains five
predicted transmembrane domains. Furthermore, a recent
study[9] demonstrated that TTYH2 was expressed as a Ca2+dependent inward rectifier chloride channel in transfected
Chinese hamster ovary cells. Its up-regulation may give a
growth advantage or metastatic ability to colon cancer. To
further elucidate the role of this putative transmembrane
protein in colon cancer, we investigated whether the
silencing of TTYH2 expression results in altered tumor
cell behavior (e.g. growth pattern and metastasis) in colon
cancer cell lines.
Normal cell growth is maintained and modulated by
positive (cell proliferative) and negative (apoptotic) signals.
Loss of regulatory mechanisms as a consequence of either
loss of tumor suppressor gene function or deregulated
tumor progressor gene function may contribute to the
oncogenic process. The present study shows that Caco-2
and DLD-1 transfected with a silencing-TTYH2 vector
exhibited suppressed tumor cell growth with low TTYH2
expression. Therefore, the data indicates that TTYH2
possesses a tumor progressor function in colon cancer.
In vivo metastasis of tumor cells is an extremely
complicated process that involves several consecutive
events (i.e. detachment of tumor cells from primary
site, intravasation into bloodstream, evasion of immune
surveillance, adherence to vascular endothelial cells
of distant organs, and finally extravasation into such
tissues) [10,11]. During the initial process of tumor cell
metastasis, weakening of cell-matrix and cell-cell
interactions is imperative for the detachment of tumor
cells from primary sites.
Over expression of cell surface Muc4/SMC has been
reported to disrupt integrin-mediated cell adhesion as well
as homotypic cell-cell interactions, causing the dissociation
of tumor cells in culture[12]. Furthermore, MUC1 has been
implicated in determining the adhesion properties of cells,
primarily through the modulation of integrin-mediated
adhesion in melanoma cell lines [13]. Similarity, TTYH2
contains a RGD motif potentially capable of integrin
binding[9]. Consistent with the proposed mechanism, the
present data demonstrated enhanced adhesion and cell-cell
aggregation in low TTYH2-expressing Caco-2 and DLD-1
cell lines.
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In conclusion, we propose that TTYH2 is implicated
in tumor growth and metastasis by directly altering tumor
cell properties (aggregation). The present work is the first
demonstration of a direct association of TTYH2 with the
metastatic colon cancer phenotype. Moreover, it provides
evidence for the functional role of TTYH2 in tumor
cell growth and behavior and suggests a critical role for
TTYH2 up-regulation in colon adenocarcinoma.

REFERENCES
1
2

3

4

5

6
7
8

9
10
11
12

13

Kountouras J, Boura P, Lygidakis NJ. New concepts
of molecular biology for colon carcinogenesis.
Hepatogastroenterology 2000; 47: 1291-1297
Kitahara O, Furukawa Y, Tanaka T, Kihara C, Ono K,
Yanagawa R, Nita ME, Takagi T, Nakamura Y, Tsunoda
T. Alterations of gene expression during colorectal
carcinogenesis revealed by cDNA microarrays after lasercapture microdissection of tumor tissues and normal epithelia.
Cancer Res 2001; 61: 3544-3549
Rae FK, Hooper JD, Eyre HJ, Sutherland GR, Nicol DL,
Clements JA. TTYH2, a human homologue of the Drosophila
melanogaster gene tweety, is located on 17q24 and
upregulated in renal cell carcinoma. Genomics 2001; 77: 200-207
Dohna M, Reincke M, Mincheva A, Allolio B, Solinas-Toldo S,
Lichter P. Adrenocortical carcinoma is characterized by a high
frequency of chromosomal gains and high-level amplifications.
Genes Chromosomes Cancer 2000; 28: 145-152
Petersen I, Hidalgo A, Petersen S, Schlüns K, Schewe C,
Pacyna-Gengelbach M, Goeze A, Krebber B, Knösel T,
Kaufmann O, Szymas J, von Deimling A. Chromosomal
imbalances in brain metastases of solid tumors. Brain Pathol
2000; 10: 395-401
Simon R, Burger H, Semjonow A, Hertle L, Terpe HJ, Bocker
W. Patterns of chromosomal imbalances in muscle invasive
bladder cancer. Int J Oncol 2000; 17: 1025-1029
Sommers CL. The role of cadherin-mediated adhesion in
breast cancer. J Mammary Gland Biol Neoplasia 1996; 1: 219-229
Truant S, Bruyneel E, Gouyer V, De Wever O, Pruvot
FR, Mareel M, Huet G. Requirement of both mucins and
proteoglycans in cell-cell dissociation and invasiveness of
colon carcinoma HT-29 cells. Int J Cancer 2003; 104: 683-694
Suzuki M, Mizuno A. A novel human Cl(-) channel family
related to Drosophila flightless locus. J Biol Chem 2004; 279:
22461-22468
Fidler IJ. Critical factors in the biology of human cancer
metastasis: twenty-eighth G.H.A. Clowes memorial award
lecture. Cancer Res 1990; 50: 6130-6138
Folkman J. Endothelial cells and angiogenic growth factors in
cancer growth and metastasis. Introduction. Cancer Metastasis
Rev 1990; 9: 171-174
Komatsu M, Carraway CA, Fregien NL, Carraway KL.
Reversible disruption of cell-matrix and cell-cell interactions
by overexpression of sialomucin complex. J Biol Chem 1997;
272: 33245-33254
Wesseling J, van der Valk SW, Vos HL, Sonnenberg A,
Hilkens J. Episialin (MUC1) overexpression inhibits integrinmediated cell adhesion to extracellular matrix components. J
Cell Biol 1995; 129: 255-265
S- Editor Liu Y L- Editor Li M E- Editor Chen GJ

www.wjgnet.com

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

World J Gastroenterol 2007 May 21; 13(19): 2722-2726
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

RAPID COMMUNICATION

Impact of hepatitis C virus infection on lifestyle
Paola Scognamiglio, Vincenzo Galati, Assunta Navarra, Maria Antonella Longo, Maria Stella Aloisi, Maria Giulia
Antonini, Massimo Puoti, Piero Luigi Almasio, Giuseppe Ippolito, Enrico Girardi
Paola Scognamiglio, Vincenzo Galati, Assunta Navarra, Maria
Antonella Longo, Maria Stella Aloisi, Giuseppe Ippolito,
Enrico Girardi, Istituto Nazionale per le Malattie Infettive, “L.
Spallanzani” IRCCS, Roma, Italy
Maria Giulia Antonini, Massimo Puoti, Cattedra di Malattie
Infettive, Università di Brescia, Italy
Piero Luigi Almasio, Cattedra di Gastroenterologia, Università di
Palermo, Italy
Supported by a grant from Minister of Health (Ricerca Corrente
2001), Linea 1
Correspondence to: Paola Scognamiglio, Istituto Nazionale per
le Malattie Infettive, “L. Spallanzani” IRCCS, Via Portuense 292,
Roma 00149, Italy. scognamiglio@inmi.it
Telephone: +39-6-55170936 Fax: +39-6-5582825
Received: 2007-01-19
Accepted: 2007-02-08

Abstract
AIM: To evaluate the impact of the diagnosis of hepatitis
C infection on lifestyle habits such as smoking, drinking,
sports activity and diet.
METHODS: A self-administered, anonymous questionnaire was offered to out-patients with HCV infection
consecutively attending three clinical centres in Italy.
RESULTS: Of the 275 respondents, 62.2% (171) were
male. Mean age was 51 (range 20-80) years. Overall,
after the diagnosis of hepatitis C, 74.5% of drinkers had
modified (giving up or reducing) alcohol consumption,
21.3% of smokers had modified their habits and 32.3%
of subjects who reported sports activity had either
stopped or reduced frequency of activity or chose a less
fatiguing sport. Sixty-four percent of the respondents
reported having modified their diet, most of them on
physician's advice.
CONCLUSION: After the diagnosis of hepatitis C many
patients correctly modified their alcohol consumption and
a minority their smoking habits. The reason for reported
changes in diet and physical activity needs further
investigations.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatitis C vir us (HCV) is now the most frequent
cause of chronic liver disease, including cirrhosis and
hepatocellular carcinoma (HCC)[1]. HCV may diminish
health-related quality of life (HRQOL) also in the absence
of clinically significant liver disease; in particular the
impact of HCV seems to be most dramatic in social and
physical function, general health and vitality[2]. Physicians
involved in the management of chronic hepatitis C are
consulted by their patients regarding measures that may
prevent further liver disease progression and about correct
health-related behaviours such as nutrition or physical
activity. However current international guidelines do not
address these issues with the exception of alcohol and
obesity[3-8], while evidence on the influence of lifestyle on
disease progression and outcome are accumulating[9-11]. In
contrast, reflecting patients’ needs for specific information,
recommendations about health-promoting lifestyle for
individuals with hepatitis C infection are widely available
on web sites or magazines.
There are few data available regarding how many
patients with hepatitis C infection change their lifestyle,
adopting healthy behaviours and/or unnecessar y
restrictions [12-14]. This information is necessary to plan
educational programmes and to improve counselling given
to chronic hepatitis C patients.
Here we report results from a questionnaire-based
survey we conducted among out-patients attending three
clinical centres in Italy, on the impact of the diagnosis of
hepatitis C infection on lifestyle habits such as smoking,
drinking, sports activity and diet.

MATERIALS AND METHODS
Subjects
Between July 2001 and October 2002 we have consecutively offered a self-administered, anonymous questionnaire
to out-patients with HCV infection attending three clinical
centres in Italy (National Institute of Infectious Disease L.
Spallanzani, Rome; Gastroenterology Unit, University of
Palermo; Department of Infectious and Tropical Diseases,
University of Brescia).
The questionnaire contained 67 items investigating
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Table 1 Characteristics regarding the history of infection of
275 respondents
Years since HCV (+) (median ± SD)
Age at diagnosis (median ± SD)
First visit n (%)
Years of follow-up n (%)
<1
1-2
3-4
5-6
>7
not known
Healthcare provider n (%)
family physician
hepatologist
other
not known
Visits during the last year n (%)
0
1
2-4
>4
not known
Liver biopsy n (%)
Treatment n (%)

5+4
46 + 14.1
23 (8.4)
47 (17.1)
47 (17.1)
38 (13.8)
34 (12.4)
67 (24.4)
19 (6.8)
11 (4)
218 (79.3)
10 (3.6)
13 (4.7)
10 (3.6)
35 (12.7)
84 (30.5)
114 (41.5)
9 (3.3)
213 (77.5)
186 (67.6)

the following areas: (1) Sociodemographic characteristics
(gender; age; years of education; job status; marital status);
(2) Health status and lifestyle (smoking and drinking habits;
diet; sports activity; risk factors for HCV); (3) History
of infection/disease (date of first HCV-Ab positive test;
reason for HCV-Ab test; years of clinical follow-up;
number of visits in the last year; healthcare provider; liver
biopsy; treatment); (4) Information sources on hepatitis C;
(5) Knowledge on hepatitis C virus infection (transmission;
progression of disease and treatment); (6) Current at-risk
behaviours (sexual behaviours; drug addiction). In the
present study we analyzed only answers to the first 4 areas
of the questionnaire.
Informed consent was obtained from participants and
our ethics committee approved the study.
Statistical analysis
Chi-square test and Fisher's exact test were performed.
Only questionnaires with a rate of missing answers less
than 20% were considered valid for statistical analysis; this
rate was calculated on 31 items to which all patients had to
answer. Data were entered into an Access database, verified
by double entry and analyzed using SPSS package (version
11.00 SPSS Inc., Chicago, Illinois). To verify the validity
of the questionnaire as a good source of information, for
19 subjects we compared the information obtained for 2
items (liver biopsy; antiviral treatment) with pertinent data
derived from their clinical records by using the kappa (κ)
measure of agreement. Results of this comparison show
a high degree of accordance: liver biopsy ( κ = 1) and
antiviral treatment (κ = 1).

RESULTS
Of the 303 enrolled patients, 275 returned a valid
questionnaire (102 from Rome, 86 from Palermo and 87
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from Brescia). Of the 275 respondents, 62.2% (171) were
male. Mean age was 51 (range 20-80) years and median
age was 53 + 13.7 years (SD). Regarding formal education,
53.3% had attended school for 8 years, 34.9% for 9-13
years and 11.3% for 14 years or more. Forty-eight percent
of patients were employed and most (70.5%) were married
and not living alone. Table 1 shows the distribution of
characteristics regarding the history of infection. The
most commonly reported potential risk factors for HCV
acquisition were: surgical procedures (55.3%); transfusion
before 1992 (15.3%); injection drug use (12.4%); tattoo/
piercing (6.9%); sexual partner infected with HCV (6.9%);
sexual intercourses with injection drug users (11.6%).
Twenty-eight percent of patients reported more than one
risk factor.
Information on hepatitis C was received by a healthcare
provider (mostly a physician) in 270 cases (69% of
answers). Additionally, more than 30% of patients
retrieved information through the media (internet, TV,
magazines) (86 cases; 21.9% of answers) and 13% through
relatives or friends (35 cases, 8.9% of answers).
Impact of hepatitis C diagnosis on lifestyle
Fifty-six percent (55.6%) (153/275) of the respondents
reported alcohol consumption. One hundred-sixteen
subjects were former drinkers, in particular 89 stopped
drinking after the diagnosis of hepatitis C. Thirty-seven
subjects were current drinkers with a moderate alcohol
consumption according to WHO limits (< 28 U/wk for
men and < 14 U/wk for woman)[15]; 25 of these reduced
their alcohol consumption after the diagnosis of hepatitis C.
Overall, 74.5% (114/153) of these subjects had modified
their drinking habits due to HCV infection.
Sixty-five percent (178/275) of the respondents
reported tobacco consumption. Eighty-four subjects
were former smokers, in particular 12 had given up after
the diagnosis of hepatitis C, while 90 (32.7% of the
respondents) were current smokers, 25 of whom reduced
their tobacco consumption after the diagnosis of hepatitis
C. Overall, 20.8% (37/178) of these subjects had modified
their smoking habits due to HCV infection.
Approximately half of the respondents practiced
sports, 32.3% (44/136) of whom had modified their
habits after the diagnosis of hepatitis C. In particular,
15 stopped their practice, 16 reduced their frequency
and 13 chose a less fatiguing sport. The percentage of
HCV drinkers with other overlapping habits (sports
activity, tobacco consumption) was 86.9% (133/153); the
percentage of smokers with other overlapping habits was
82% (146/178) and that of patients practicing sports with
other overlapping habits was 89% (121/136) (Figure 1A).
Overall, 227 respondents reported smoking, alcohol, sports
or a combination of these, and 150 (54.5%) modified at
least one of these habits, while 77 did not (Figure 1B).
Sixty-four percent (176/275) of the respondents
reported to have modified their diet after the diagnosis
of hepatitis C, particularly reducing their fat intake
(138 patients) and/or reducing consumption of some
foods (88 patients) such as fried food, sausages, fat food
and chocolate. Most of those who modified their diet
because of hepatitis did so on medical advice, either from
www.wjgnet.com
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Patients who reported smoking, alcohol
consumption and sports activity (n = 227)
Sport
(n = 136)

15
27

14
80

32

20
39

Smoking
(n = 178)

B

Alcohol
(n = 153)
Patients not modifing their habits (n = 77)
Sport
(n = 44)

9
16

2
17

22
Smoking
(n = 61)

5
6

Alcohol
(n = 30)

Figure 1 A: Patients who reported smoking, alcohol consumption and sport
activity. The circles indicate the number of patients reporting each habits and
areas of convergence. B: Patients who did not modify any of the reported habits
(smoking, alcohol consumption and sport activity). The circles indicate the number
of patients reporting each habits and areas of convergence.

their specialist (47.7%; 84/176) or from their general
practitioner (23.8%), while for 38 subjects (21.6%) it was a
personal choice.
At univariate analysis, changes in smoking habit and
sport practicing due to the diagnosis of hepatitis C were
strongly related to a previous antiviral treatment (P = 0.056
and 0.014), while no correlation was found between other
modifications of lifestyle habits and sociodemographic
characteristics or variables on history of infection (Table 2).

DISCUSSION
Results of this study show that more than half of the
respondents have modified at least one of their lifestyle
habits after the diagnosis of hepatitis C. Overall, 74.5%
(114/153) of drinkers had modified their alcohol
consumption (89 giving up and 25 reducing), 20.8%
(37/178) of smokers had modified their habits (12 giving
up and 25 reducing) and 32.3% (44/136) of subjects who
reported sports activity had either stopped or reduced
frequency of activity or chose a less fatiguing sport after
the diagnosis of hepatitis C. These changes seem to be
rather long-lasting, since the median time interval between
www.wjgnet.com
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the diagnosis of HCV infection and the survey was 5 years.
It is well established that alcohol consumption is
associated with an increased rate of fibrosis progression
in established chronic HCV infection [16] . Even with
moderate alcohol consumption, there is a linear correlation
between both histological activity and fibrosis and amount
of alcohol ingested, as suggested by Hezode et al[17]. All
international guidelines recommend that patients with
hepatitis C virus infection or other chronic liver disease
consume no alcohol[3-8]. Our data, in line with pervious
studies, indicate that most patients with chronic HCV
infection do modify their alcohol intake following
diagnosis[12-14].
Possible hepatotoxicity of tobacco has been suggested
only recently. Tobacco consumption has been associated in
chronic hepatitis C (CHC) patients with increased fibrosis
and histological activity [11,18], with an increased risk of
hepatocellular carcinoma[19-21] and with poorer response
to interferon therapy [10]. A synergism between alcohol
drinking and cigarette smoking has been suggested[22].
In our study only 20.8% (37/178) of smokers had
modified their habits after the diagnosis of hepatitis C,
whereas 40.4% (72/178) had given up independently.
Moreover a proportion of current smokers (32.7%) in
our study was slightly higher than that reported for the
adult Italian population (26.6% in 2002)[23]. These findings
underline the necessity to inform HCV-positive patients
that tobacco smoking could influence liver disease. In
addition, considering the general health benefits of
smoking cessation and that our patients were frequently
under medical care, our results may indicate a missed
opportunity for promoting healthy behaviour.
Cur rently, there is no evidence resulting from
controlled clinical trials in favour or against physical
activity in patients with chronic liver disease[24]. Groups of
patients affected by liver cirrhosis studied so far seem to
tolerate physical activity like vigorous walking, swimming
and ergometer bicycle training without deterioration
of liver function[24]. Some studies conducted in the 80s
seemed to demonstrate the innocuous effect of physical
exercise on chronic hepatitis[25,26] while when daily physical
labour is strenuous (over 2 h), it seems to be related to
elevated ALT levels[9].
It is surprising that one third of subjects who reported
sports activity had modified their habits after the diagnosis
of hepatitis C. However, changes in sports practicing
after the diagnosis of hepatitis C were strongly related
to previous antiviral treatment and we cannot exclude
that some patients modified their habits particularly as a
consequence of adverse effects such as asthenia or nausea.
On the other hand, our results may suggest the existence
of a misconception regarding the need for people affected
by liver disease to refrain from significant physical exertion,
possibly as a result of the tradition to prescribe a strict
bed-rest during acute hepatitis, in spite of the availability
of evidence against this[24].
Although no specific dietary recommendations can
be made for most persons with HCV infection excluding
patients with cirrhosis, steatosis, obesity and other
metabolic disease[27-29], sixty-four percent (176/275) of our
patients modified their dietary habits after the diagnosis

Scognamiglio P et al . Impact of hepatitis C virus infection on lifestyle

2725

Table 2 Correlation between changes in smoking habit and sports activity due to the diagnosis of hepatitis C and a previous antiviral
treatment
Patients modifying smoking habit after HCV infection
n (%)
Previous treatment
Yes
No
Total

Yes
28 (90.3)
3 (9.7)
31

No
84 (73.7)
30 (26.3)
114

Total
112 (77.2)
33 (22.8)
145

of hepatitis C. The most frequent modification was the
reduction of dietary fat intake (40.8% of the answers). A
single epidemiologic investigation suggested an association
between higher lipid intake and increased risk for cirrhosis
in persons with HCV infection[30]; however there is no
evidence of the need to routinely limit the dietary fat
content[27]. Most patients declared to have modified their
diet on physician's advice and we do not know how many
patients were affected by liver cirrhosis or co-morbidities
(such as steatosis, obesity or diabetes) needing particular
nutritional intervention. On the other hand it can be
speculated that these changes may reflect at least in part a
misconception regarding the negative effect of some foods
such as fried for people affected by liver diseases.
In this study we have chosen a completely anonymous
and self-administered questionnaire in order to assure
confidentiality and increased reliability of the answers.
However this study design makes it impossible to correlate
the observed changes with the clinical data of the patients
enrolled. Another limitation is that our study sample
consists of out-patients with HCV infection attending
three specialized clinical centres, consequently it is not
necessarily representative of the overall population
of HCV-infected patients, for example patients with
normal ALT or not eligible for treatment may be underrepresented.
In conclusion, our investigation shows that some
healthy modifications like those regarding alcohol
consumption are largely adopted by chronic hepatitis
C patients, whereas this diagnosis has less impact on
smoking habits. On the other hand, our results suggest
the likelihood of some misconceptions regarding diet
and physical activity leading to possible unnecessary
restrictions. In our study population the principal source
of information on hepatitis C was the physician. This
underlies the central role of physicians involved in the
management of chronic hepatitis C and the need to
counsel patients on measures that may maximize quality of
life and prevent further disease progression.
In order to counsel patients with chronic hepatitis C,
a general consent is necessary on recommendations about
lifestyle habits, such as smoking, physical activity and
nutrition.

Patients modifying sport activity after HCV infection
n (%)
P
0.056

No
47 (66.2)
24 (33.8)
71

Total
83 (74.1)
29 (25.9)
112

P
0.014
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Abstract
AIM: To analyze the prevalence of germline MLH1
and MSH2 gene mutations and evaluate the clinical
characteristics of Hungarian hereditary non-polyposis
colorectal cancer (HNPCC) families.
METHODS: Thirty-six kindreds were tested
for mutations using conformation sensitive gel
electrophoreses, direct sequencing and also screening
for genomic rearrangements applying multiplex ligationdependent probe amplification (MLPA).
RESULTS: Eighteen germline mutations (50%) were
identified, 9 in MLH1 and 9 in MSH2 . Sixteen of these
sequence alterations were considered pathogenic,
the remaining two were non-conservative missense
alterations occurring at highly conserved functional
motifs. The majority of the definite pathogenic mutations
(81%, 13/16) were found in families fulfilling the
stringent Amsterdam Ⅰ/Ⅱ criteria, including three
rearrangements revealed by MLPA (two in MSH2 and
one in MLH1 ). However, in three out of sixteen HNPCCsuspected families (19%), a disease-causing alteration
could be revealed. Furthermore, nine mutations
described here are novel, and none of the sequence
changes were found in more than one family.
CONCLUSION: Our study describes for the first time the
prevalence and spectrum of germline mismatch repair
gene mutations in Hungarian HNPCC and suspectedHNPCC families. The results presented here suggest that
clinical selection criteria should be relaxed and detection
of genomic rearrangements should be included in genetic
screening in this population.

INTRODUCTION
Hereditary non-polyposis colorectal cancer (HNPCC) is
the most common form of hereditary colorectal cancer
(CRC), accounting for 1%-5% of cases. This syndrome is
characterized by early onset CRC and endometrial cancer,
although the incidence of other malignant tumours, e.g.
cancers of the stomach, urothelium, small bowel and
ovarium, is also increased in HNPCC patients[1].
HNPCC is autosomal dominantly inherited and
is associated with germline mutations in at least five
mismatch repair (MMR) genes (MLH1, MSH2, MSH6,
PMS1 and PMS2)[2]. The identification of carriers is usually
based on screening individuals from families fulfilling
international criteria for the syndrome, namely Amsterdam
criteriaⅠor Ⅱ[3,4] or less stringent criteria referred to as the
Bethesda guidelines[5].
Mutations in MLH1 (MIM# 120436) and MS H2
(MIM# 120435) are considered the major cause of
HNPCC, since germline alterations of these genes have
been found to be responsible for more than 90% of
mutation carrier HNPCC families. According to the
database of the International Society for Gastrointestinal
Hereditary Tumors (InSiGHT; http://www.insightgroup.org), currently more than 450 different pathogenic
mutations have been described in these genes, accounting
for approximately 750 HNPCC kindreds worldwide[6].
The majority of reported MLH1 and MSH2 mutations
are nonsense, missense, or frameshift mutations as well
as changes affecting splice sites. However, more recently,
utilization of new techniques has led to the realization
www.wjgnet.com
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that in some populations a relatively large proportion of
pathogenic alterations are genomic rearrangements, in
most cases single or multi-exonic deletions or duplications
inactivating MLH1 and/or MS H2 [7,8] . T he known
mutations are scattered throughout the coding regions
of these genes, although, in particular populations (e.g. in
Finland, Poland and in the United States), some recurrent
changes have been found and described as founder
mutations[9-11].
Predictive genetic testing for germline mutations
in MMR genes can allow identification of HNPCC
families, and are thus of great importance for counselling,
sur veillance and manag ement of at-risk patients.
Nevertheless, since the reliability of the family history
provided by patients is often incomplete and questionable,
and because germline mutations are occasionally identified
even in atypical HNPCC families [12], the requirements
for establishing objective strategies of genetic testing are
pressing. Therefore, assessing the prevalence and spectrum
of MLH1 and MSH2 mutations in afflicted families in
a given population is an essential first step in improving
diagnosis of HNPCC, thus identifying individuals at high
risk of colorectal and endometrial cancer.

MATERIALS AND METHODS
Patients and controls
From 1994 to 2004, clinical data and samples from 36
Hungarian HNPCC families were collected, of which 20
fulfilled the AmsterdamⅠ-Ⅱcriteria and 16 were classified
as ‘pedigrees suggestive of HNPCC’. Although they
did not meet internationally defined inclusion criteria, a
suspicion of HNPCC was raised on the basis of their
personal or family history being close to at least one of the
modified Amsterdam criteria or the Bethesda guidelines[13].
The study was approved by the Institutional Ethical
Board, and written informed consent was obtained from
each patient following genetic counselling. In addition, 63
healthy subjects from the same population were analyzed
for the presence of mutations with uncertain clinical
significance.
Mutation analysis
Blood samples were obtained from all consenting
subjects and DNA was extracted with the classic phenolchlorofor m method. The entire MLH1 and MS H2
coding region and splice junctions were amplified by PCR
from genomic DNA using primer sequences published
earlier[14,15]. Systematic screening for point mutations in
both genes was performed using conformation-sensitive
gel electrophoreses (heteroduplex analysis and singlestrand conformation polymorphism analysis) on all
amplicons [16,17]. All samples showing altered migration
patterns were subjected to direct bi-directional sequencing
using an ABI 310 genetic analyzer (Applied Biosystems).
Genomic aberration screening
In addition to standard mutation analysis, both MLH1
and MSH2 coding regions were screened for genomic
rearrangements using the multiplex ligation-dependent
probe amplification (MLPA) technique[18]. In brief, 150-200
www.wjgnet.com
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ng of genomic DNA in 5 μL Tris-EDTA was denatured,
cooled, and incubated with the probe mix containing one
probe for each MLH1/MSH2 exon and several control
probes specific for sequences outside these genes. After
probe hybridization, ligation using ligase-65 enzyme was
done at 54℃ for 15 min. Ligation products were then
amplified by PCR using one fluorescently labelled primer.
The PCR products were separated and analyzed with an
ABI 310 genetic analyzer (Applied Biosystems). Peak
heights for each fragment were compared to those of a
control sample and deletions/duplications were suspected
when peak intensities differed by more than 30%.
Since small sequence changes (SNPs, small insertions
or deletions) close to the ligation site may also alter the
peak size in MLPA, all exons showing copy number
changes were directly sequenced. The presence of genomic
rearrangements was confirmed by long PCR using the
Expand Long Template PCR System (Roche) or Herculase
Hotstart DNA polymerase (Stratagene) according to the
manufacturers’ instructions. The PCR products were
separated and sized by agarose gel electrophoresis and
visualized by ethidium-bromide staining.
The mutation nomenclature used here complies
with the recommendations of den Dunnen and
Antonarakis [19,20] . Sequence variations were named in
relation to the ATG codon in cDNA reference sequences
(NM000249.2 and NM000251.1 for MLH1 and MSH2,
respectively), while changes at the amino acid level were
deduced from nucleotide alterations in relation to the
protein reference sequences NP00240.1 for MLH1 and
NP00242.1 for MSH2. All variants were ascertained by a
replicate experiment.

RESULTS AND DISCUSSION
Mutation analysis of affected members from 20 Hungarian
HNPCC and 16 suspected HNPCC families revealed 18
germline alterations in 18 unrelated probands (50%), 9
in MLH1 and 9 in MSH2. Based on a literature review
and checking the variants listed in the InSiGHT mutation
database, we found that 9 out of 18 mutations have
not been described previously. Sixteen of the sequence
alterations were considered as pathogenic mutations either
on the basis of published data or due to their predicted
deleterious effects on the MSH2 or MLH1 protein such as
insertions/deletions, nonsense changes, splice-site mutations
and genomic rearrangements. The remaining two variants
were missense alterations occurring at highly conserved
motifs, one in MLH1 and the other in MSH2. Thirteen of
the definite pathogenic mutations were found in members
of HNPCC families fulfilling the stringent AmsterdamⅠ
/Ⅱ criteria (including two deletions in MSH2 and one in
MLH1). However, in three out of sixteen (19%) HNPCCsuspected families, a disease-causing alteration could be
revealed, perhaps demonstrating the need for different
inclusion decisions for this population. The MMR gene
mutations, as well as the medical and family histories of
patients, are shown in Table 1.
Previously identified pathogenic mutations
Nine of the pathogenic changes identified in Hungarian
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Table 1 Characteristics of carrier families and Hungarian MMR gene mutations
Proband
ID
HFC003
HFC077
HFC100
HFC075
HFC048
HFC066
HFC108
HFC014
HFC021
HFC050
HFC045
HFE063
MPX050
HFC017
HFC072
HFC104
HFC078
HFC074

Proband
1
phenotype
C25
C53
C39
C33
C31
C22
C30
C29
C47
C36
C19
E47
C36
C27
C35
C39
C53
C45, 50, 55

Family
2
phenotype
AⅠ:
AⅠ:
AⅠ:
AⅠ:
AⅠ:
AⅠ:
AⅠ:
AⅠ:
AⅠ:
AⅡ:
AⅡ:
AⅡ:
AⅡ:
AⅡ:
SH:
SH:
SH:
SH:

9C, 1E
3C, 1S
5C, 3S, 1E
3C
6C
6C, 1S
5C, 1E
3C
3C
2C, 1I
2C, 1E
1C, 2E
2C, 2S, 1E, 1I
3C, 3E
1C
2C
1C
4C

Gene

Exon

MLH1
MLH1
MLH1
MSH2
MSH2
MSH2
MSH2
MSH2
MSH2
MLH1
MLH1
MLH1
MLH1
MSH2
MLH1
MLH1
MSH2
MSH2

2
16
18-19
1-2
3-7
4
7
10
13
8
13
16
19
12
13
16
1
15

Nucleotide position of
the mutation
c.187G>A
c.1852_1854del
c.2078_2172del
c.1-?_c.366+?del
c.367-?_c.1226+?del
c.759_762del
c.1226_1227del
c.1661+1G>T
c.2131C>T
c.677G>A
c.1489_1490insC
c.1875T>G
c.2141G>A
c.1861C>T
c.1411_1414del
c.1852_1853delinsGC
c.146A>T
c.2620_2621ins115

Effect/Consequence of the
mutation
p.D63N
p.K618del
p.E693_K724delAfsX8
no protein?
deletion of exons 3-7
p.M253_N254delIfsX20
p.Q409RfsX7
splice defect?
p.R711X
p.R226Q
p.R497fsX6
p.Y625X
p.W714X
p.R621X
p.K471_R472delDfsX19
p.K618A
p.D49V
p.Y874CfsX3

1

Cancer type and age at onset (C: colorectal; E: endometrial); 2Categories according to the Amsterdam criteria (AⅠ: AmsterdamⅠ;
AⅡ: Amsterdam Ⅱ; SH: suspected HNPCC) and number and type of cancer in the family (C: colorectal; E: endometrial; S: stomach;
Ⅰ: intestinal). Novel mutations are in bold.

families were found in the InSiGHT mutation database. Six
of these were either nonsense mutations or small deletions,
resulting in a premature stop codon predicted to be a
subject of rapid mRNA degradation through nonsensemediated decay (NMD)[21] or leading to the production of
a truncated protein. One alteration (c.677G>A, p.R226Q),
affecting the last nucleotide of MLH1 exon 8, presumably
leads to splicing aberration[22]. This latter mutation was
revealed in the proband of our family HFC050, diagnosed
with colorectal carcinoma at age 36. Cosegregation with
the disease phenotype could not be assessed.
T h e r e m a i n i n g t wo mu t a t i o n s we r e f o u n d i n
exon 16 of MLH1 (c.1852_1854del, p.K618del and
c.1852_1853delinsGC, p.K618A), both affecting the
same nonconserved lysine residue. Although K618A is
one of the few changes listed as pathogenic and also as
non-pathogenic in the InSiGHT database, previously
published data indicate that both of these alterations
are associated with an increased risk of colorectal
cancer [23-25]. Furthermore, this C-terminal part of the
MLH1 protein was shown to play a crucial role in proteinprotein interactions, and a mutation of the same amino
acid, K618T, caused nearly complete disruption of
the interaction between MLH1 and MRE11, perhaps
highlighting the potential function of this residue[26]. In our
study, the non-conservative K618A variant was found in a
small family (HFC104) showing two cases with early onset
CRC (diagnosed at ages of 39 and 47 years) who were
second degree relatives. DNA was available from only one
of them, so cosegregation could not be evaluated. The inframe deletion K618del was revealed in a family meeting
the stringent Amsterdam I criteria (HFC077), but DNA
sample was available only from the proband (diagnosed
with CRC at age of 53).
None of these variants was present in 126 control
chromosomes and also, no other possibly damaging
sequence variant was found in any of these cases, further

supporting the pathogenicity of these alterations.
Novel pathogenic mutations
Out of the nine novel sequence changes identified in
Hungarian families, seven were considered pathogenic.
The 1661+1G>T substitution, found in a family
fulfilling the Amsterdam I criteria (HFC014), could
dramatically decrease the information content of the
canonical 5’ splice site in intron 10 of MS H2 ( ∆ Ri =
-12.8), as determined by automated splicing mutation
analysis (http://splice.cmh.edu) [27]. Although an RNA
sample from the carrier proband was not available to test
this hypothesis, the mutation is predicted to cause skipping
of exon 10, thus leading to a frameshift and a premature
stop codon.
In family HFE063, the proband was diagnosed with
endometrial cancer at the age of 47. Mutation analysis
revealed a substitution in exon 16 of MLH1. Sequencing
showed this to be a c.1875T>G transversion, resulting in
an immediate stop codon (p.Y625X). The mutation was
also identified in the proband’s brother.
The proband of family HFC066 was diagnosed with
cancer of the colorectum at the unusually early age of
22. His father died of CRC at the age of 32, and 5 other
family members were affected with colorectal cancer (ages
from 30 to 52 years). Conformation-sensitive mutation
screening revealed a small deletion in exon 4 of MSH2.
Sequence analysis identified the c.759_762delGAAT
mutation, which results in frameshift and creates a stop 20
codons downstream. The mutation was also identified in
the proband’s grandfather (CRC at the age of 52).
Family HFC074 was selected for mutation screening
because, although the family phenotype did not fulfil
Amsterdam criteriaⅠ/Ⅱ, the proband was diagnosed with
three metachronous colorectal cancers (at the age of 45,
50 and 55 years) and his father was also affected (CRC at
the age of 62). Testing for large genomic changes using
www.wjgnet.com
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Table 2 Frequency of pathogenic or unclassified sequence
variants in Hungarian HNPCC and suspected HNPCC families
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16/36 (44)

Frequency of variant (%)
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Total
1/20 (5)
14/20 (70)
1/16 (6)
2/36 (6)

4/16 (25)
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Figure 1 Deletion of MSH2 exons 3-7 in patient HFC048. A: MLPA chromatogram
is shown for a negative control (above) and patient HFC048 (below). The peaks
for MSH2 exons are grey, the MLH1 exons and the control peaks are blank. The
numbering of MSH2 exons is given between the panels, the exons deleted in
patient HFC048 are marked by arrows; B: Long PCR amplification of the deleted
region. The sense primer (5'-gctggaaataaggcatccaag-3') is located in exon 2, the
antisense primer (5'-aggagtcacaaaaactgccaac-3') in exon 8, approximately 36
kb apart on the MSH2 genomic sequence. Lane "M" contains a molecular weight
marker (BenchTop 1kb DNA Ladder, Promega), arrow marking the 6 kb band.
Lane 1 shows that amplification from a negative control sample is not successful,
while a 6 kb product can be amplified from the positive sample (Lane 2), indicating
the presence of a 30 kb deletion.

MLPA analysis revealed a partial duplication of exon 15 of
MSH2 following insertion of a guanine nucleotide. This
aberration causes a frameshift, thus predicted to result in
rapid degradation of RNA due to the nonsense-mediated
decay surveillance mechanism.
MLPA screening of the proband (CRC diagnosed
at the age of 33 years) from the AmsterdamⅠfamily
HFC075 revealed a large genomic deletion affecting exons
1 and 2 of MSH2. The 5’ breakpoints of deletions are
known to be very diverse[28,29]. In our case, the breakpoints
for this deletion were not determined. However, since the
deletion removes the transcription start site of the gene, it
is predicted to result in a null allele.
In the proband of our large AmsterdamⅠfamily
HFC048, a large genomic deletion of MSH2 was detected
using the MLPA method. Although the exact breakpoints
have not been identified yet, long PCR analysis showed
an approximately 30 kb deletion (Figure 1). This mutation
is predicted to cause an out-of-frame deletion of exons
3-7, the resulting premature stop codon is presumably
subjected to NMD.
Finally, MLPA analysis of family HFC100, a large
kindred fulfilling AmsterdamⅠcriteria, showed a genomic
deletion of MLH1, starting within exon 18 (codon 693)
and ending in exon 19 (codon 724), thus removing parts
of these exons and also the intervening intronic sequences.
The result of this aberration is a deletion of 31 residues,
www.wjgnet.com

and the appearance of a new frame terminating 8 residues
downstream. Since this aberration removes the last exonexon junction, nonsense-mediated decay cannot affect the
stability of RNA, a slightly shorter protein is predicted to
appear. The pathogenicity of this mutation is supported by
the fact that (a) this most C-terminal part of MLH1 was
shown to play a crucial role in protein-protein binding[26],
and (b) in our family the mutation was also found in the
proband’s mother affected by multiple primary cancers of
the colon and stomach.
Novel variants with assumed pathogenicity
In family HFC003, the identified mutation is a single base
substitution in exon 2 of the MLH1 gene. This mutation,
c.187G>A, converts the aspartic acid residue at codon
63 to an asparagine (p.D63N) at the ATP binding pocket
of the MLH1 protein. The substituted residue is highly
conserved in a diverse class of ATPases, containing
also type Ⅱ topoisomerase, histidine kinases, gyrase B
and Hsp90. In an earlier study, this p.D63N mutation
was generated using site-directed mutagenesis and was
shown to result not only in decreased activity but also
in a dramatically reduced expression of the MutL-alpha
complex containing the variant protein due to rapid
degradation[30]. In our family, c.187G>A found in two CRC
cases (father and son, diagnosed with CRC at the ages
40 and 25 years, respectively) was cosegregating with the
disease, but was missing from seven other family members,
who were asymptomatic at the age ranging from 19 to 57
years. These data, together with the findings mentioned
above, strongly support the pathogenic nature of this
mutation.
Additionally, in HFC078, a small family not fulfilling
any of the accepted criteria (only one clinically confirmed
colorectal cancer diagnosed at the age of 53 years), another
substitution was revealed by mutation pre-screening and
sequence analysis. The c.146A>T (p.D49V) transversion is
situated in an N-terminal motif which is highly conserved
in all MutS proteins throughout evolution. Mutations in
this motif (GXFY(X) 5DA) have been shown to play a
crucial role in mismatch binding activity[31,32]. Unfortunately,
since cosegregation with the disease could not be assessed
in our atypical family, more data are needed to confirm or
refute the pathogenicity of this variant.
Although none of these variants was found in 126
control chromosomes, these mutations are not to be used
for predictive diagnostics, but considered unclassified
variants until further functional tests prove or refute their
causal association with the disease phenotype.
The current study, representing the first molecular

Papp J� et al . MMR mutations in Hungarian HNPCC families

characterization of HNPCC in Hungarian families, has
expanded the known mutation spectr um of MS H2
and MLH1 genes. In summary, a total of 18 germline
mutations were identified in 36 Hungarian cases (14 in
HNPCC and 4 in suspected HNPCC families), half of
them being novel (Table 2).
On the basis of the diffuse spectr um of point
mutations and the relatively high frequency of genomic
changes, we conclude that screening for rearrangements
and mutations in the entire coding regions of these genes
should be considered in this population. Moreover, since
25% of the suspected Hungarian HNPCC families were
shown to carry a mutation in one of the MMR genes (three
definitive pathogenic mutations and one mutation for
which pathogenicity is assumed), we suggest that not only
families fulfilling the stringent Amsterdam criteria, but also
those following more relaxed guidelines should undergo
genetic testing.
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Abstract

INTRODUCTION

AIM: To compare the beneficial effects of early enteral
nutrition (EN) with prebiotic fiber supplementation in
patients with severe acute pancreatitis (AP).
METHODS: Thirty consecutive patients with severe AP,
who required stoppage of oral feeding for 48 h, were
randomly assigned to nasojejunal EN with or without
prebiotics. APACHE Ⅱ score, Balthazar’s CT score and
CRP were assessed daily during the study period.
RESULTS: The median duration of hospital stay was
shorter in the study group [10 ± 4 (8-14) d vs 15 ±
6 (7-26) d] (P < 0.05). The median value of days in
intensive care unit was also similar in both groups [6
± 2 (5-8) d vs 6 ± 2 (5-7) d]. The median duration of
EN was 8 ± 4 (6-12) d vs 10 ± 4 (6-13) d in the study
and control groups, respectively (P > 0.05). Deaths
occurred in 6 patients (20%), 2 in the study group and
4 in the control group. The mean duration of APACHE Ⅱ
normalization (APACHE Ⅱ score < 8) was shorter in the
study group than in the control group (4 ± 2 d vs 6.5 ±
3 d, P < 0.05). The mean duration of CRP normalization
was also shorter in the study group than in the control
group (7 ± 2 d vs 10 ± 3 d, P < 0.05).
CONCLUSION: Nasojejunal EN with prebiotic fiber
supplementation in severe AP improves hospital stay,
duration nutrition therapy, acute phase response and
overall complications compared to standard EN therapy.
© 2007 The WJG Press. All rights reserved.

Key words: Severe acute pancreatitis; Prebiotics; Enteral
nutrition; Treatment
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Acute pancreatitis (AP) is an inflammatory disorder of
variable severity including multiorgan failure (MOF), and
high mortality in severe cases (15%-40%). In the first
phase of the disease, the initial local inflammatory process
in the pancreas leads to cytokine release and subsequent
systemic inflammatory response syndrome (SIRS)[1]. The
standard therapeutic approach to the management of AP
involves the reduction of pancreatic exocrine secretion
by pancreatic rest achieved via stopping oral feeding.
This concept has evolved since the last decade that gives
nutrients beyond Treitz ligament, the post-pyloric feeding,
and decreases pancreatic stimuli, thus improving the
overall outcome. However, post-pyloric feeding could
decrease pancreatic stimuli and improve the overall
outcome[2]. Controlled trials comparing total parenteral
nutrition (TPN) versus enteral (jejunal) nutrition (EN) in
acute AP have revealed a significant benefit for the enteral
nutrition groups in the length of hospital stay, morbidity,
complications and in some studies, decreased mortality[3].
The logic behind the EN in acute AP is restoration of
commensal bacterial flora, which dramatically alters early in
the disease process[4,5]. The supplementation of synbiotics
(combination nutritional supplements comprised of
probiotics and prebiotics) to patients with severe AP has so
far only been reported in one study[6]. Although there were
fewer complications related to severe AP in symbioticsupplemented group, the study has received criticism for
having several methodological shortcomings[7,8]. Therefore,
pre-pro or symbiotic-supplemented enteral nutrition is
a challenging area in the treatment of severe AP. The
multicenter Dutch study formulated PROPATRIA in order
to evaluate whether administration of probiotics in a large
study group is able to reduce the infective complications in
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severe AP and this study is still in progress[9]. The aim of
the present study was to determine the beneficial effects
of prebiotic fiber-supplemented EN on the clinical course
of severe AP in comparison with standard EN.

MATERIALS AND METHODS
Study design
This study was a randomized prospective double-blind
controlled clinical trial which compared the effect of a
special prebiotic fiber-supplemented enteral diet with that
of a control standard formula in patients with severe AP.
Patients were treated in the Division of Gastroenterology,
Faculty of Medicine, Gazi University. T he local
institutional ethical board approved the study protocol
and all patients gave their written informed consent
before inclusion into the study. Randomization was done
by computer-generated numbers and the sequence was
implemented using numbered containers. Both patients
and investigators were blind to the therapy.
Patients
Thirty consecutive patients with severe AP admitted
to our department between September 2004 and May
2006, who required stoppage of oral feeding for 48 h,
were included. Acute pancreatitis was defined as acute
abdominal pain associated with elevated levels of serum
amylase or serum lipase (> 5 times upper limit of normal)
and ultrasound or computed tomographic evidence of
acute pancreatitis[10]. Severe pancreatitis was defined as
APACHE Ⅱ score > 8 or CT score > 7 or a C-reactive
protein (CRP) level in excess of 150 mg/L[11-14]. Patients
were excluded if (1) there was a delay between onset of
symptoms and refeeding of over 30 d, (2) the patient
was already on oral feeds at presentation, (3) the patient
had an acute exacerbation of chronic pancreatitis, (4) if
the patient needed surgery for complications of acute
pancreatitis, (5) patients with paralytic ileus. APACHE Ⅱ
score and CRP were assessed daily after admission in order
to monitor inflammatory response during the study period.
Contrast-enhanced CT of the abdomen was performed 72
h after the onset of acute pancreatitis and the severity of
pancreatitis according to Balthazar’s score was recorded[15].
Enteral nutrition
A nasojejunal (NJ) feeding tube (size 8F Flocare ®
polyurethane feeding tube, Nutricia Ltd) was inserted
endoscopically under fluoroscopical guidance with its
position checked by aspiration and pH measurement.
Where aspiration was unsuccessful, a plain abdominal
radiograph was performed. The patients started feeding
after the position of the tube was rechecked with a plain
abdominal radiograph 12 h after the procedure. If the
tube was dislodged on the radiograph, the tube was
repositioned immediately before starting feeding. Feeds
were commenced at full strength and a rate of 30 mL/h
increasing to 100 mL/h over 24-48 h. The caloric target
was 2000 kcal/d, which was chosen over an individually
calculated target in an attempt to simplify administration.
The diets in the two groups were identical in caloric (125
www.wjgnet.com
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Table 1 Demographic features and baseline biochemical,
prognostic indices in study and control groups

Mean age (SD)
Sex (Male:Female)
Body mass index mean (SD)
Interval between onset of symptoms
and admission (days) median (range)
Etiology (n, %)
Biliary
Post-ERCP
Hyperlipidemia
Idiopathic
At admission
Serum amylase, mean (SD) IU/L
Serum lipase, mean (SD) IU/L
Serum CRP, mean (SD) mg/L
Serum prealbumin, mean (SD) mg/L
APACHE Ⅱ score, mean (SD)
Balthazar CT score, mean (SD)

Study group
(n = 15)

Control group P
(n = 15)

47.3 (16.8)
6:9
24.7 (7.8)
2 (1-9)

44.9 (11.2)
8:7
27.1 (9.5)
1 (1-6)

NS
NS
NS
NS

11 (73.3)
2 (13.3)
1 (6.6)
1 (6.6)

12 (80)
2 (13.3)
1 (6.6)
0 (0)

NS
NS
NS
NS

545 (232)
554 (167)
232 (97)
17.6 (4.5)
9.4 (3.7)
8.5 (4.6)

498 (277)
396 (187)
244 (104)
19.1 (6.7)
9.6 (3.8)
9.1 (5.2)

NS
NS
NS
NS
NS
NS

ERCP: endoscopic retrograde cholangiopancreaticography; CRP: C-reactive
protein; CT: computerized tomography; SD: standard deviation; NS: not
significant.

kcal/100 mL), lipid (35%) and protein (20%) content.
Study group received additional multifibers including
0.7 g/100 mL soluble fibers and 0.8 g/100 mL insoluble
fibers, a total of 1.5 g/100 mL (24 g per day) multifiber
supplement as a prebiotic. All patients received adjuvant
peripheral parenteral nutrition with a standard solution
containing 120 g/L glucose, 50 g/L aminoacid, 20% lipid
(Aminomix 2®, Fresenius-Kabi, Hamburg-Germany).
Statistical and power analysis
Data were expressed as mean or percentage. Continuous
data were compared using two-sample t test (parametric)
or Mann-Whitney test (non-parametric), and comparison
of categorical variables was made using chi-square test or
Fischer’s exact test. P < 0.05 was considered statistically
significant. Statistical analysis was done with SPSS 8.0
software (SPSS, Inc, Chicago, Ⅲ). A power calculation
revealed that 30 patients were required to show a 25%
difference in CRP concentrations with a 0.05 alpha value
and 80% statistical power.

RESULTS
Thirty severe AP patients were divided into two groups
and the study g roup received additional prebiotic
supplementation. The demographic features of the
patients are shown in Table 1. The most common etiology
was gallstones in the study and control groups (73.3%
vs 80%) , respectively. The median age, sex distribution,
mean body mass index, distribution of etiological factors,
mean interval between onset of symptoms and admission
to hospital, mean value of baseline serum amylase, lipase,
CRP, prealbumin and APACHE Ⅱ, Balthazar CT scores
were similar between the two groups (Table 1). All patients
started EN within 24 h of admission. The enteral feeding
was well tolerated. The median duration of hospital stay
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Table 3 Time (days) for normalization of CRP, APACHE Ⅱ
1
and CT scores in the study and control groups, (mean ± SD)

Table 2 Clinical course of patients in the study and control
groups
Study group
Median duration of hospital
10 ± 4 (8-14)
stay ± (range)
Median value of days in
6 ± 2 (5-8)
ICU ± (range)
Median duration of EN ± (range) 8 ± 4 (6-12)
Median duration (days) of
7 ± 2 (6-9)
serum amylase or lipase
normalization ± (range)
Complications
Multiorgan failure (n)
1
Cholangitis (n)
1
Sepsis (n)
1
Pseudocyst (n)
2
Number of deaths (n)
2
Overall complications (%)
7/15 (46.6)

Control group
15 ± 6 (7-26)

P
< 0.05

6 ± 2 (5-7)

NS

10 ± 4 (6-13)
8 ± 3 (6-11)

NS
NS

2
0
2
1
4
9/15 (60%)

< 0.05

ICU: intensive care unit; EN: enteral nutrition; NS: not significant.

was shorter in the study group [10 ± 4 (8-14) d vs 15 ±
6 (7-26) d] (P < 0.05). Seven patients in the study group
and 6 patients in the control group were admitted to the
Intensive Care Unit (46.6% vs 40%, P > 0.05). The median
value of days in Intensive Care Unit was also similar in
both groups [6 ± 2 (5-8) d vs 6 ± 2 (5-7) d]. All of these
patients required assisted ventilatory therapy for respiratory
failure. There were no complications associated with the
tube insertion in both groups. In the control group, only
one patient had removal of the NJ tube intentionally and
the tube was re-inserted by endoscopy. In the study group,
three patients had bloating and gas symptoms in the first
48 h of feeding. However, the symptoms subsided in the
following days. The median duration of EN was 8 ± 4
(6-12) d vs 10 ± 4 (6-13) d in the study and control groups,
respectively (P > 0.05). Deaths occurred in 6 patients (20%),
2 in the study group and 4 in the control group (Table 2).
Early diagnostic endoscopic retrograde cholangiopancreatography (ERCP) with endoscopic sphincterotomy
(ES) was carried out in 10 patients in the study group
and 11 patients in the control group. All of these patients
had biliary pancreatitis. ERCP was not performed in
only one patient with biliary pancreatitis for his severe
cardiovascular collapse. All prognostic indices normalized
earlier in the study group than in the control group
(Table 3). The mean duration of CRP normalization was
also shorter in the study group (7 ± 2 d vs 10 ± 3 d, P <
0.05). The mean duration of APACHE Ⅱ normalization
(APACHE Ⅱ score < 8) was shorter in the study group
than in the control group (4 ± 2 d vs 6.5 ± 3 d, P < 0.05).
The mean duration of CT score normalization (CT score
= 0 or 1) was also shorter in the study group than in the
control group (12 ± 4 d vs 16 ± 3 d, P < 0.05).

DISCUSSION
A significant reduction in the commensal flora occurs
early in the disease process, because of both disease and
pharmaceutical treatment in severe acute pancreatitis. It has
been observed in experimental pancreatitis that anaerobic
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Items

Study group

Control group

CRP mg/L
APACHE Ⅱ score
CT score

7±2
4±2
12 ± 4

  10 ± 3
6.5 ± 3
  16 ± 3

P
< 0.05
< 0.05
< 0.05

1

Normal values: APACHE Ⅱ < 8, CT score = 0-1, CRP negative. CRP:
C-reactive protein; CT: computerized tomography.

bacteria and lactobacilli are significantly reduced within
6-12 h after induction both in the distal small bowel and in
the colon. These alterations lead to significant overgrowth
with potentially pathogenic microorganisms, such as
E coli, and dramatic increases in mucosal bar rier
per meability (lumen to blood) and in endothelial
permeability (blood to tissue), associated with increased
pathogenic microbial colonization, translocation, microbial
growth in mesenteric lymph nodes and finally pancreatic
tissue[5,16,17]. Although translocation of pathogenic bacteria
from gut lumen to lymph nodes is a well-documented
entity, its presence and clinical significance in human
beings are not clearly defined. A recent study indicated
the importance of gut barrier function rather than the
virulence of microorganisms, in the bacterial translocation
process[18]. For this reason, we do not exactly know the
underlying mechanisms of bacterial translocation-related
distant infections (if it exists) in human beings. The early
supplementation of synbiotics to severe AP patients
has so far been reported only in one study[6], in which
patients were supplemented daily with either 1 billion live
or 1 billion heat-killed Lactobacillus plantarum 299 plus
10 g oat fibers during the first week. Infected pancreatic
necrosis and abscesses were seen in one out of 22 patients
(4.5%) supplied live Lactobacillus versus seven out of
23 (30%) of those supplied heat-killed Lactobacillus (P
= 0.023). A much larger dose of Lactobacilli (2 × 40
billion per day) and four different fibers (20 g per day)
could lead to a significant reduction (P < 0.05) in systemic
inflammatory response syndrome and multiple organ
failure, as eight out of 33 treated patients (24%) developed
the syndrome compared with 14 out of 29 control
patients (48%)[1]. Severe attacks of acute pancreatitis are
strongly associated with the priming and subsequent
over-activation of leukocytes, which contribute to the
production of inflammatory mediators and the induction
of distant organ failure[19]. The degree of oxidative stress
and neutrophil activation are also of great importance
for outcomes[20]. Severe AP patients have a documented
deficit in antioxidants, flora, and the supply of fiber
and nutrients, especially micronutrients which should
be compensated for[1,21]. Patients in intensive care units
usually have lost their entire Lactobacillus flora[22]. The
colonic mucosa normally obtains most of its calories and
antioxidants from the lumen and most of the absorbed
nutritive substances are either produced by or released
from microbial fermentation of plant fibers[23].
APACHE Ⅱ scores and ser um CRP nor malized
earlier in the study group (4 ± 2 vs 6.5 ± 3 d and 7 ± 2
www.wjgnet.com
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vs 10 ± 3 d, respectively, P < 0.05). These findings show
that prebiotic fiber-supplemented EN improves acute
phase response earlier than standard enteral solutions.
The median duration of hospital stay was shorter in the
study group than in the control group. This may be due
to a consequence of early suppression of inflammatory
response by prebiotic fiber supplementation. However,
suppression of inflammation by probiotic and/or prebiotic
fibers is still a speculative issue and further research is
needed in order to clarify the mechanisms behind.
Although the median duration of EN was similar
between g roups, the rate of overall complications
related to pancreatitis was higher in the control group.
In contrast to probiotics, which beneficially affect the
host by improving its intestinal microbial balance[24], the
principle of prebiotics involves ingestion of a substance
that selectively induces microbial growth and metabolic
activity as opposed to direct administration of bacterial
cells as dietary supplements. Thus, prebiotics encompass
a wider range of products than probiotics. In addition,
since probiotics produce a temporar y alteration in
the composition of gut microbiota, changes are not
maintained upon discontinuation of supplementation[25-29].
In the present study, since we did not use probiotics in EN,
this is the first randomized study comparing the beneficial
effects of prebiotics without probiotics on severe AP.
One of the limitations of our study is the lack of
bacterial count measurements in the stool of patients to
see if there was a difference between the two groups. This
might have added more information about the mechanisms
behind the beneficial effects of prebiotics.
In conclusion, nasojejunal EN with prebiotic fiber
supplementation in severe AP improves hospital stay,
duration of nutrition therapy, acute phase response and
overall complications compared to standard EN therapy.

The standard therapeutic approach to the management of AP involves the
reduction of pancreatic exocrine secretion achieved via stopping oral feeding. This
concept has evolved since the last decade that feeding beyond Treitz ligament
decreases pancreatic stimuli. The addition of probiotics was shown to have
beneficial effects. Prebiotics (non-absorbable fibers) enhances microbiota and has
theoretical advantages over mucosal and systemic immunity.

Research frontiers

Recent studies indicate that lowered morbidity is related to post-pyloric feeding in
severe acute pancreatitis. Few studies have mentioned the role of probiotics in this
area. Prebiotics are not studied as an adjuvant therapy for acute pancreatitis.
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Prebiotic: Food substances that intend to promote the growth of certain bacteria
in the intestines. Probiotic: Dietary supplements containing potentially beneficial
bacteria or yeast, with lactic acid bacteria (LAB) as the most common microbes
used. LAB have been used in the food industry for many years, because they
are able to convert sugars (including lactose) and other carbohydrates into lactic
acid. Synbiotic: Combinant nutritional supplements comprised of probiotics and
prebiotics.
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Abstract
AIM: To evaluate the efficacy of a new hepatitis C virus
(HCV) core antigen assay developed in China.
METHODS: After the determination of HCV infection,
49 serial samples were selected from 11 regular plasma
donors in 5 different plasma stations. To compare the
performance of HCV core antigen detection and HCV
PCR, these samples were genotyped, and each specimen
was analyzed by ELISA for the detection of HCV core
antigen and by qualitative HCV PCR.
RESULTS: Among all of the sequential samples, the
original 13 specimens were HCV RNA-negative, and 36
samples were HCV RNA-positive. Twenty-seven samples
(75%) were HCV core antigen-positive from these HCV
RNA-positive specimens. Conversely, 27 samples (93.1%)
were found HCV RNA-positive in HCV core antigenpositive samples. Intervals between HCV RNA and HCV
core antigen-positive, as well as between HCV core
antigen-positive and HCV antibody-positive were 36.0
and 32.8 d, respectively.
CONCLUSION: This HCV core antigen assay, developed
in China, is able to detect much of anti-HCV-negative,
HCV RNA-positive preseroconversion window period
(PWP) plasma donations.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Before the introduction of detecting antibodies against
recombinant and/or synthetic hepatitis C virus (HCV)
antigens in blood centers, plasma stations, and hospitals
post-transfusional non-A, non-B hepatitis, subsequently
named after hepatitis C, was the major problem caused by
HCV contamination of blood and blood products[1-3].
A sharp drop in post-transfusional hepatitis C was
obser ved since the state-of-the-art screening assays
of HCV antibodies were applied to blood donors [4,5].
However, patients of post-transfusion and sporadic
hepatitis C infection were still reported for the presence
of preseroconversion window period (PWP), in which
antibody detection was not able to identify subjects in
the early stage of infection. To date, specific antibodies
against HCV have not been in spite of besides the
existence of large numbers of HCV virus in the plasma
of HCV-infected people. This phase may last up to 2 mo
in immunocompetent subjects, and as long as 6 to 12 mo
in immunodeficient patients[6]. The risk to a recipient of
receiving a blood donation collected during the PWP
for HCV has been estimated at 1/103 000 with a 95%
confidence interval of 1/28 000 to 1/280 000 in USA from
1991 to 1993, 1/222 000 in France from 1993 to 1995, and
1/375 000 from 1996 to 1998[7,8].
To decrease the risk of HCV transmission from donors
who are in the PWP at the time of their blood or plasma
donation, nucleic acid amplification technology (NAT)based tests have been applied to the detection of HCV
RNA. Because NAT technology is a highly sensitive and
specific technique, it is possible to identify viremic samples
in which antibodies are not yet present and therefore
reduce the window period to 15 to 20 d[9,10]. However,
NAT tests require considerable skills, dedicated laboratory
spaces, expensive reagents and long execution time.
Taking into account the cost-efficacy ratio, the cost of
NAT is too high to be used in most developing countries
worldwide[11,12].
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Recently, a new serologic test for the detection of
the HCV core antigen in anti-HCV-negative serum or
plasma has been developed and is commercially available
in China. This ELISA assay can be used as a screening
assay for blood or plasma donations during PWP as an
alternative to NAT. The aim of the present study was to
compare the efficacy of this assay with a qualitative HCV
RNA detection, and estimate the reduction in the PWP
from that observed with HCV antibody assay by using a
set of serial plasma samples collected in Hunan Province,
Southern China.

MATERIALS AND METHODS
Plasma samples
Plasma samples were collected from 5 plasma stations
located in different counties of Hunan Province, Southern
China (Huaihua, Xinhua, Liling, Junshan, and Quyuan).
These 5 plasma stations have been operating plasma
collection for more than 5 years. During this period, 48 000
plasma donors have been registered, and among them
27 500 plasma donors have been continuously donating
plasma for more than 2 years and donated at least 15 times
during this period. Two milliliters plasma aliquots for each
donation were preserved in a freezer in the plasma station.
Before collection, each plasma donor was tested with two
different third-generation HCV Ab ELISA assays. The
first one is domestic third-generation HCV Ab ELISA
assay (Wantai Biological Pharmacy, Beijing, PR China), and
positive samples [sample-to-cut-off ratio (S/CO) is higher
than 1] were also tested by the other imported thirdgeneration ELISA assay (Abbott, USA). Double-positive
plasma samples were selected and determined as HCV Abpositive, that means HCV Ab is present in the plasma by
that time. According to the availability of the specimens
that were kept frozen since their collection, a total of 49
serial plasma specimens (3-6 per patient) from 11 plasma
donors were selected for the determination of HCV Abpositive specimen.
Qualitative detection of HCV RNA
For qualitative detection of HCV RNA, viral RNA was
extracted from 50 μL of serum or plasma by using the
QiaAmp viral RNA kit (Qiagen, Hilden, Ger many)
according to the manufacturer’s instructions. Subsequently,
the nested cDNA RT-PCR assay was used for detecting the
presence of HCV RNA (Sino-American Biotechnology,
Luoyang, Henan Province, China) following the
manufacturer’s instructions. The conservative sequence in
the end of the 5’-noncoding region (NCR) of the HCV
genome was amplified and analyzed using the two pairs
of nested primers supplied with the kit. The sensitivity
and specificity of the qualitative detection of HCV RNA
detection (Sino-American Biotechnology) were 99% and
95%, respectively.
Determination of HCV genotype
The HCV genotype was deter mined by the method
reported by Du et al [13] . A 257-bp fragment from 5’
noncoding region (5’-NCR) of cDNA was amplified by
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RT-PCR. The product was digested using a combination
of three restriction endonuclease BHH’ (BsrBⅠ, Hea  Ⅱ
and HinfⅠ), using restriction endonuclease BstU I, and
using restriction endonuclease Hae  Ⅲ, respectively. The
test results were interpreted according to the algorithm
described by the authors[13].
HCV core antigen assay
HCV core antigen was detected with an HCV Ag ELISA
assay (Kinda Gene, Changsha, Hunan Province, China)
by strictly following the manufacturer’s instructions. This
assay is based on a two-step sandwich principle. Briefly,
murine monoclonal antibodies recognizing different
epitopes of HCV core antigen were coated on microwells
of the solid phase and were conjugated with horseradish
peroxidase. One hundred microliters of serum or plasma
specimen was added to the microwells combined with
the same value of specimen diluent, the microplate was
incubated at 37℃ in waterbath with vibration for 90 min.
After washing 5 times, 200 μL of conjugate (monoclonal
anti-HCV core protein conjugated with HRP) was added
and the microplate was incubated at 37℃ in waterbath
for 30 min. After washing as described above, 100 μL
of substrate solution A (350 mmol/L sodium acetate,
10 mmol/L sodium citrate, 300 mL/L H2O2) and 100 μL
of substrate solution B (1.3 mmol/L TMB, 1 mmol/L
EDTA-Na2, 10 mmol/L citric acid, 105 mL/L glycerol)
were added into microwells, the microplate was placed at
37℃ in dark for 10-15 min, then 50 μL of stop solution
(1 mol/L H2SO4) was added. The absorbance (A450) of the
microwells was determined at ultraviolet wavelength 450
nm within 10 min. The test was considered valid if the
A450 of positive control was greater than 0.6 and negative
control was less than 0.1. The results were expressed by
using the S/CO ratios: the A450 of specimen was divided
by the cutoff value. The cutoff value was determined
based on the distribution of absorbance values of the
specimens from healthy subjects. In present study, the
cutoff value was tentatively calculated by adding 0.05 (3 ×
SD) to the mean A450 of healthy subjects’ sera (0.068, n =
400), i.e. the cutoff value was 0.118. S/CO ratios ≥ 1.0
were interpreted as positive.
Statistical analysis
The correlations between HCV core antigen ELISA
assay and qualitative HCV RNA assay were analyzed by
McNemar χ² test and kappa test. The statistical package
SAS8.0 (SAS Institute, Cary, NC) was used for data
analysis. Two-sided P ≤ 0.05 was considered statistically
significant.

RESULTS
Individual plasmas and HCV genotypes
Forty-nine sequential samples from 11 anti-HCV-positive
plasma donors (S1-S11) were selected and kept in frozen
without thawing. Of them, the earliest 11 specimens were
negative for both HCV RNA and HCV core antigen
and defined as d 0 for plasma donation. For the other
38 plasma samples, 29 and 36 specimens are positive for
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Table 1 Days of the first detection for HCV RNA, HCV core
antigen and HCV Ab and the intervals between them
Case
number

S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
Average
days

Genotype HCV
RNA

1b
2a
1b
1b
1b
1b
1b
1b
1b
1b/2a
1b

29
20
18
29
18
14
16
25
15
25
16
20.4

HCV
HCV
HCV HCV HCV core
Ab antigen to RNA to RNA to
core
HCV Abs HCV Abs HCV core
antigen
antigen
29
20
18
33
35
14
16
40
15
25
16
23.7

74
39
50
66
69
55
59
54
33
55
67
56.5

45
19
32
33
34
41
43
14
18
30
51
32.7

45
19
32
37
51
41
43
29
18
30
51
36

0
0
0
4
17
0
0
15
0
0
0
3.3

HCV core antigen and HCV RNA, respectively. Twentyseven of 36 (75%) HCV RNA-positive specimens were
HCV core antigen-positive. Twenty-seven (93.1%) of
29 HCV core antigen-positive samples were found to be
HCV RNA-positive. The average time for HCV RNA to
be became detectable was 20.4 d (range, 14-29 d), for HCV
core antigen was 23.7 d (range, 14-40 d) and for HCV Ab
was 56.5 d (range, 33-74 d). Genotyping results showed
that HCV genotype of these plasma samples mainly was
1b (9/11) or 1a (2/11) and basically covered the major
prevalent genotype in China (Table 1).
Qualitative analysis of HCV RNA and HCV core antigen
According to our results, the mean times from the first
detection of HCV RNA and HCV core antigen to HCV
Abs were evaluated in 11 plasma donors (Table 1). Times
from the first HCV RNA and HCV core antigen-positive
to HCV Ab-positive ranged from 19 to 51 (mean, 36.0) d
and 14 to 51 (mean 32.7) d, respectively. The times from
HCV RNA-positive to HCV core antigen-positive were 4,
17, and 15 d in donors S4, S5, and S8, respectively. HCV
RNA and HCV core antigen were both detected on the
same specimens from the other 8 donors, so the average
interval was 3.3 d. Table 2 shows the comparative results
of qualitative HCV RNA and HCV core antigen detection.
Statistic analysis showed no significant difference (P =
0.07) between HCV RNA detection and HCV core antigen
assay, and a good coherence was found (K = 0.51) between
them. The evolution of three HCV markers-HCV RNA,
HCV core antigen, and HCV Ab-in 11 plasma donors is
illustrated in Figure 1.

DISCUSSION
HCV belongs to the Flaviviridae family, and its genome
is packaged into an icosahedral capsid (or core)[14]. The
capsid is composed of the HCV core protein, a structural
viral protein encoded by the 5’ end of the HCV open
reading frame. The HCV core protein is highly conserved
and antigenic. So, HCV core protein can induce strong
specific cellular and humoral responses, and probably plays
www.wjgnet.com
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Table 2 Comparative results of HCV RNA and HCV core
antigen detection in 49 serial samples from 11 plasma donors

HCV core antigen

Negative

Negative
Positive
Total

11
2
13

HCV RNA
Positive
9
27
36

Total
20
29
49

a pivotal role in the pathogenesis of HCV infection[15,16].
An ELISA assay to detect HCV core antigen in
peripheral blood of patients with HCV has been
developed after the anti-HCV core antigen monoclonal
antibody is available [17,18]. Qualitative and quantitative
ELISA kit (Ortho-Clinical Diagnostics, Johnson &
Johnson Company) have been successively developed
for assessment of HCV core antigen and commercially
available out of China, such as in Thailand and Italy, to
detect HCV core antigen[19,20]. A number of reports have
suggested that these assays could be used to reduce the
serological preseroconversion window period, measure
HCV replication, and monitor the response to antiviral
therapy[21-23].
In this study, a new commercially available ELISA
assay for the detection of “free” HCV core antigen
developed by Kinda Gene Company (Changsha, Hunan
Province, PR China) was evaluated. Good correlation
(75%) was observed between assays of HCV core antigen
and qualitative HCV RNA, in accordance with 71% in the
early infection phase[22], but the positive rate of the HCV
core antigen ELISA was lower than previously reported
rates of 87%, 88%, or 94% for other PWP specimens[24,25].
The discrepancy is likely due to the selection of early PWP
plasma samples with lower HCV titers, or to the use of
a highly sensitive qualitative RT-PCR method for single
donations under well-controlled conditions[8,24,25].
Detection of HCV antibodies is commonly used
in blood centers and plasma stations to reduce the
transmission of HCV in China. To reduce the risk of PWP
donation, the European Medicinal Evaluation Agency
(EMEA) has introduced NAT-based test for detection of
plasma pools in the manufacture of blood products for
HCV RNA since 1999[22]. The highest sensitivity of NAT
technique may also enable it to be applied to pools of
sera. Except of the advantage of the highest sensitivity,
current limits of NAT technique which are the lack of
automation, a high cost-efficacy ratio, and the risk of falsepositive result have led it not to be broadly used in most
of under-developed region, such as Africa, Asia, and Latin
America. On the other hand, serological detection of HCV
core antigen may be an alternative to NAT-based methods.
The NAT-based method involve expensive reagents and
long execution times, aspects that have a significant effect
on the final cost of each test, which is around US$10 per
test when the test is performed in diagnostic laboratories.
Therefore, a quick, inexpensive, sensitive, and specific test
is clearly needed to identify potentially infective blood
units that have not been identified by specific antibody
tests. The new serologic test for the detection of the
HCV core antigen in anti-HCV-negative serum or plasma
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Figure 1 Evaluations of HCV core antigen ( ■), and HCV antibody (  ▲) in eleven donations (S1-S11) within preseroconversion window period. HCV core antigen assay
and HCV antibody S/CO values are plotted versus the time of sample acquisition. (First samples = d 0).

developed and commercially available in China appears to
decrease the cost of the test, which is around one-tenth
of the NAT-based method. So, the HCV core antigen
ELISA can be easily performed in clinical laboratories, it is
simple, reliable, rapid and non-expensive. Our data showed
that the total window period estimated at 56.5 d could be
reduced to 23.7 d by testing for HCV core antigen. Hence,
HCV core antigen ELISA is able to detect most anti-HCVnegative, HCV RNA-positive PWP donations. Because of
the limitation of sample numbers, no difference of the
variables studied, such as S/CO ratio, size of PWP, was
found between HCV two genotypes prevailed in China.
In conclusion, our study shows that the HCV core
antigen assay is cheap, easily performed, and compatible to
equipments now used in blood centers and plasma stations;
its application would lead to a significant improvement
in transfusion safety and would save more money and
time in comparison to the current NAT. Moreover, the
development of the newer, more-sensitive, quantitative
second version of the assay will greatly improve the
performance of HCV core antigen assay which may be the
good alternative of NAT-based assay in most countries of
the world, including China.
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Abstract
AIM: To investigate the anticancer activity of a chinese
medical mixture, WRCP (warming and relieving Cold
Phlegm), on hepatocarcinoma Bel-7402 cells.
METHODS: Fingerprints of WRCP, which were composed
of aqueous extracts of Aconitum carmichaeli , Rhizoma
bolbostemmatis , Phytolacca acinosa , Panax notoginseng
and Gekko swinhonis Gūenther , and aconitine, which
could be isolated from Aconitum carmichaeli and have
the potential toxicity, were identified by high pressure
liquid chromatography. Bel-7402 cells were grown in
the presence of WRCP, As2O3 or all-trans-retinoic acid
(ATRA). Cell proliferation and viability were determined
by trypan blue stain. Apoptosis and cell cycle of Bel-7402
cells were detected by flow cytometry. Morphologic
and ultrastructural variations were determined under
optic and electronic microscopy. The secretion of
alpha-f e t opr ot e in and albumin was detected by
radioimmunoassay.
RESULTS: The average quality of aconitine is 1.15 ±
0.10 μg per 7.5 g extracts. WRCP could suppress
the proliferation and viability of Bel-7402 cells. The
percentage of apoptosis cells and S phase cells increased
on WRCP-treated cells. Treated with WRCP, Bel-7402
cells showed ultrastructural features of differentiation.
The alpha-fetoprotein secretion decreased while the
albumin secretion increased (P < 0.001, P < 0.001,
respectively) markedly in WRCP-treated cells.
CONCLUSION: WRCP can affect the proliferation,
differentiation and apoptosis of Bel-7402 cells. It can
arrest cells in S phase and has strong cytotoxicity to
Bel-7402 cells.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common malignant tumors worldwide, with an annual
incidence of approximately one million cases[1,2]. Despite
the high mortality and frequency of this cancer, surgical
resection is an option for only a small proportion of
patients, because metastases are often present when the
cancer is discovered. Because HCC is most resistant
to medicinal treatment, chemotherapy adds little to
overall survival of the HCC patients[3,4]. Tumor is a cell
cycle disease that has the abnormal interface of high
proliferation, low differentiation and apoptosis block. A
Chinese medical mixture, WRCP (warming and relieving
Cold Phlegm), was composed of the aqueous extracts of
Aconitum carmichaeli, Rhizoma bolbostemmatis, Phytolacca acinosa,
Panax notoginseng and Gekko swinhonis Gūenther. This study
aims to investigate the anticancer activity of WRCP by
regulating tumor biological action and its cytotoxic activity
on hepatocarcinoma Bel-7402 cells.

MATERIALS AND METHODS
Materials
Plants and animal were obtained from Sichuan Chinese
Herb Company, Flora Manufacturing and Distributing
Ltd., Chengdu, Sichuan, China. The plants and animal were
identified by Prof. Duan from the Department of Basic
Traditional Chinese Medicine, Chengdu University of
Traditional Chinese Medicine. All voucher specimens have
been deposited in the Center of Integrative Oncology,
Tianjin Medical University Cancer Institute and Hospital.
The following air-dried and powdered plants and
animal species were studied: rhizomes of Aconitum
carmichaeli, Rhizoma bolbostemmatis, Phytolacca acinosa, Panax
notoginseng and whole animal of Gekko swinhonis Gūenther.
www.wjgnet.com
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After being dried and crushed, individual samples of each
part utilized were percolated with hot distilled water twice
at 90℃-95℃ for 1 h, and the solutions were combined in
vacuo to obtain residues. The powder was then dissolved
in double distilled water (DD water) to prepare the stock
solution at 75 g/L extract concentration and stored at
-20℃. It was further diluted with RPMI 1640 medium to
obtain 250 mg/L and 75 mg/L of working solution.
Hepatocarcinoma Bel-7402 cells were cultured in
RPMI 1640 medium (Gibco, USA) supplemented with
100 mL/L fetal bovine serum (Hani, Chengdu), 100 g/L
penicillin and 100 mg/mL streptomycin were used at 37℃
in a humidified 50 mL/L CO2 incubator. As2O3 (Sigma,
USA) was kept in sterile 1 × PBS as a 10 mmol/L stock
solution and all-trans-retinoic acid (ATRA; Sigma, USA)
was kept in 990 mL/L alcohol as a 1 g/L stock solution.
Chromatography
High pressure liquid chromatography (HPLC) was carried
out on an LC-6A HPLC system (Shimabzu, Ltd. Japan)
using a C18 column (4.6 mm × 250 mm, Kromaisl, Ltd.,
Sweden), and the mobile phase was a mixture of water and
acetonitrile (containing 3 mL/L triethylamine) (65: 35, V/
V) in 5.0 column volumes at a flow rate of 1.0 mL/min.
The detection wavelength was set at 235 nm.
Cell proliferation and viability assay
Bel-7402 cells were seeded in 12-well plates (0.3 × 101
cells/L) and allowed to grow for 24 h before being
exposed to 250 mg/L and 75 mg/L concentrations of
WRCP, respectively. For the negative control group, an
equal volume of sterile 1 × PBS was added. Cells were
collected respectively at 0.5, 24, 48, 72, 96, 120 and 144 h
after drugs were added. The cells were then trypan blue
stained and an hemocytometer was used to determine
the total cell count and viable cell number. The growth
curve of Bel-7402 cells was marked. Viability of cells were
computed as follows: viability (%) = viable cell number
/total cell count × 100%.
Flow cytometric analysis
Bel-7402 cells were cultured in 6-well plates (0.5 × 101
cells/L and allowed to grow for 24 h before being exposed
to 250 mg/L and 75 mg/L concentrations of WRCP
respectively. As2O3 at a concentration of 0.1 mg/L was
added in positive control group and an equal volume of
sterile 1 × PBS was added in negative control group. Cells
were collected at d 4 after drug was added and fixed in
700 mL/L ice-cold EtOH/PBS for 20 min on ice, and
then washed with PBS and incubated in propidium iodide
(PI) solution (69 mmol/L PI, 388 mmol/L sodium citrate,
100 mg/L RNase A) for 15 min at 37℃. Then cell DNA
was analyzed by flow cytometry (Becton Dickinson Com,
USA). Raw data for the distribution of DNA content
were expressed as the percentage of G0/G1 through G2/
M populations. Multicycle AV software (Phoenix Flow
Systems, San Diago, California, USA) was used for data
analysis.
Optical and electronic microscopy
Bel-7402 cells were seeded in 50 mL bottle (0.4 × 102 cells/
www.wjgnet.com
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Figure 1 Effect of WRCP on proliferation of Bel-7402 cells (n = 3, P < 0.001).
WRCP: aqueous extracts of Aconitum carmichaeli, Rhizoma bolbostemmatis,
Phytolacca acinosa, Panax notoginseng and Gekko swinhonis Gūenther.

L) and allowed to grow for 24 h before being exposed
to 250 mg/L and 75 mg/L concentrations of WRCP
respectively. ATRA at a concentration of 3 mg/L was
added in positive control group and an equal volume of
sterile 1 × PBS was added in negative control group. The
morphologic variations of Bel-7402 cells were observed
under optical microscope at d 4 after adding drugs. In
succession, cells were harvested and placed immediately in
25 g/L glutaraldehyde, then in 10 g/L OsO4, dehydrated in
ethanol series, and replaced in propene oxide. The samples
were examined under transmission electronic microscope.
Albumin AFP detection
Bel-7402 cells were seeded in 50 mL bottle (2.5 × 10 2
cells/L) and allowed to grow for 24 h before being
exposed to 250 mg/L and 75 mg/L concentrations of
WRCP, respectively. ATRA at a concentration of 3 mg/L
was added in positive control group and an equal volume
of sterile 1 × PBS was added in negative control group.
At d 4 after treatment with drugs, culture medium was
harvested respectively. AFP and Alb were determined by
double-antibody radioimmunoassay (RIA).
Statistic analysis
Analysis of variance (ANOVA and General Linear Model)
was used to determine whether there were significant
differences among these groups. Statistical analysis was
performed by SPSS (Version: 13.0, Chicago, USA).

RESULTS
Aconitine, which could be isolated from Aconitum
carmichaeli and is potentially toxic [5], was identified as
“Aco peak” in chromatogram. The average quality of
aconitine was 1.15 ± 0.10 μg per 7.5 g extracts (max dose
of one day). Bel-7402 cells all died after treatment with
WRCP at a concentration of 250 mg/L for 96 h. Even
at a concentration of 75 mg/L, WRCP could strongly
inhibit the proliferation and viability of Bel-7402 cells. The
inhibitory ratio of cell growth at a concentration of 75
mg/L was more than 50% (Figures 1 and 2).
The percentage of apoptosis cells in the negative
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Figure 2 Effect of WRCP on survival of Bel-7402 cells (n = 3, P < 0.001). WRCP:
aqueous extracts of Aconitum carmichaeli, Rhizoma bolbostemmatis, Phytolacca
acinosa, Panax notoginseng and Gekko swinhonis Gūenther.
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Figure 3 Effect of WRCP on secretion of ALB and AFP (n = 3, P < 0.001). ATRA:
all-trans-retinoic acid; WRCP: aqueous extracts of Aconitum carmichaeli, Rhizoma
bolbostemmatis, Phytolacca acinosa, Panax notoginseng and Gekko swinhonis
Gūenther.

control group was 8.9%, and 22.5% in As 2O 3-treated
group. However, the percentages of apoptosic cells in
WRCP-treated group (250 mg/L and 75 mg/L) were
35.9% and 19.9%, respectively. Furthermore, concentrated
chromatins were detected under electronic microscope.
The percentages of G 0 /G 1 phase cells, S phase cells
and G 2/M phase cells were 57.9%, 28.6% and 13.6%
respectively in negative control group. The G2/M phase
cells achieved 16.1% in As2O3-treated group, whereas the
percentage of S phase cells increased and the G0/G1 phase
cells decreased in WRCP-treated group. In the group
treated with WRCP at a concentration of 250 mg/L, the
percentages of G0/G1 phase cells and S phase cells were
49.4% and 37.8%, respectively.
Bel-7402 cells showed abnormal features with a round
shape under optical microscopy. Modifications of cell
shape were induced by ATRA and WRCP. Bel-7402 cells
changed to polygon shape after treatment with ATRA, but
they appeared in spindle shape after treated with WRCP.
Examined under electronic microscope, Bel-7402 cells
exhibited irregular nuclear envelope, poor euchromatin and
abundant mitochondrion and ribosome. The malignant

shape of nucleus was slightly reversed by ATRA. However,
with WRCP treatment, cells showed ultrastructural features
of better differentiation, e.g. abundant heterochromatin,
poor euchromatin and low necleo-cytoplasmic ratio. The
AFP level in the culture medium of the WRCP-treated
group was significantly lower than that of the PBS-treated
group. However, the ALB level in the culture medium was
remarkably increased with WRCP treatment. There was
significant difference between negative control group and
WRCP group (P < 0.001, Figure 3).
After WRCP treatment, some Bel-7402 cells changed
to round shape and could not adhere to the bottom. Many
survived cells were tumid, and abundant vacuolations
in cytoplasm were detected under optical and electronic
microscope (Figure 4A and B).

DISCUSSION
Disturbances of the equilibrium between cellular
replication, growth, differentiation and apoptosis favor
the growth of preneoplastic and tumoral lesions in the
liver. There is decreased cell death and increased cell
proliferation in HCC[6]. WRCP suppressed the proliferation
of Bel-7402 cells in a dose- and time-dependent manner.
Even at a concentration of 75 mg/L, WRCP inhibited
the proliferation and viability of Bel-7402 cells strongly.
Because cells were arrested by WRCP at S phase, we
inferred that WRCP suppressed the proliferation of
Bel-7402 cells through inhibiting the replication of DNA.
Furthermore, WRCP induced the apoptosis of Bel-7402
cells. The percentage of apoptosis cells was 35.9% in
Bel-7402 cells after treatment with WRCP at concentration
of 250 mg/L.
The development of malignancies can result from the
change of the normal process of cell differentiation[7].
The induction of terminal differentiation in tumor cells
represents a possible therapeutic strategy for HCC.
Retinoids and compounds involved in the vitamin A
metabolic pathway are known to be differentiationinducing agents with hypoproliferative effects. Although
www.wjgnet.com
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almost 95% of patients with acute promyelocytic leukemia
(APL) undergo complete remission when treated with alltrans-retinoic acid (ATRA), the effect of retinoids on most
tumors is disappointing[8,9]. A study using retinoid showed
a 20% reduction in the second tumor development in
patients who had been treated with percutaneous alcohol
injection[10]. Retinoids have been used in the prevention of
second tumor development after initial tumor resection or
ablation[11,12].
Cell differentiation includes the morphologic variation
and functional maturation. Bel-7402 cells showed
abnormal features with a round shape seen under optical
microscopy, but cells changed to spindle shape after
exposure to WRCP. In addition, WRCP-treated cells
showed ultrastructural features of better differentiation,
such as abundant heterochromatin, poor euchromatin
and low nucleo-cytoplasmic ratio. AFP is recognized as a
malignant phenotype protein of human hepatoma cells.
On the contrary, ALB is a protein secreted by mature
hepatocytes. The AFP secretion decreased while the
ALB secretion increased markedly in WRCP-treated
cells. These results suggest that WRCP could induce
the differentiation in human hepatoma Bel-7402 cells.
We tested the effects of Gekko sulfated polysaccharides
on the proliferation, apoptosis and differentiation of
Bel-7402 cells simultaneously, and found that Gekko
sulfated polysaccharides suppressed the proliferation and
induced differentiation of Bel-7402 cells, but the toxicity
was negligible[13]. Thus Gekko sulfated polysaccharides
may be the main compound of WRCP, which induce
differentiation of HCC. Tumor is a cell cycle disease that
has the abnormal interface of high proliferation, low
differentiation and apoptosis block. WRCP could make
tumor cells renew the normal interface mechanism by
suppressing proliferation, inducing differentiation and
inducing apoptosis.
Hepatocarcinoma is one of the most frequently
occurring cancers worldwide. However, few effective
chemotherapeutic agents for this disease have not
been developed. Hepatocarcinoma cells can resist
chemotherapeutic agents especially by expressing
multi-dr ug resistance g ene [3,4] . In addition, many
hepatocarcinoma cells are in G 0/G 1 phase, which are
insensitive to cytotoxin[14]. In this study, the ratio of G0/G1
phase cells is 57.9%. WRCP could inhibit the viability of
Bel-7402 cells significantly. The survived cells were tumid,
and abundant vacuolations occurred in cytoplasm. These
results demonstrated that WRCP had a strong cytotoxic
effect in Bel-7402 cells. However, WRCP is significantly
different from chemotherapeutic agents, because it could
enhance its cytotoxicity by cell cycle regulation. WRCP
increased the S phase cells and decreased the G0/G1 phase
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cells. The ratios of G0/G1 phase cells and S phase cells are
57.9% and 28.6%, respectively in negative control group.
After treated with a 250 mg/L WRCP, 49.4% of the cells
were in G0/G1 phase and 37.8% of the cells were in S
phase. Therefore, WRCP may enhance its cytotoxic effect
in tumor cells through cell cycle regulation.
In conclusion, WRCP could effectively inhibit
proliferation, induce apoptosis and differentiation
and arrest cells in S phase in human hepatocarcinoma
cells. In addition, WRCP had a strong cytotoxicity in
hepatocarcinoma cells. The reversion of the abnormal
biological action of carcinoma may enhance its cytotoxic
effect. These results indicate that WRCP has the potential
value of development of supplementar y therapies
against cancer. However, the identification of the active
compounds and the exact mechanism involved remains to
be further investigated.
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Abstract
AIM: To analyze the local and systemic complications
of high intensity focused ultrasound (HIFU) for patients
with recurrent and metastatic abdominal tumors.
METHODS: From Aug 2001 to Aug 2004, 17 patients
with recurrent and metastatic abdominal tumors were
enrolled in this study. Real-time sonography was taken,
and vital signs, liver and kidney function, skin burns,
local reactions, and systemic effects were observed and
recored before, during, and after HIFU. CT and MRI were
also taken before and after HIFU.
RESULTS: All 17 patients had skin burns and pain in the
treatment region; the next common complication was
neurapraxia of the stomach and intestines to variable
degrees. The other local and systemic complications
were relatively rare. Severe complications were present
in two patients; one developed a superior mesenteric
artery infarction resulting in necrosis of the entire small
intestines, and the other one suffered from a perforation
in terminal ileum due to HIFU treatment.
CONCLUSION: Although HIFU is a one of noninvasive
treatments for the recurrent and metastatic abdominal
tumors, there are still some common and severe
complications which need serious consideration.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
There are many recurrent and metastatic solid tumor cases
seen clinically, many of which have characteristics of
complicated changes in anatomy, chemo-agent resistance
and radiation insensitivity. Patients with such tumors are
not suitable for surgery, radiotherapy, and chemotherapy.
With these three treatments precluded, the possible and
available treatments must be local and non-invasive, with
image precise monitoring, and real-time confirmation,
and these options include laser [1] , cr yotherapy [2] ,
photodynamicmic therapy[3,4], radioactive particle[5] and
high intensity focused ultrasound (HIFU)[6].
HIFU is a new treatment for solid malignant tumors,
which emerged in recent years[7,8]. This approach is based
on the fact that ultrasound beams can be focused and
transmitted through solid tissues within the body, resulting
in some bioeffects which can destroy and coagulate indepth tissue[9] by thermal effects and cavitation. HIFU
coagulates target lesions through intake skin without
surgical exposure or insertion of instruments. HIFU
techniques for solid tumors treatment have been
reported as noninvasive and conformal with real-time
monitoring[10,11]. In animal experiments and clinical studies,
it has been proven that HIFU can selectively target and
destroy primary or metastatic lesions through intake
skin, thereby treating tumors in the liver[10,12,13] or other
solid organs such as kidney[14-16], bone [17], prostate [18-20],
pancreas[21], etc.
Although HIFU treatment for recurrent and metastatic
abdominal tumors was generally thought to be noninvasive
and safe, we observed some common and even severe
complications in our practice, and the aim of this study was
to analyze the local and systemic complications of HIFU in
patients with recurrent and metastatic abdominal tumors.
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MATERIALS AND METHODS
Patients
From August 2001 to August 2004, a total of 17 patients
(nine males, eight females, mean age 46.9 years, range
from 21 to 65 years) with confirmed recurrent and/or
metastatic tumor in their abdominal cavity underwent
extracorporeal HIFU ablation. The study was approved
by the ethics committee of our university. We received
infor med consent from each patient. With multiple
disciplines consulting, these patients were defined as
being not suitable for surgical resection, radiotherapy
or chemotherapy. There were two cases of recurrent
gastric carcinoma, three recurrent colon carcinoma, three
recurrent neurofibroma, one recurrent neurofibrosarcoma,
one recurrent neurilemoma, one recurrent right renal
carcinoma, one recurrent carcinoma of right ureter, two
recurrent and metastatic ovarian cancer, one abdominal
metastasis of cervical carcinoma, and one mesentery
liomyoma and liposarcoma. The maximal diameter of
target tumor mass ranged from 3 cm to 16 cm. A total
of 19 HIFU treatment sessions were executed, with two
patients with recurrent neurofibroma and colon carcinoma
respectively underwent two sessions of HIFU while the
other 15 patients only underwent a single session.
HIFU therapeutic system
The HIFU therapeutic system was designed by Chongqing
Haifu Co. Ltd (Chongqing, China). Briefly, as detailed in
an article[7], the ultrasound (US) beam was produced by
12.6 cm diameter piezoelectric ceramic transducer with
a focal length of 126 or 135 mm. In the center of the
transducer, there was a 3.5 MHz diagnostic US scanner
(AU3, Esaote, Italy) used for guiding the target tissue. The
transducer was mounted in a waterbag filled with degassed
and distilled water. The acoustic pressure field was at focal
peak intensities from 2000 to 5000 Wcm-2. The treatment
time with focused ultrasound varied from 3120 s to 8950 s
(median, 5379.3 s), depending on the tumor size, location,
depth, blood supply, adjacent large vessels. Each pulse of
HIFU lasted for 20-30 s, and the interval between two
successive pulses was about 10 s.
HIFU treatment
HIFU treatment was performed under general anesthesia
with the patients lying either in the supine position or
prone position depending on the shortest distance from
transducer to target volume, so that a pulsed focused US
beam produced by the transducer arrived at the target by
the shortest distance from intake skin[11]. The tumor mass
was selected through the directional movement of the
diagnostic scanner in the target region. The target volume
included only part of the tumor and did not include any of
healthy marginal tissue. The tumor lesion was divided into
two dimensional cross slices by scanning with real-time
US. Based on the images of each slice, the target region
was selected and then damaged by ejecting pulse focused
ultrasound beams. Through this partial coverage, complete
targeting of the tumor volume was achieved slice by slice.
Investigation of complications
During HIFU treatment, the changes of the passage
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tissues of focused ultrasound including skin, hypodermis
and other surrounding organs were monitored by real-time
US and visual inspection. US was also used to monitor the
surrounding or overlying tissues, such as gallbladder, right
kidney, gastrointestinal tract, bladder, etc. The vital signs
were continuously observed and electrocardiography was
taken during HIFU treatment.
Immediately after HIFU treatment, we observed pain
in the therapy area with variable levels. We also collected
blood and urine samples for routine tests such as hepatic
and renal functions. Three days after HIFU, we used US
to check changes in adjacent organs, such as the exterior
and interior hepatic bile duct, gallbladder, right kidney, and
gastric-intestinal tract. One month after HIFU, patients
underwent re-scanning by computerized tamography (CT)
or magnetic resonance imaging (MRI) to investigate the
therapeutic effects of HIFU as well as changes of adjacent
tissues.

RESULTS
Changes of vital signs and electrocardiography during
HIFU
During HIFU treatment, no significant changes of vital
signs or electrocardiography were shown in any of the 17
patients.
Common postoperative complications
Changes of vital signs: three patients had a fever below
38℃, and hypertension was found in two patients.
Skin burns: All 17 patients had skin burns of varying
degrees, most of which located on the skin directly in
the pathway of ultrasound; however, a minority of skin
burns (three cases) were located on the opposite side to
the pathway of transmitting focused ultrasound. Eight
cases had erythematous burns (first grade), eight cases
displayed blister burns (second grade), and one patient
with recurrent right renal carcinoma was found with deep
burns (third grade).
Pain in the treatment region as classified by the
international standard: two cases were painless, five
cases felt mild pain (first grade) and did not need analgesia;
nine patients reported moderate pain (second grade) and
needed non-steroid analgesia to relieve the pain; and one
patient with severe pain needed morphine.
Dysfunction of the gastrointestinal tract: Mild
enteroparalysis was found in 15 patients who recovered
completely within 3 d.
Impairments of hepatic and renal function: After
HIFU treatment, two cases were found with a slight
elevation in glutamic pyruvic transaminase (GPT) or
glutamic oxaloacetic transaminase (GOT) activity, both
of which were below 80 units. One case was found with a
slight elevation of creatinine in the blood serum.
Hematuria: Gross hematuria was found in 1 patient with
abdominal metastasis of cervical carcinoma which was
attributed to damage of the bladder. Another patients
with recurrent carcinoma of the right ureter displayed
erythrocytes (+++) in a urine sample 3 d after HIFU.
Impairment of peripheral nerves: skin numbness in the
treatment region was found in five patients.
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Figure 1 CT 2 months before HIFU shows a tumor mass in the upper abdomen
(arrow), with the SMA running out from the center (arrowhead).
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Figure 3 The target tumor presented as a white coagulative necrosis in the
exploratory laparotomy 3 d after HIFU (arrowhead), the purple ischemia of the
necrotic small intestines are also shown (arrowhead), and the SMA turned out
from the center of tumor (arrow).

exploration was conducted and a diameter of 1.5 cm
perforation in the terminal ileum was found.

DISCUSSION

Figure 2 T1 weighted imaging of MRI 1 wk before HIFU shows a large tumor in
the upper abdomen (arrow), with the SMA running out from the center of tumor
(arrowhead).

Severe complications
Superior mesentery arterial infarction: One day after
HIFU, one male patient (43 years old) with recurrent
c o l o n c a r c i n o m a wa s f o u n d s y m p t o m s o f i l e u s,
including abdominal pain and distension tenderness,
vomiting, rebound tenderness, and hypoactive bowel
sounds. Significant increase in leukocyte and neutrophil
granulocytes in a regular blood test was shown on d 3 and
noncoagulative haematodes fluid was extracted during
abdominal paracentesis. Furthermore, a white coagulative
necrotic tumor zone and entire small intestinal ischemia
necrosis due to superior mesentery arterial infarction
was found in a sequentially emergent exploration of
abdomen. Surgical resection of the entire small intestine
resection was conducted and resulted in the need for total
intravenous nutrition (Figures 1, 2 and 3).
Perforation in terminal ileum: during HIFU, another
male patient (58 years of age) with metastasis of a colon
carcinoma in the abdominal cavity and wall showed
a sudden hyperecho, from obvious attenuation in the
posterior part of the target tumor and disappearance
of the tumor boundary in real-time US. We stopped
HIFU treatment immediately. Subsequently, the patient
was found febrile with a body temperature continuously
rising to a climax of 39.2℃ one day after HIFU and had
other symptoms typical of acute peritonitis. An emergent

As a local non-invasive treatment for solid tumor ablation,
and with characteristics of directivity and focalization,
HIFU can transfer energy to target tissues, resulting in
ablation. The US wave is partially converted into heat,
making the focal temperature rise to over 90℃[22]. This
ther mal effect induces tissue and vessel damage by
coagulative necrosis. Because the temperature increases
quickly and swiftly, it is almost totally transferred to the
targeted tissue. Recently, there have been many clinical
studies using HIFU for alleviation of solid tumors
including hepatocellular carcinoma, breast cancer,
osteocarcinoma, etc[7,22]. HIFU has been thought to be a
generally noninvasive and safe modality for solid tumors.
However, there is some inevitable heat diffusion out of
the focal region which can damage the surrounding tissues.
Cavitation can also cause destruction of targeted and
surrounding tissue. Due to the negative part of the US,
intracellular water may enter the gaseous phase, leading to
the development of micro-bubbles. When these bubbles
reach the size of resonance, they suddenly collapse and
produce high-pressure shock waves, destroying adjacent
tissue [23,24] . Furthermore, due to other bio-effects of
focused ultrasound, such as heat deposition by reflection
and deflection of scattered ultrasound radiation, there
must be some complications in surrounding and overlying
tissues. Also, because of differences in heat sensitivity,
as well as energy deposition between these target and
adjacent tissues or organs, there are different side effects
or complications in different tissues or organs resulting
from HIFU treatment.
Other local factors also contribute to complications of
HIFU treatment for recurrent and metastatic abdominal
tumors. First, the reflection of ultrasound caused by ribs
and other bones can deposit ultrasonic energy in skin and
subcutaneous layers, resulting in skin burns, especially
when targeting tumors in the upper abdomen and pelvic
cavity by HIFU. Secondly, absorption of ultrasonic energy
www.wjgnet.com
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by HIFU can damage tissues in the pathway of HIFU,
and hurt the adjacent tissues. Next, difference in acoustic
impedance (e.g. between gastric-intestinal tract, target
tumor and air) can result in different distribution of energy
into tissues and cause damage to the tissue in the interface.
Also, recurrent and metastatic abdominal tumors often
have been subjected to prior multiple treatments such as
surgery which causes changes in anatomy; these tumors
are large and anomalous, without definite boundaries.
Gastrointestinal motility easily causes dislocation of
the targeting volume during HIFU; US also has some
limitations in real-time monitoring the temperature
of the focal region and cavitation disturbs judgment
about the ablation region and may result in too much
ultrasonic energy being transferred to the target volume
and surrounding tissues. These factors may result in more
complications in patients with recurrent and metastatic
abdominal tumors in our study than in other studies.
The following are the detailed complications according
to different classification.
Ther mal injur y: this was the most common
complication due to ultrasonic energy deposition in the
pathway of ultrasound, including skin and subcutaneous
burns, and muscle heat injury. Thermal injury caused by
ultrasonic reflection: these complications usually happen
in the interface between tissues with drastic acoustic
impedance, which results in strong energy absorption.
Therefore, these traumas are located in the interfaces
either between air and skin, or between air and the
gastrointestinal tract. The bladder and skin on the opposite
side were also involved.
Tr a u m a i n a d j a c e n t t i s s u e s o r o r g a n s : t h e s e
complications include damage of right renal function,
hematuria, enteroparalysis, etc. Impairments in thermalsensitive tissue: nervous tissue hurt in HIFU presents as
local numbness in skin.
Systemic reactions of ther motherapy owed to
ultrasound: these include fever during and post HIFU
treatment, elevation of blood creatinine, hypertension, etc.
In our study, skin burns were found in all 17 patients.
These skin burns differed in intensity; those with first and
second degree skin burns and soon recovered without
special treatments. In contrast, one patient suffered from
a deep skin burn (third grade) after HIFU, and needed
immediate surgery for full-thickness resection and suture.
Other systemic and local complications were relatively
rare, which were traumas of surrounding and overlying
tissues or organs. The majority of patients usually needed
no further special handling beyond accepted medical
observation and symptomatic treatment.
Unfortunately, there were two severe complications
including superior mesentery arterial infarction and
perforation of the terminal ileum. In a retrospectively
analysis, the former patient had a large tumor in the
upper abdomen with an irregular boundary, and the
superior mesentery artery (SMA) running out from the
center of tumor as seen by CT and MRI before HIFU. A
coagulatively necrotic and hardened target tumor induced
by HIFU may decrease arterial compliance which results in
lowering blood supply to the small intestine; edema in the
peritumor tissues also aggravate the compression to the
www.wjgnet.com
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SMA and can cause infarction and necrosis of the entire
small intestines. The latter patient with metastatic tumors
in the abdominal cavity and wall had perforation in the
terminal ileum due to HIFU treatment. The possible cause
for this complication was that the target tumor was close
to the terminal ileum which was full of fluid and little
air, these may result in difficult discrimination between
target tumor and ileum, and further causing imprecise
positioning of real-time US during HIFU. These may have
induced emission of the focused ultrasound into the ileac
wall directly and resulted in a perforation.
Though HIFU is a noninvasive treatment for patients
with recurrent and metastatic abdominal tumors, there
are some common and severe complications. Sufficient
preoperative imaging, partial coverage of the target tumor
for evading gut trauma with HIFU, clinical investigations
for changes of gut after HIFU, and even early exploratory
laparotomy for acute abdomen symptoms are all needed in
support of HIFU treatment.
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Abstract
AIM: To study the protective effect of grape
procyanidins on oxidative injury induced by ethanol and
carbon tetrachloride in rat hepatocytes.
METHODS: Normal rat hepatocytes as well as cells
damaged by ethanol or carbon tetrachloride were
incubated with different doses of grape procyanidins
for 24 h. Cell proliferation, apoptosis and TNFα mRNA
expression were subsequently determined using MTT
assay, cell death ELISA and in situ hybridization.
RESULTS: Proliferative levels of the control cells
from ethanol and CCl 4 injury groups significantly
decreased while apoptosis and TNFα mRNA expression
significantly increased compared to the normal control
and grape procyanidins co-treatment groups (0.455
± 0.051 vs 0.318 ± 0.045, P < 0.05). In comparison
with the normal control, 50 and 100 mg/L grape
procyanidins significantly stimulated cell growth,
with a better effect observed with 100 mg/L grape
procyanidins.
C ON C L U S I O N : G r a p e p r o c y a n i d i n s i n h i b i t t h e
hepatocyte damage induced by ethanol and carbon
tetrachloride, and stimulate normal hepatocyte
proliferation.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Ethanol and carbon tetrachloride (CCl4) are chemicals
that human beings frequently contact during production
and habitation. They have hepatic toxicity, and induce
hapatocyte injury via various mechanisms including direct
effect and free radical formation[1]. Grape procyanidins
(GPC) are natural botanic polyphenols extracted from
grape seeds, with bioactivities such as antioxidation, free
radical elimination and cell proliferation stimulation[2]. In
the present study, we used in vitro cultured rat hepatocytes
to investigate the inhibitory effects of GPC on ethanol
and CCl4 induced hepatocyte injury.

MATERIALS AND METHODS
Materials
GPC was obtained from Hai Longda Biochemical and
Technological Corporation (China), and the content
of oligomeric procyanidin was proved to be more than
97% when tested with ultravoilet spectrophoto analysis
and hyperbaric liquid chromatography. RPMI 1640
medium, Thiazolyl Blue Tetrazolium Bromide (MTT),
typan blue reagent, calf serum oligonucleotide robe, and
other reagents for in situ hybridyzation were purchased
from Sigma Chemical Corporation. Cell death detection
ELISA was obtained from Roche Diagnostics Ltd. Light
microscope and phytomicrographic camera PM-CBK-G
were products of Olympus, Japan. Computer software
Vidas 21 was from Germany. Microplate reader (Bio-Rad
model 550) was bought from Sweden.
Isolation and culture of hepatocytes
A Healthy Wistar rat weighing 180 g was exsanguinated
to death and rat liver extracted under sterile condition.
The liver was triturated using 200 holes metal strainer into
hepatocyte suspension, and the cell density was adjusted to
1 × 105 cells/mL. The viability of cells was examined by
trypan blue exclusion.
Experimental treatment
Hepatocytes were divided into three groups: normal
control, ethanol injury and CCl4 injury groups. The doses
of ethanol and CCl 4 were 10 mL/L and 10 mmol/L
respectively. Cells received 0, 5, 50 and 100 mg/L of GPC
right before ethanol or CCl4 was added.
Cell proliferation
Fifty μL of cell suspension together with 50 μL of culture
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Table 1 Cell proliferation levels of each group
Treatment group (GPC, mg/L)

5
Normal cells 0.448 ± 0.031 0.459 ± 0.034
Ethanol injury 0.232 ± 0.034a 0.235 ± 0.033
CCl4 injury
0.245 ± 0.037a 0.251 ± 0.036

50
0.508 ± 0.033c
0.317 ± 0.032c
0.306 ± 0.029c

Control

0.7

100
0.611 ± 0.035e
0.399 ± 0.029e
0.403 ± 0.039e

a

P < 0.05 vs the normal control; cP < 0.05 vs the control and 5 mg/L GPC
group of each treatment group; eP < 0.05 vs the 50 mg/L GPC group of each
treatment group.

medium was added into each well of 96-well plates to
reach a cell density of 5 × 104 cells/mL, and then cultured
for 12 h at 37℃ in humidified atmosphere containing 5%
CO2. After incubation, GPC, ethanol and CCl4 were given
for 24 h as stated above. Each group had five parallel wells.
Cell proliferative activities were subsequently measured
using MTT assay. Briefly, after MTT reagent was added
to each well and color developed, the absorbance of each
sample was measured using a microtitre plate reader, and
results were expressed in average optical density (D).
Cell apoptosis
Cell suspension (0.5 mL) and culture medium (0.5 mL)
were added into each well of 12-well plates and cultured
for 12 h. Cells received various treatment as stated above,
and apoptotic levels of each group were indicated by
the amount of cytoplasmic histone-associated-DNA
fragments and measured using cell death detection
ELISA. Basically, peroxidase-conjugated anti-DNA and
biotin-labeled anti-histone antibodies were added to the
supernatant (containing fragmented DNA) of cell lysate
of each sample and reacted with the DNA and histone
components of the nucleosomes. The DNA fragmentation
was determined quantitatively and photometrically by
measuring the amount of peroxidase with ABTs as
substrate, and expressed in average optical density (D).
TNFα mRNA expression
For each well of 6-well plates, 1 mL of cell suspension and
1 mL of culture medium were added to reach a cell density
of 5 × 104 cells/mL. A coverslip was placed in advance at
the bottom of each well to allow the cells to grow on it.
After various treatment as mentioned above, the coverslips
(with cells) were taken out and the cells were fixed using
paraformaldehyde. After subsequent inactivation of
intrinsic enzymes with 3% H 2O 2, exposure of mRNA
nucleotidyl fragments with 3% citric acid diluted pepsin,
pre-hybridization, hybridization and coloration, the
TNFα mRNA expression level was observed under light
microscopy, and quantitatively analysed using Vidas 21
analyzer. For each coverslip, three fields of view were
measured and the average amount calculated.
Statistical analysis
Data were expressed as mean ± standard deviation. All
analyses were performed using SPSS 11.0 software and a
value of P < 0.05 was considered statistically significant.
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Figure 1 Cell apoptotic levels of each group. Cells receiving various treatments
were incubated for 24 h before apoptosis was detected using cell death detection
ELISA. aP < 0.05 vs the normal control; cP < 0.05 vs the control and 5 mg/L GPC
treatment group; eP < 0.05 vs the 50mg/L GPC treatment group.

RESULTS
Cell proliferation
Cell proliferative levels of the controls from normal cells,
ethanol injury and CCl4 injury groups were 0.448 ± 0.031,
0.232 ± 0.034 and 0.245 ± 0.037, respectively, all of which
were significantly lower than the 100 mg GPC co-treated
groups (P < 0.05). Other results on cell proliferation are
shown in Table 1.
Cell apoptotic levels
The cell apoptotic levels of the ethanol and CCl4 injury
groups were 0.59 ± 0.15 and 0.62 ± 0.13, respectively.
With 100 mg/L GPC co-treatment, the cell apoptotic
levels of the above two treatment groups significantly
dropped to 0.35 ± 0.13 and 0.39 ± 0.14 (P < 0.05). Figure 1
shows the apoptotic levels of each group.
TNFα mRNA expression
TNF α mRNA was expressed as brown granules in
cytoplasm when observed under microscope (× 40). As
shown in Figure 2, a large number of cells were observed
with brown granules inside and the color was deep
in ethanol and CCl 4 injury groups, indicating a strong
expression of TNF α mRNA. Very few cells from the
normal control presented weak TNFα mRNA expression.
With 50 and 100 mg/L GPC co-treatment, the TNF α
mRNA expression was stronger than the normal control,
but weaker than the ethanol and CCl4 injury groups. The
TNFα mRNA expression levels (quantitatively analysed by
Vidas 21 analyzer) in each group are shown in Table 2.

DISCUSSION
Liver is an important metabolic organ in human, which
has various physiological functions such as biosynthesis,
detoxification and excretion. Ethanol and CCl 4 are
metabolised by liver, from which the free radicals OH- and
CCl-3 are formed. These free radicals can cause hepatocyte
damage, which leads to abnormal biochemical reactions
and molecular structures[1,3].
Cell proliferation is a physiological characteristic
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Table 2 Quantified TNFa mRNA expression levels of each group
Control

Treatment group (GPC, mg/L)

5
Normal cells 0.139 ± 0.039 0.133 ± 0.032
Ethanol injury 0.455 ± 0.051a 0.449 ± 0.053
CCl4 injury
0.437 ± 0.054a 0.438 ± 0.045

50
0.111 ± 0.038c
0.318 ± 0.045c
0.345 ± 0.052c

100
0.114 ± 0.037e
0.269 ± 0.048e
0.257 ± 0.054e

P < 0.05 vs the normal control; cP < 0.05 vs the control of each treatment
group; eP < 0.05 vs the 50 mg/L GPC group of each treatment group.
a

B

C

Figure 2 Microscopic TNFα mRNA expression (× 40). Rat hepatocytes with
various treatments were incubated for 24 h before TNFα mRNA expression
was detected by in situ hybridization. Under light microscopy, TNFα mRNA was
expressed as brown granules in cytoplasm. A: normal control; B: ethanol/CCl4
injury; C: 100 mg/L GPC + ethanol/CCl4.

of normal cells, and cell apoptosis a physiological cell
death which balances the internal environment. Both the
cellular proliferative level and apoptotic level are sensitive
indexes for evaluating cell activity. When damaged by
physical, chemical or biological factors, cells experience
decreased proliferation and elevated apoptosis[3,4]. TNFα
is a multifunctional cell factor, which plays a role in
immunoreactions and internal environment stabilization.
It is rarely expressed in normal healthy cells, while when
pathological phenomena such as tumor, inflammation and
alcoholic hepatitis, occur, the expression of TNFα can be
dramatically elevated[5,6].
As shown in the current study, proliferative levels of
the control cells from ethanol and CCl 4 injury groups
significantly decreased, while apoptosis and TNFα mRNA
expression significantly increased compared to the normal
control cells, indicating that ethanol and CCl 4 caused
damage to normal healthy hepatocytes. In terms of the
GPC effects on ethanol and CCl4-damaged cells, although
www.wjgnet.com

cells treated with GPC at different doses showed similar
changes in proliferation, apoptosis and TNF α mRNA
expression to the ethanol and CCl 4 -treated cells, the
injuries were less in extent. The injury levels of the three
GPC-treated groups were in order of 5 mg/L > 50 mg/L
> 100 mg/L, namely, the injury levels decreased whilst the
GPC doses increased. This indicated that GPC efficiently
inhibited ethanol and CCl4 induced proliferation inhibition,
cell apoptosis and abnormal expression of TNFα mRNA,
and it had significant protective effects against hepatocyte
injuries. This data is in agreement with the reports on
GPC inhibiting free radical damage and gene mutation[7,8],
and with our previous studies on GPC inhibiting oxidative
stress-induced abnormal expression of endothelial adhesion
molecules as well[9].
Furthermore, in terms of the effect of GPC on normal
cell proliferation, cells treated with different doses of GPC
had higher proliferative activities than the normal control,
and an obvious dose-dependent response was obtained:
the higher dose of GPC the cells received, the better cell
proliferative activity observed. This indicated that GPC
promoted cell proliferation in normal hepatocytes and our
data is similar to the previous reports on GPC stimulating
hair cell growth[10,11]. The stimulating effect of GPC in
normal cell proliferation might be associated with its
inhibitory effect on endogenous free radicals-generated
cell injury, and the precise mechanism needs further
investigations.

REFERENCES
1

2

3

4

5

Hemmings SJ, Pulga VB, Tran ST, Uwiera RR. Differential
inhibitory effects of carbon tetrachloride on the hepatic plasma
membrane, mitochondrial and endoplasmic reticular calcium
transport systems: implications to hepatotoxicity. Cell Biochem
Funct 2002; 20: 47-59
Bagchi D, Garg A, Krohn RL, Bagchi M, Tran MX, Stohs SJ.
Oxygen free radical scavenging abilities of vitamins C and
E, and a grape seed proanthocyanidin extract in vitro. Res
Commun Mol Pathol Pharmacol 1997; 95: 179-189
Cardin R, D'Errico A, Fiorentino M, Cecchetto A, Naccarato R,
Farinati F. Hepatocyte proliferation and apoptosis in relation
to oxidative damage in alcohol-related liver disease. Alcohol
Alcohol 2002; 37: 43-48
Kurose I, Higuchi H, Miura S, Saito H, Watanabe N, Hokari
R, Hirokawa M, Takaishi M, Zeki S, Nakamura T, Ebinuma
H, Kato S, Ishii H. Oxidative stress-mediated apoptosis of
hepatocytes exposed to acute ethanol intoxication. Hepatology
1997; 25: 368-378
Tong AL, Zeng ZP, Yang D, Li HZ, Li M, Chen S, Sun ML.
Expression of transforming growth factor alpha, tumor
necrosis factor alpha, and vascular endothelial growth
factor of human pheochromocytoma tissues. Zhongguo Yixue

Zhong JY et al . GPC protects against oxidative damage in hepatocytes

6
7
8

Kexueyuan Xuebao 2004; 26: 426-431
Kamimura S, Tsukamoto H. Cytokine gene expression by
Kupffer cells in experimental alcoholic liver disease. Hepatology
1995; 22: 1304-1309
Li L, Zhong J. Effect of grape procyanidins on the apoptosis
and mitochondrial transmembrane potential of thymus cells.
Weisheng Yanjiu 2004; 33: 191-194
Castillo J, Benavente-García O, Lorente J, Alcaraz M,
Redondo A, Ortuño A, Del Rio JA. Antioxidant activity
and radioprotective effects against chromosomal damage
induced in vivo by X-rays of flavan-3-ols (Procyanidins) from
grape seeds (Vitis vinifera): comparative study versus other

9
10

11

2755

phenolic and organic compounds. J Agric Food Chem 2000; 48:
1738-1745
Na N, Zhong JY. Study on the effect of grape procyanidins on
cell apoptosis. Weisheng Dulixue 2002; 23: 112-114
Takahashi T, Kamiya T, Hasegawa A, Yokoo Y. Procyanidin
oligomers selectively and intensively promote proliferation
of mouse hair epithelial cells in vitro and activate hair follicle
growth in vivo. J Invest Dermatol 1999; 112: 310-316
Takahashi T, Kamimura A, Shirai A, Yokoo Y. Several
selective protein kinase C inhibitors including procyanidins
promote hair growth. Skin Pharmacol Appl Skin Physiol 2000; 13:
133-142
S- Editor Liu Y L- Editor Ma JY E- Editor Chen GJ

www.wjgnet.com

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

World J Gastroenterol 2007 May 21; 13(19): 2756-2757
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

CASE REPORT

A rare cause of dysphagia: Herpes simplex esophagitis
Bee Lee, Grant Caddy
Bee Lee, Grant Caddy, Department of Gastroenterology, Ulster
Hospital, United Kingdom
Correspondence to: Bee Lee, Department of Gastroenterology,
Ulster Hospital, Upper Newtownards Road, Dundonald, Belfast
BT16 1RH, United Kingdom. bee9669@yahoo.com
Telephone: +44-2890-567930 Fax: +44-2890-564785
Received: 2006-12-12
Accepted: 2007-01-04

Abstract
Herpes simplex esophagitis (HSE) is well documented in
immunosuppressed patients. However, it is rare in the
immunocompetent host. We present a case of HSE in a
21 year-old healthy lady who was admitted to our unit
with dysphagia, odynophagia and chest pain. Clinical
examination revealed mild epigastric tenderness and
admission bloods including full blood picture, electrolytes
and inflammatory markers were normal. She underwent
an esophagogastroduodenoscopy (EGD) which revealed
severe exudative, well-circumscribed ulcerations in her
distal esophagus. Biopsies confirmed severe esophagitis
with acute ulceration and subsequent polymerase chain
reaction (PCR) confirmed herpes simplex virus (HSV)
type 1. Subsequent assessment failed to identify an
immune disorder. HSE should be suspected when faced
with characteristic endoscopic findings, even if the
patient is immunocompetent. When the diagnosis of HSE
is confirmed, an immune deficiency should be sought.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Herpes simplex esophagitis (HSE) in immunocompromised
hosts is well documented in the literature[1,2]. It represents
both reactivation of the virus during immunosuppression
and primary infection, although the former is common[2].
HSE in immunocompetent adults is a rare but distinct
clinical entity. Previously limited to anecdotal reports only,
a recent literature review on HSE in immunocompetent
hosts has identified 38 cases, mainly affecting young
males[3].
www.wjgnet.com

CASE REPORT
A 21 year-old lady presented to our gastroenterology
unit with an acute onset of dysphagia, odynophagia and
retrosternal chest pain. Her symptoms were preceded
by a possible acute food bolus obstruction one week
previously. She was not able to tolerate any oral intake,
prompting admission for intravenous hydration. There
was no personal or family history of antecedent herpes
simplex viral exposure. Apart from stable asthma, she
was otherwise a fit and healthy young lady. Her only
medication was Symbicort® inhaler (Astra Zeneca UK).
On examination, she was apyrexic and there was no oral
thrush or stomatitis. There was mild tenderness in her
epigastrium. Her routine admission profile, full blood
picture and inflammatory markers were all normal. An
esophagogastroduodenoscopy (EGD) was performed
and revealed severe distal exudative esophagitis with
deep, circumscribed ulceration (Figure 1). The rest of the
endoscopic examination was normal. Multiple esophageal
biopsies were obtained and sent for both histopathology
and viral culture.
Histopathology from the esophageal biopsy specimens
was consistent with acute, severe inflammation, but
no viral inclusion bodies, fungi or parasites were seen.
However, biopsies were positive for herpes simplex virus
(HSV) (type 1) DNA by polymerase chain reaction (PCR)
confirming the diagnosis of Herpes simplex esophagitis
(HSE).
Her symptoms were self-limiting and resolved
completely within 48 h, aided with high dose proton-pump
inhibitor and sucralfate. Treatment with acyclovir was not
required. She had no risk factors for HIV infection and
declined HIV testing.

DISCUSSION
HSE in immunocompetent hosts is a rare but distinct
clinical entity. It may represent either a primary disease or
reactivation of a latent infection. The typical patient
is a young (< 40 years), healthy male[4] who presents with
acute odynophagia, dysphagia or heartburn, with or without
prodromal symptoms (fever, pharyngitis, respiratory
symptoms) or oral lesions. Prior exposure to a family
member with possible HSV lesions has been reported[4].
HSE has characteristic endoscopic appearances. In the
early stage, vesicles are seen, which then slough to form
discrete, circumscribed ulcers with raised edges. These
lesions have punched-out or volcano-like appearances[4].
Cobblestoning can be seen due to clustering of these
lesions. Exudates are present in a majority of cases[4,5].
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Figure 1 Distal
esophagus.

We should have a high index of suspicion for HSE
when faced with a young patient with odynophagia,
dysphagia or hear tbur n who has distal ulcerative
esophagitis without an obvious cause. Whenever HSE
is diagnosed in an immunocompetent patient, a careful
history and assessment for an immune disorder such as
HIV infection is crucial.
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Abstract
Although spinal tumors are uncommon, they may reduce
survival or cause serious functional disorders in the
extremities. Metastatic spinal tumors from malignant
tumors can induce symptoms of spinal cord compression,
such as paraplegia, quadriplegia, and vesicorectal
disturbance, which are aggravated with progression
of the diseases and time. We report a patient with
hepatocellular carcinoma (HCC) who was suspected of
having spinal lesions based on neurological findings,
and a metastatic spinal tumor was found by imaging
examination. Assuming that metastasis had occurred
at the time lumbar pain developed, the patient reached
the level of gait disturbance within only 4 mo, showing
a rapid advancement of symptoms. If early diagnosis
had been possible, treatment could be performed before
acute myelopathy progressed to complete paralysis.
We speculate that the terminal stage of HCC is not only
liver failure associated with intrahepatic lesions but also
metastasis to other regions, treatment for individual
pathologies therefore, will be needed, which constitutes
an important issue.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Although spinal tumors are uncommon, they may
reduce survival or cause serious functional disorders in
the extremities. In the established differential diagnosis
of spinal tumors, location is the most impor tant
feature, but clinical symptoms and the patient’s age and
gender should also be considered. Metastatic spinal
tumors from malignant tumors can induce symptoms of
spinal cord compression, such as paraplegia, quadriplegia,
and vesicorectal disturbance, which are aggravated with
their progression and time. Thus, early clinical and
imaging diagnoses may enable the early initiation
of treatment. Maintenance of the patient’s QOL
is also important. We report herein a patient with
hepatocellular carcinoma (HCC) who was suspected of
having spinal lesions based on neurological findings, and
a metastatic spinal tumor could be diagnosed by imaging
examination. Since there have been very few case reports
of spinal metastasis from HCC[1-3], we report this case with
discussion of the literature.

CASE REPORT
A 67-year-old male was diagnosed with chronic hepatitis
C in 1994, and had been under treatment at the outpatient
clinic of our hospital. In August 2000, HCC was found in
the right hepatic lobe, and radiofrequency ablation (RFA)
was performed. Treatments, such as transcatheter hepatic
arterial embolization (TAE) and RFA, were performed
thereafter on a regular basis. In December 2002, multiple
metastases were noted in the lung (Figure 1), and systemic
chemotherapy was initiated. Lumbar pain appeared at
this time, but no abnormality, such as bone metastasis,
was detected by imaging examination including bone
scintigraphy (Figure 2) and CT. As the lumbar pain became
slowly aggravated, and weakness of the lower limbs and
gait disturbance progressed, the patient was admitted for
examination and treatment on April 2, 2003 (Table 1).
Head MRI on admission detected a 2.5-cm tumor,
which may have metastasized from the HCC, and
surrounding edema in the right parietal lobe (Figure 3).
Symptoms of increased intracranial pressure appeared
on the day following admission, and conser vative
treatment was initiated. Since paralysis of the bilateral
legs, imperception, and vesicorectal disturbance appeared,
a spinal cord MRI was performed, suspecting spinal
lesions, and tumorous lesions were diffusely present from
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Figure 1 Chest X-ray.
Many nodules are
present in the bilateral
lung fields, and the
mediastinal lymph node
is enlarged.

Figure 3 Head MRI. A 2.5-cm tumor heterogeneously enhanced on contrast
imaging in the parietal region. A low-intensity area, is an edematous change,
extended from the right parietal region to the frontal lobe white matter.
Right

Figure 2 Bone scintigraphy.
No abnormal accumulation
suggestive of metastasis is noted
in the whole body bone.

Left
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A
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Coagulation
HPT
Serology
CRP
Virus marker
HBs-Ag
HBs-Ab
HBc-Ab
HBc-IgM
HBe-Ag
HBe-Ab
HCV-Ab

B

Feet

Table 1 Laboratory data of the patient on admission
Hematology
WBC
RBC
Hb
Hct
Plt

Figure 4 Spinal
cord MRI. Tumorous
lesions are diffusely
present from
medullary cone to
cauda equina, and
located mostly in
the spinal canal
at the middle
to lower lumbar
level. The cauda
equina is severely
compressed.

3100/mm3
316 × 104/mm3
10.6 g/dL
33.5 g/dL
8.0 × 104 /mm3

63.7%
2.01 mg/dL

(-)
(-)
(-)
(-)
(-)
(-)
(+)

Blood chemistry
AST
ALT
LDH
T-Bil
D-Bil
ALP
γ-GTP
TP
Alb
T-Cho
TG
BUN
Cr
Na
K
Cl
Glu
Tumor marker
AFP
PIVKA-Ⅱ

196 IU/L
78 IU/L
533 IU/L
1.7 mg/dL
0.8 mg/dL
290 IU/L
158 IU/L
6.6 g/dL
2.9 g/dL
133 mg/dL
78 mg/dL
12 mg/dL
0.6 mg/dL
139 mEq/L
4.0 mEq/L
103 mEq/L
110 mg/dL
220150
459000 mAU/mL

the medullary cone to cauda equina (Figure 4). Based
on the rapid aggravation of the symptoms, a metastatic
spinal tumor from the HCC was diagnosed. Aggressive

C

Figure 5 A: Pathology. Atypical cells with granular eosinophilic cytoplasm, forming
pseudoglandular and trabecular structures, suggested metastatic hepatocellular
carcinoma; B, C: Pseudoglandular and trabecular structures.

treatment was considered not possible due to the general
condition of the patient. Symptomatic treatment was
therefore performed, but the patient died of respiratory
insufficiency on April 14. An autopsy of the spinal tumor
was performed to establish a definite diagnosis after
consent was obtained from his family, and the pathological
diagnosis was confirmed as metastasis of HCC (Figure 5).

DISCUSSION
Among the symptoms of spinal tumors are pain and
www.wjgnet.com
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abnormal sensations in the region innervated by the
tumor-impaired region and subsequent muscle weakness,
imperception, muscular atrophy, and in many cases
vesicorectal disturbance. Okamoto et al[4] reported that
weakness/paraplegia occurred in 85%, numbness/loss of
sensation in 65%, bladder/bowel dysfunction in 75%, and
local pain (backache, lumbago, and root pain) in 65% as
symptoms of intradural parenchymal involvement (IPI).
Spinal metastasis is known to cause early aggravation
or neurological symptoms. Edema and hemorrhage
of the tumor and rapid tumor growth or secondary
obstruction of spinal blood vessels may rapidly aggravate
the symptoms[5]. Assuming that metastasis had occurred at
the time lumbar pain developed, the patient would reach
the level of gait disturbance within only 4 mo, showing
a rapid advancement of symptoms. If early diagnosis
had been made, treatment, such as decompression, could
be performed before acute myelopathy progressed to
complete paralysis.
The pathogenic mechanism of spinal metastasis might
be as follows: (1) The coexistence of pulmonary and brain
metastases supports the conclusion of dissemination
through the arterial route; (2) the other is spread through
the vertebral venous plexus, extending from the pelvis
to the cranial venous sinuses, enabling retrog rade
transportation to the spinal cord; (3) direct invasion from
contiguous structures; and (4) intraspinal dissemination.
This patient also had a metastatic brain tumor. HCC
rarely metastasizes to the brain. In autopsy series, brain
metastases were found in 1.3% in Japan[6]. In contrast, an
American survey of 482 cases of intracranial metastases by
the University of Maryland and John Hopkins University
did not find a single case of metastatic HCC[7]. With the
diffuse presence of tumors around the spinal cauda equina,
intraspinal dissemination from the metastatic brain tumor
appeared to be likely. Edelson et al[8] reported that more
tumors are involved in the lumbar cord and cauda equina
than it is expected from its length because the spinal cord
is a common site of meningeal seeding.
Spinal tumors are classified into 3 types based on
their localization: extradural, intradural-extramedullary,
and intramedullary. Generally, extradural lesions most
frequently metastasize. Intradural lesions are rare. Most
lesions are extrameduallary, such as schwannoma and
neurofibroma. Among spinal tumors, intramedullary
tumors are uncommon, and most cases are astrocytoma
and ependymoma [9] . MRI plays a central role in the
diagnosis of these tumors[10], and readily permits their
classification. However, aggressive examinations are not
applicable in many cases because spinal tumors usually
appear in the advanced stage. And spinal tumors are
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collectively handled with metastatic brain tumors and
carcinomatous meningitis in many cases. Thus, a definite
diagnosis before death is difficult and proper use of
imaging examination will greatly assist in screening for
tumors from other spinal diseases.
In conclusion, PI is usually one of the late
manifestations in patients with widespread diseases. Thus,
the prognosis of patients with IPI is poor.
To reduce pain in patients with a widespread disease, an
early recognition of IPI symptoms and signs, and palliative
treatment are necessary.
Advances in medical techniques have enabled the
diagnosis and treatment of HCC in early stages, and have
significantly prolonged the survival of the patients. We
speculate that the terminal stage of HCC will be not only
liver failure associated with intrahepatic lesions but also
metastasis to other regions, therefore, the prognosis of
the patients and the treatment for individual pathologies
should be determined , which constitutes an important
issue in this area.
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Abstract
Von Recklinghausen’s disease is an autosomal dominant
hereditary disease associated with a wide number of
neoplasms. We report a case of a 47-year-old Caucasian
male affected by Von Recklinghausen’s disease who
developed a malignant somatostatinoma of the papilla
major and minor associated with jejunal gastrointestinal
stromal tumour with uncertain behaviour. At laparotomy,
multiple hepatic metastases were evident. Whipple
pancreaticoduodenectomy, jejunal resection, extensive
lymphadenectomy and multiple hepatic wedge
resections were performed. The patient was alive
without recurrence after 24 mo. This is the fourth case
reported in the world literature of a patient with Von
Recklinghausen’s disease associated with periampullary
somatostatinomas and jejunal stromal tumor. In patients
with Von Recklinghausen’s disease who complain of
gastrointestinal symptoms, a high suspicion index for
periampullary endocrine tumours and/or gastrointestinal
stromal tumour is required. An aggressive surgical
approach seems to give long term survival also in
metastatic patients.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Von Recklinghausen’s disease (VRD), also known as type 1
neurofibromatosis, is an autosomal dominant disorder with
variable penetrance, occurring in about 1 per 3000 births.
The gene for VRD has been identified on chromosome
17 and approximately 50% of the cases present as new
mutations[1].
The disease is clinically characterized by multiple
cutaneous neurofibromas, café-au-lait spots, axillary
or inguinal freckling, Lisch nodules (pigmented iris
hamartomas). Von Recklinghausen’s disease is also known
to be associated with a variety of neoplastic lesions with
a neurogenic or neuroendocrine origin and 3%-15% of
those patients will develop malignant tumours during their
life [2]. In the last 20 years periampullary tumours have
been recognized with increased incidence in patients with
VRD. Neurofibromas and endocrine tumours are the most
common tumours of the papilla of Vater complicating
VRD[2,3].
We report a case of a patient with VRD presenting a so
called malignant “somatostatinoma” of the papilla major
and minor associated with a jejunal gastrointestinal stromal
tumour (GIST) with uncertain behaviour.

CASE REPORT
A 47-year-old Caucasian male affected by VRD was
admitted to our Depar tment in April 2004 with a
presumptive diagnosis of duodenal carcinoids.
His medical history started in September 2002 when
he was admitted to another hospital because of melena.
Upper and lower gastrointestinal tract endoscopy showed
a Barrett disease and a specific medical treatment was
started. The patient was well until December 2003
when melena associated with diar rhoea recur red.
Gastroduodenoscopy showed two submucosal ulcerated
lesions on papilla major and minor which were diagnosed
as carcinoids based on histological examination. Common
and endocrine tumour markers (NSE, CgA, CEA, CA
19.9) as well as laboratory routine tests were within normal
values. Gastrin levels were high (267 pg/mL) but secretin
test was negative. A small bowel barium follow through
and an abdominal computed tomography (CT) scan raised
the suspicion for another hypervascularized lesion in the
www.wjgnet.com
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Figure 1 Abdominal CT scan showing a lesion within papilla major (A) and minor
(B), and a hypervascularized lesion in the distal jejunum (C).

distal jejunum (Figure 1A-C) while an octreoscan was
negative for all aforementioned lesions.
In April 2004 the patient was sent to our Department
for a surgical approach. Physical examination revealed
multiple generalized cutaneous neurofibromas of varying
sizes and café-au-lait skin spots. Skin was not jaundiced,
no lymphadenopathy was palpable, abdominal examination
was unremarkable. An ultrasound sonography (US) with
contrast medium was negative for liver metastases.
At laparotomy three hepatic metastases were seen on
liver surface. An intraoperative histological examination
of the hepatic lesions was positive for metastases from
endocrine carcinoma. After an intraoperative ultrasound
(IOUS) assessment, another three lesions were seen and
judged as respectable. Small bowel examination confirmed
the jejunal lesion. Whipple pancreaticoduodenectomy
with jejunal resection, extensive lymphadenectomy
and multiple hepatic wedge resections were performed
with radical intent. Moreover, one cutaneous lesion was
excised. On opening the resected specimen two whitish,
nodular lesions measuring 1.7 cm and 1.2 cm were seen
in papilla major and minor associated with a jejunal
brownish lesion, 7 cm in size, with exophytic growth.
Final pathological examination established a papilla major
and minor well-differentiated endocrine carcinoma with
strong immunohistochemical expression of somatostatin
(“somatostatinoma”) and ki67 < 1 % (Figure 2A and B)
associated with nodal metastases in 6 out of 73 resected
nodes (2 out of 10 mesenteric nodes). Moreover, 6 liver
metastases measuring from 0.5 to 2 cm in size from an
endocrine carcinoma were diagnosed. Considering the
jejunal neoplasm, a diagnosis of GIST with uncertain
behaviour (major diameter 6 cm, CD117++, mitoses: 2/10
high power fields) was made (Figure 3). The cutaneous
lesion was a neurofibroma with a proliferation of all
the elements in the peripheral nerve including neuritis,
Schwann cells and fibroblasts.
The postoperative course was uneventful. The patient
was discharged 9 days after operation. He was alive without
recurrent disease 16 mo after the initial surgery.

www.wjgnet.com

Figure 2 Low-grade microscopic view of the surgical specimen showing a
well-differentiated endocrine carcinoma in the papilla major (A) and a strong
immunohistochemical expression of synaptofisin (B).

Figure 3 Low-grade microscopic section of the jejunal GIST.

DISCUSSION
VRD is an autosomal dominant hereditary disease due to a
mutation of the NF1 gene on chromosome 17. This gene
encodes a GTPase activating protein that can regulate the
activity of the p21 product of the ras oncogene and seems
to play an important role in controlling cell proliferation
and differentiation in a wide range of tissues. Different
mutations in the gene are involved in the development
of various clinical manifestations of VRD, including
malignant tumours[5].
The patient developed at the same time three tumours:
one jejunal GIST and two endocrine neoplasms (one
papilla major neoplasm and one papilla minor neoplasm),
with strong immunohystochemical expression of
somatostatin (“somatostatinoma”). This is the forth
case described in the world literature of a VRD patient
associated with this rare somatostatinoma[6-8].
Gastrointestinal (GI) lesions reported in about 25%
of patients affected by VRD, can be divided into three
groups: (1) hyperplasia of the gut neural tissue and its
supporting structures leading to abnormalities of GI
motility, (2) endocrine tumours of the duodenum and the
periampullary region, (3) GIST with different degrees of
neural and smooth muscle differentiation and biological
behaviour[2-4,9].
In VRD, endocrine tumours of the periampullary

Bettini R et al . Somatostatinomas and neurofibromatosis

region show a glandular architecture, contain calcified
psammoma bodies, sometimes produce somatostatin and
are positive for somatostatin at immunohystochemical
analysis. Usually they are not functioning and symptoms
are related to local mass effects such as obstructive
jaundice, haemorrhage, intestinal obstr uction, and
cholangitis [2]. It has been supposed that in such cases
tumor-like symptoms appear before enough somatostatin
is produced to cause the related syndrome[10,11]. To the best
of our knowledge, from 1981, only 34 cases of “so called”
periampullary somatostatinoma associated with VRD have
been reported. The patients’ age ranged from 21 to 70
years, with an equal distribution between sexes. Jaundice
and abdominal pain are the most common symptoms,
while manifestations of the somatostatinoma syndrome
(diabetes mellitus, steatorrhea and cholelithiasis) can be
found in only few patients. In 56% of patients the greatest
diameter was 2 cm or less. The resection of choice was a
pancreaticoduodenectomy (60%) while in the remaining
cases a local resection was performed [6-10]. This latter
procedure is considered as an appropriate treatment for
small duodenal tumours (< 2 cm) far from the ampulla[6,7].
Nevertheless regional node involvement has been reported
in 53% of patients even when the tumour was less than
2 cm in size [12]. These data and the possible invasion
of the deepest layers make, in our opinion, mandatory
pancreaticoduodenectomy as a procedure of choice.
The role of surgery in patients with distant metastases
is still under debate[11]. Patel et al[10] have reported long
term disease free survival with good quality of life in
patients who underwent radical resection both of the
primary tumour and liver metastases. However, the optimal
surgical choice is unknown because of the small number
of cases collected and the lack of randomized controlled
trials. In regard to prognosis, although long term followup is available in only few cases, the postoperative survival
ranged from 4 to 60 mo (mean 18.4, median 14.5) and only
two patients died of the disease[6-10].
In regard to GIST, its incidence in VRD ranges
from 4% to 25%. GISTs are neoplasms characterized
by CD117 positive mesenchymal spindle, epithelioid or
pleomorphic cells[3,13-15], often found incidentally during
unrelated surgery or autoptic studies. On the other hand,
they may be symptomatic, causing obstruction, volvulus,
intussusception, ulceration, bleeding and perforation[2,13,15].
Most of the GISTs associated with VRD are benign
or with uncertain biological behaviour while malignant
tumours are uncommon. Histologically there are no
specific differences between GISTs associated with VRD
and those occurring in non-VRD patients. However,
tumours associated with VRD frequently show jejunal
location, multiplicity, abundant skeinoid fibres and
sometimes a partial ultrastructural neural differentiation.
Moreover, Griffiths et al[4] demonstrated that patients
with VRD and duodenal endocrine tumours have a
high risk of developing phaeochromocytoma and the
frequency of phaeochromocytoma is about 1% in VRD
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patients but increases up to 22% in those with associated
endocrine duodenal tumours. However, no evidence of
phaeochromocytoma was found in this case.
In conclusion, in patients with VRD who complain of
gastrointestinal symptoms, a high suspicion index of
periampullary endocrine tumours and/or GISTs is required.
An aggressive surgical approach seems to give long-term
survival and good palliation also in metastatic patients.
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Abstract
We report a 12 years old female patient with an overlap
syndrome involving autoimmune hepatitis (AIH) and
systemic lupus erythematosus (SLE). The patient
presented with jaundice, hepatosplenomegaly, malaise,
polyarthralgia, arthritis and butterfly rash on the face.
Laboratory tests revealed severe liver dysfunction,
Coombs positive hemolytic anemia and a positive ANA/
anti-dsDNA test. Renal biopsy showed class IIA kidney
disease, while liver biopsy showed chronic hepatitis
with severe inflammatory activity. The patient satisfied
the international criteria for both SLE and AIH. Clinical
symptoms and laboratory findings of SLE improved
with high dose treatment with corticosteroids and
azathioprine, however, remission of the liver disease
could not be achieved. Repeat biopsy of the liver after
three years of therapy revealed ongoing chronic hepatitis
with high level of inflammatory activity. The present case
indicates that children with liver dysfunction and SLE
should be investigated for AIH. There is much diagnostic
and therapeutic dilemma in patients with AIH-SLE
overlap syndrome.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Systemic lupus er ythematosus (SLE) is a systemic,
autoimmune disease classically involving the skin, kidneys,
cardiovascular system, and central ner vous system.
Autoimmune hepatitis (AIH) is also an autoimmune disease
causing inflammation of the liver. AIH is characterized by
histological changes of interface hepatitis and plasma cell
infiltration of the portal tracts, hypergammaglobulinemia,
and autoantibodies. AIH reflects a complex interaction
between trig g ering factors, autoantig ens, g enetic
predisposition, and immunoregulatory mechanisms[1-7].
Although the liver is not a major target for damage
in SLE, clinical and biochemical evidence of liver
abnormalities are common. However, abnormality of
liver function is not a diagnostic criterion of SLE. After
careful exclusion of various etiologies of liver disease, the
question remains as to whether to classify the patient as
having a primary liver disease with associated autoimmune
features or having liver disease as a manifestation of SLE.
Whether AIH and SLE-associated hepatitis are two distinct
entities remains unclear. Several clinical and histological
features have been used to discriminate AIH from SLE,
since complications and therapy are very different in the
two conditions [1,7]. In this report, we present a patient
with an overlap syndrome involving autoimmune hepatitis
and SLE.

CASE REPORT
A 12-year-old girl was admitted in April 2002 with
co mp l a in ts o f m a la ise, j a un di ce, p o lya r thralgia,
abdominal distention, chest pain, and swelling of the
metocarpophalangeal joints. The patient was noted to have
jaundice three months prior to her presentation, but the
jaundice had disappeared spontaneously. Family history was
negative for rheumatic or inherited liver disease, including
SLE and AIH. There was no consanguinity among the
parents. On physical examination, the patient had the
characteristic butterfly rash on the face, hepatomegaly (9
cm palpable below the right costal margin), splenomegaly
(7.5 cm palpable below the left costal margin) and swollen
metocarpophalangeal joints.
Complete blood count revealed hemoglobin of 100 g/L,
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Figure 1 Liver biopsy
revealed chronic hepatitis
with severe activity, interface
hepatitis, confluent necrosis
and some spotty necroses
within the parenchyma.
Portal fibrosis, portal-portal
and portal-central fibrous
bridging were also present
(HE, x 100).

white blood cell count 6000/mm 3 and platelet count
409.000/mm3, a peripheral blood smear showed hemolysis
with reticulocytosis. Microscopic examination of the urine
revealed hematuria. Biochemical tests showed evidence of
liver dysfunction. Serum alanine aminotransferase (ALT)
was 698 IU/L (N: 5-40 IU/L), aspartate aminotransferase
(AST) 1099 IU/L (N: 8-33 IU/L), gamma-glutamyl
transpeptidase 124 IU/L (N: 5-40 IU/L), alkaline
phosphatase 770 IU/L (N: 35-129 IU/L), total bilirubin
39 mg/L (N: 1-12 mg/L), conjugated bilirubin 35 mg/L (N:
0-3 mg/L), total proteins 96 g/L (N: 60-87 g/L), albumin
26 g/L (N: 32-48 g/L) and prothrombin time 17.6 s (N:
11-15 s). Serum creatinine, BUN and fibrinogen were
normal. Wilson’s disease was ruled out because of normal
serum ceruloplasmin, 24 h-urinary cooper levels and
negative Kayser Fleischer ring. Erythrocyte sedimentation
rate and C-reactive protein level were elevated (117
mm/h and 100 mg/L respectively). Coombs-positive
hemolytic anemia was detected. Serum immunoglobulin
G and M levels were increased (3709 and 145 mg/dL
respectively). Serological tests showed positive results
for serum antibodies against nuclear antigen (ANA) and
double-stranded DNA (anti-dsDNA) (1/160 and 25
IU/mL respectively), and the serum levels of C3 and C4
were reduced. Tests for antiphospholipid antibody and
anticardiolipin antibody were positive. Antibodies against
smooth muscle (SMA) and liver/kidney microsomes
(LKM) were negative. Viral serological tests including
antibodies against hepatitis viruses A, B and C, Epstein
Barr, Cytomegalovirus (CMV) and hepatitis C virus RNA
(by polymerase chain reaction) were negative. Abdominal
ultrasonography and color Doppler ultrasonography
revealed hepatosplenomegaly. The patient showed 7 of
11 American College of Rheumatology (ACR) criteria
for SLE which classified her as definite SLE [8]. Renal
biopsy revealed class IIA kidney disease according to the
WHO classification [9,10]. Liver biopsy showed chronic
hepatitis with severe inflammatory activity characterized
by portal infiltration by lymphocytes and plasma cells,
interface hepatitis, confluent necrosis and areas of spotty
necroses in the parenchyma. Portal fibrosis, portal-portal
and portal-central fibrous bridging fibrous was noted.
Histological activity score according to the Ishak modified
Knodell system was 14, and the fibrosis stage was 4
(Figure 1)[11].
These findings sug gested an overlap syndrome
involving SLE and autoimmune hepatitis. The patient was
started on treatment with oral prednisolone (Deltacortril)
2 mg/kg per day (60 mg/d) and hydroxychloroquine 200
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mg/d. Because of steroid-related side effects and the
ongoing high transaminase levels, azathioprine (AZA)
was added (1 mg/kg per day), hydroxychloroquine was
discontinued and prednisolone was gradually tapered. The
hematuria disappeared but the serum transaminase levels
(ALT: 1061 IU/L AST: 1150 IU/L) remained high after
six months of therapy with prednisolone and AZA. At
this stage, the dose of AZA was increased to 2 mg/kg per
day and prednisolone was increased to 60 mg/d. Although
clinical symptoms and laborator y findings of SLE
improved, liver dysfunction persisted despite three years
of treatment with corticosteroids (one course of pulse
steroids) and high dose of AZA. The transaminase levels
increased when the dose of steroid was reduced. Repeat
liver biopsy after three years showed similar histological
findings, with a mild increase in portal inflammation and
interface hepatitis. The HAI score increased from 14 to
16, while the fibrosis stage remained unchanged as 4. AZA
was replaced by mycophenolate mofetil 500 mg/d oraly
(Cellcept® Roche), without any benefit.

DISCUSSION
The difference between the hepatic involvement in SLE
and AIH has not been clearly defined due to similarities
in the clinical and biochemical features. Liver involvement
in patients with SLE is well documented but is considered
rare. Certain factors have been implicated in the etiology
of liver disease in SLE. However, the question remains
whether to classify the patient as having a primary
liver disease with associated autoimmune features or
as having liver disease as a manifestation of SLE[1,12]. It
has been suggested that patients with AIH may be at an
increased risk of developing systemic connective tissue
diseases. Conversely, patients with systemic connective
tissue diseases may be at an increased risk of AIH [13].
Therefore, it is important to distinguish AIH from SLE,
since complications and therapy are different in the two
conditions. AIH may lead to end stage liver disease, while
SLE may result in end stage renal disease.
The criteria for the diagnosis of AIH in adult patients
have been established by the International Autoimmune
Hepatitis Group (IAIHG) [14] . The diagnosis requires
the presence of characteristic laborator y and liver
histology features and the exclusion of conditions that
resemble AIH. Interface hepatitis is the hallmark of the
syndrome and portal plasma cell infiltration is typical of
the disorder[2]. The scoring system can also be used for
children to support the diagnosis of AIH in the presence
of interface hepatitis[15]. The criteria for the diagnosis of
SLE have been proposed by the American College of
Rheumatology[8].
Although AIH and SLE-associated hepatitis are
considered as two different entities[16], both have features
of an autoimmune disorder, such as the presence of
polyarthralgia, hypergammaglobulinemia and positive
tests for ANA, SMA, antiribonucleoprotein antibody,
and anticardiolipin antibodies[17]. Therefore, reliance on
serologic criteria alone may lead to diagnostic confusion.
Fortunately, several histological and clinical features
can differentiate AIH from SLE[16-18]. The presence of
www.wjgnet.com
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cirrhosis or periportal (interface) hepatitis, periportal
piecemeal necrosis associated variably with lobular activity,
and rosette formation of liver cells support the diagnosis
of AIH, but do not exclude SLE. The presence of only
lobular hepatitis is more compatible with SLE. In both
“lupus hepatitis” (or “SLE hepatitis”) and treated AIH,
the inflammatory infiltrate consists mainly of lymphocytes,
whereas in untreated AIH, these cells are mixed with
plasma cells. Our patient had chronic hepatitis with severe
inflammatory activity characterized by focal necrosis of
the hepatic cells, erosion of the lobular limiting plate, and
periportal hepatitis, infiltration by lymphocytes and plasma
cells, and presence of fibrosis in the portal areas. ANA
was the only positive serological marker; its positivity is
sufficient to diagnose AIH. Consequently, these findings
strongly support the diagnosis of AIH[19]. The patient was
evaluated for hereditary (Wilson’s disease, α-1 antitrypsin
deficiency, and genetic hemochromatosis), infectious
(hepatitis A, B, C and CMV, EBV), and drug-induced liver
injury, some of which may have autoimmune features[20-22].
When the scoring system for AIH was applied, patient had
a score of 17, which is sufficient for a definite diagnosis of
AIH[14].
Patients with SLE have a 25%-50% chance of
developing abnormal liver tests in their lifetime. The
frequency of liver dysfunction and the associated portal
inflammation support the view that subclinical liver disease
is a concomitant feature of SLE[23]. Histologically, the most
common findings are fatty infiltration, and atrophy and
necrosis of the central hepatic cells[24]. These abnormalities
were not found in our patient.
Our patient met the American College of
Rheumatology criteria for SLE as well as the criteria
for AIH[9,16,17,25]. She had the characteristic butterfly rash
over the nasal bridge, polyarthralgia, arthritis, serositis,
renal disorder, hematologic disorder, and was positive for
antibodies against native DNA and nuclear antigen. She
was started on prednisolone and hydroxychloroquine and
achieved complete remission for her SLE but the liver
disease failed to respond to the treatment.
We believe that our patient has the AIH-SLE overlap
syndrome, a condition rarely seen in children [26]. In a
previous report from our institute, we had described a
young girl with features of AIH who developed full-blown
SLE after 2 years of follow up[27]. The AIH-SLE overlap
syndrome has been reported to respond rapidly to steroid
therapy and the prognosis is generally good[28,29]. Atsumi T
et al[31] reported that hepatic disease was not rare in SLE,
and the liver function improved with steroid therapy in
parallel with the stabilization of the other manifestations
of SLE. In their study, liver histology revealed chronic
hepatitis or steroid-induced steatosis, which were
considered to be manifestations of SLE. However, our
patient had features of chronic hepatitis with severe
inflammatory activity, and the response to therapy was
insufficient, as was confirmed by repeat biopsy of the liver.
Antiribosomal P antibody is reported to be a useful
marker for differentiating SLE associated hepatitis from
AIH. This antibody was found in 44% patients with SLE,
but was absent in patients with AIH[31]. However, we did
not carry out this test in our patient.
www.wjgnet.com
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Corticosteroid therapy is effective in all forms of AIH
and the combination of prednisone and AZA is preferred
for purpose of steroid sparing. Relapse is common,
and long-term low-dose prednisone or AZA therapy is
the treatment of choice after a patient has had multiple
relapses. Sustained remission is achievable, even after
relapse and maintenance regimens need not be indefinite.
Drugs such as mycophenolate mofetil cyclosporine,
tacrolimus, and others promise more effective immunosup
pression[32-34].
In conclusion, the AIH-SLE overlap syndrome, which
has been reported rarely in adults, can also be seen in
children. Children with liver dysfunction and SLE should
be investigated for AIH as these two entities can occur
together. Although previous studies have reported good
response to immune suppression by steroids, we could not
achieve complete remission in our patient.
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Table 1 Comparison of published studies using Fecal M2-PK
assay (cut-off value 4 U/mL) for CRC screening (adapted from
[2]
Shastri et al )
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Specificity
Average Sensitivity
(%)
(%)
age
(yr)
CRC Polyp CRC Polyp

# Colonoscopy was not done to compare the results of M2-PK. CRC:
colorectal cancer; M: male; F: female; NA: not available.

TO THE EDITOR
We read with great interest and a bit of surprise the article
by Tonus et al[1]. We would share herein our comments
about it. The specificity of the fecal tumor M2 pyruvate
kinase (M2-PK) reported by Tonus et al[1] for diagnosing
colorectal cancer (CRC) is 93%. This is considerably
higher than in any of the previously published studies.
In our work [2], the maximum specificity of fecal M2PK is 78% (Table 1). There is a vast difference of 15%
between the previous studies and the current study of
Tonus et al[1], which is difficult to explain. We are skeptical
about such a high specificity reported by the authors[1]. Is
their observation an ‘outlier’ as compared to the available
studies till now? Although few reports in the abstract form
have shown that M2-PK has performance characteristics
with specificities exceeding 90%, none of them have
ever been published. Most of these studies reported in
abstracts form involve a small number of patients and are
retrospective.
There are some questions about the study design of
this paper[1]: (1) The total number of patients included
in the study was significantly small (96 patients) with the
control group (42 patients), in fact it is smaller than the
patients having CRC. (2) The diagnosis of CRC was known
before performing the screening tests, has this biased
the results of fecal M2-PK tests? (3) Calculation of the
receiver operating curve (ROC ) using the individual values
of fecal M2-PK could have helped determine whether the
cut-off value of fecal M2-PK used is appropriate.
www.wjgnet.com

The main shortcoming of M2-PK is that it is rather an
indicator of inflammation than cancer per se. It is positive
in patients with different colorectal diseases irrespective of
their etiology (whether CRC, IBD, diarrhea, diverticulitis,
pouchitis etc) as demonstrated by Herzig group in a study
of patients with ileal pouch-anal anastomosis (IPAA)[3]. In
our study, it is also positive in about 88% of patients with
inflammatory bowel disease (Crohn’s disease and ulcerative
colitis)[2].
As has been discussed previously, Fecal M2-PK is a
weak screening biomarker for CRC with a low specificity
and can not be recommended for application[2]. The low
specificity of the test could lead to a high rate of false
positive results triggering the need for colonoscopy in
all these subjects. This could prove hazardous for the
society due to the costs, risks and the manpower utilization
associated with all these unwanted and unindicated
colonoscopies.
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Abstract

INTRODUCTION

Computer tomography (CT) and magnetic resonance
imaging (MRI), as conventional imaging modalities,
are the preferred methodology for tumor, nodal and
systemic metastasis (TNM) staging. However, all
the noninvasive techniques in current use are not
sufficiently able to identify primary tumors and even
unable to define the extent of metastatic spread. In
addition, relying exclusively on macromorphological
characteristics to make a conclusion runs the risk of
misdiagnosis due mainly to the intrinsic limitations of
the imaging modalities themselves. Solely based on
the macromorphological characteristics of cancer, one
cannot give an appropriate assessment of the biological
characteristics of tumors. Currently, positron emission
tomography/computer tomography (PET/CT) are more
and more widely available and their application with
18
18
F-fluorodeoxyglucose ( F-FDG) in oncology has become
one of the standard imaging modalities in diagnosing
and staging of tumors, and monitoring the therapeutic
efficacy in hepatic malignancies. Recently, investigators
have measured glucose utilization in liver tumors using
18
F-FDG, PET and PET/CT in order to establish diagnosis
of tumors, assess their biologic characteristics and
predict therapeutic effects on hepatic malignancies. PET/
18
CT with F-FDG as a radiotracer may further enhance
the hepatic malignancy diagnostic algorithm by accurate
diagnosis, staging, restaging and evaluating its biological
characteristics, which can benefit the patients suffering
from hepatic metastases, hepatocellular carcinoma and
cholangiocarcinoma.

Positron� emission
��������������������
tomography ������
(�����
PET��) �����������������
is a noninvasive
imaging technique that provides a functional or metabolic
assessment of normal tissues or disease������������
d�����������
conditions[1-3].
PET is now widely applied in clinical oncology. Th��e�
development�������������������
of����������������
the resolution ����������������
and sensitivity �������
of PET
have been improved by the availability of newer scanners
with a larger field of view and introduction of integral
PET� ������������������������
and computer tomography �����
(����
CT��)������������
�����������
systems in ����
2000[4,5].
An additional factor is the decision by the Centers for
Medicare and Medicaid Services to approve reimbursement
for several oncologic clinical indications for PET,
including the staging and restaging of non-small-cell lung,
esophageal, colorectal, breast, and head and neck cancers,
cervical cancer, as well as lymphoma and melanoma, ����
and
the monitoring of the response to treatment of breast
cancer[6].
Asian and Western populations have their own
characteristic disease spectrum and cancer incidence[7].
Hepatocellular carcinoma� ������
(HCC) �����������������������
and cholangiocarcinom��a�
(CC)� ��������
are the
���� ������
major ��������
primary ��������
hepatic ��������������������
malignanc�����������
ies��������
in the
world. In the United States, about 150 000 patients are
diagnosed with colon cancer each year, and more than
50 000 of them will develop liver metastases[8]. HCC is one
of the most common cancers in Asian��s and
��������
its mortality
���������� is
���
just ����������
secondary ��������������������������������
to lung cancer in urban regions ����
and ��������
gastric
carcinoma in �����������������
rural regions����
in �����
China [��9]. The incidence
of CC�������������������������
���������������������������
is increasing worldwide and�
���� ��������������������
CC is a devastating
malignancy with a high mortality that presents late and
is difficult to diagnose[10]. At present, PET and PET/CT
with 18F-fluorodeoxyglucose� �(18F-FDG��)� �����
have �����������
joined the
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team for������������
the workup ����
and �����������������������
management of selected ���������
patients
suffering from� �������������������
h������������������
epatic colorectal �������������������
metastases, �������
HCC����
���
or�
CC[11]. ���������������������������
This�����������������������
review focus����������
es on ����
the �������������������
application of PET
���� ����
and
PET/CT with 18F-FDG ������������������������
as a radiotracer �������
in the �����������
evaluation
of hepatic malignanc����������������������������������������
ies�������������������������������������
, including their diagnosis, staging
and restaging, evaluation of their biologic characteristics,
making a treatment plan and monitoring their response���
s��,
detection of early recurrence and� ��������������������
assessment of their
prognosis.

PET AND PET/CT VS CONVENTIONAL
IMAGING MODALITIES
Compared to �����������������������������������
conventional imaging techn���������
ologies��,
including� CT
��� and
�����������������
conventional �������������������
magnetic resonance
imaging (����������
MRI�������
)������
, PET ��������
provides infor mation about
functional or metabolic characteristics for detection of
malignancies, characterization of tumor stage, assessment
of therapeutical response, and tumor recurrence, whereas
CT predominantly shows the anatomical or morphologic
,13�]
features of tumors (i.e. size,����������
density,
��������� and
���������
shape, etc)[12����
.
Conventional imaging modalities reveal� �����������
morphology
of lesions with���������
largely nonspecific
����������������������
features.� T����������
�����������
herefore,
differentiation between malignant and benign lesions
��������������
could
be improved by �������������
PET����������
with its ����������
metabolic ����������
assessment[14].
Furthermore, PET has���
������a �����������������
high sensitivity ���������������
in identifying
areas involving cancer at an early stage. In general,
accelerated radiotracer activity occurs before changes
occur in anatomical structure. In many circumstances,
this specific feature� ��������
permits �����
more ���������
accurate �����������
assessment
of�����������
treatment and
���� ��������
enables ������
early �����������������������
detection of cancerous
lesions[15].
Several radiotracers have been used in detecting
����������
hepatic malignan��������
cies by����������������
���������������
PET �����������
or���������
PET/CT, ����
and� ��������
provide
insight into their physiologic features, including glucose
consumption (assessed with�
����� 18F-FDG) and lipid synthesis
11
[16]
( C-acetate) , cell-membrane metabolism and tumor
proliferation (18F-fluorocholine)[17]. Of these radiotracers,
18
F-FDG is by far the most commonly used in oncologic
PET and the only oncologic PET tracer approved by
the Food and Drug Administration� ������
(FDA)�������������
for
������������
routine
18] 18
clinical use[���
. F-FDG is transported into tumor cells
by glucose transporter proteins on the cell surface and
then phosphorylated by hexokinase to FDG-6-phosphate.
FDG-6-phosphate cannot be further metabolized in
most tumor cells, thereby it selectively accumulates in
cancer tissues��.� ����
The ������������������
amount������������
of tumoral 18F-FDG uptake
is often expressed as the standardized uptake value (SUV)
with a semiquantitative measure.� ����������������������
T���������������������
he�������������������
������������������
SUV is calculated
by dividing the tissue activity by the injected dos�������
ag�����
e of
radioactivity per unit body weight. The SUV ratio is
expressed as the tumor to non-tumor ratio.�������
������
Iwata et al[19]
found that
����� ����
t���
he �������
median ����
SUV is
��� significantly
�������������� lower
���������
in HCC
����
than in metastatic liver cancer or CC, and the median SUV
ratio is significantly lower in HCC than in metastatic liver
cancer or CC and significantly higher in multiple HCC
than in single HCC, while�����
the
���� median
�����������
SUV and
���� median
�������
SUV ratio are significantly higher in the presence of portal
vein thrombosis than in the absence of such thrombosis.
However, PET lacks anatomical landmarks for
www.wjgnet.com
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Table 1 Characteristics of PET and its novel sister modalities in
detecting liver malignancies
Modalities
PET
PET/CT
PET/MDCT

Characteristics
By detecting 18F-FDG uptake, producing functional images
but with very poor anatomical details
Integrated PET and CT system, locate 18F-FDG in specific
anatomical sites
Best to monitor response to treatment, especially early ones
with fine details

topographic orientation, and it is difficult to identify the
abnormal glucose metabolic activity in regions close to
organs with variable physiological 18F-FDG uptake. �����
Thus
combination� ���������������������������������������
with some other forms of imaging, such ���
as
CT, is desirable for differentiating normal from abnormal
radiotracer uptake[20]. PET/CT is an integral
���������������������
combination
������������
of the cross-sectional anatomic information provided
by CT and the metabolic information provided by PET��.
Anatomical and metabolic information is
��� acquired
����������������
during
a single examination and���������������������������������
images of the two series can be�
fused. 18F-FDG PET/CT has���������
������������
several ��������������������
advantages over PET
alone������
,�����
the most
��������������������������
important �����������
one �������
is the ��������
ability ���
to �����������
accurately
localize increased 18F-FDG activity to specific normal or
abnormal anatomic locations, which ��������������������
can� ����������������
be difficult or
even impossible with PET alone[21]. The main commercially
available PET/CT system���������������
s��������������
in the world �������������
are ���������
PET �����
with
multi-detector computed tomography (MDCT), so �����
that
its most units can perform full dose diagnos����
tic CT
��������
�����
scan�
for selected patients who need additional CT scan after
conventional 18F-FDG�����������������
PET/CT
����������������
imaging��
���������. ��������������
Com�����������
par��������
ison of
s���������������������������
everal PET-derived imaging modalities
�������������������������������
with their features
in detecting liver malignancies�������������
is shown in Table
��������
1�.

EVALUATION OF HEPATIC MALIGNANCIES
Diagnosis of hepatic metastases
PET has emerged as an important diagnostic tool in
the evaluation of metastatic liver disease�s[22-26]. A greater
metabolic activity in malignant tissue is accompanied with
a greater glucose uptake���������������������������������
than that in surrounding
�������������������
normal
tissue. This greater focal glucose uptake can be identified
with 18F-FDG� �����
PET, ������
which allows
������� for
���� the
����������������������
identification of
malignant tumor foci. Wiering et al[27] reported the
������������
results
of a�� ����������������������������������������
m���������������������������������������
eta-analysis of the current literature ����������
about the
����
usefulness of 18F-FDG��������������������������
�������������������������
PET for the selection of ���������
patients
to undergo resection� ��������������������
of �����������������
colorectal liver ������������
metastases��.� ����
T���
he
sensitivity and specificity of� 18F-FDG��������
�������
PET ���
in� ��������
hepatic
metastatic disease�������������
s������������
were 79.9% ����
and ���������������������
92.3%, respectively,
and 91.2% and 98.4% in
��� �������������������������������������
extrahepatic disease�����������������
s����������������
, respectively.
The pooled sensitivity and specificity of CT were 82.7%
and 84.1%����
in hepatic
�������������������������������
lesions����������������
, respectively, ����������
and 60.9%
������
and 91.1%����
in� ������������������������������������
extrahepatic lesions, respectively��. 18F-FDG�
PET results
�����������������������������������
led to changes ������������
in clinical ����������������
management �����
from
the first decision, with a� ��������������������
percentage ���������
of ������
31.6% ��������
(range,
20.0����������
%���������
-58.0%)��.� �������������������������������
T������������������������������
he combin���������������������
ation of
���������������
sensitivity �����
with�
specificity ���
in 18F-FDG��������������������
�������������������
PET����������������
���������������
indicated that 18F-FDG�����
����
PET
has an added value in the diagnostic workup of patients
with colorectal liver metastases. 18F-FDG������������
�����������
PET can be
considered ��������������������
as a�����������������
useful tool in ������������������������
preoperative staging ���
by�
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A
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Figure 1 A 33-year-old man undergoing ascending colon cancer resection two
years ago. Coronal PET image (A) also showing recurrent lesion (arrow head)
at the root of mesentery, 18F-FDG PET (B) and PET/CT fused imaging (D)
demonstrating multiple hepatic metastases (arrow), and non-enhanced CT (C)
detecting fewer lesions than PET/CT fused imaging (D).

produc������������������������������������������������
ing���������������������������������������������
superior results compared with conventional
diagnostic modalities, especially in
��� excluding
�����������������������
or detecting
extrahepatic� metastatic���������
�������������������
disease.
Conventional PET scanning is associated with several
shortcomings. The major drawback relates to ����
its� �����
poor
resolution ��������������������
and lack of concise anatomic
�������������������������
illustration ���
of�
PET images, making exact localization of 18F-FDG uptake
difficult.�����
For
���� �����������������
example, a right adrenal
�������� gland
������ �����������
metastasis
might����
be misinterpreted
��������������� as
�����������
a liver metastasis
���������� [28,29] .
Additionally, confirmation of a positive 18F-FDG�����
PET
����
uptake by histology is sometimes impossible because of
the lack of morphologic information. The new PET/
CT technique allows exact identification of the lesions,
which enables accurate biopsies and targeted surgery to
be performed. Compare�������������������������
d������������������������
with contrast-enhanced ����
CT,
PET/CT provide��s������������
comparable
����������� ���������
findings ����
for ��������������
the detection
of primary liver metastases���������������������
. However,�����������
PET/CT is
more helpful than contrast-enhanced
������������������ CT
�����������������
for detection
of recurrent intrahepatic tumors after hepatectomy,
extrahepatic metastases, and local recurrence at the site
of the initial colorectal surgery[30]. I�����������
������������
nformation ���������
provided
by PET/CT results in a ���������������������������������
change from the initial decision
on ��������������������������
therapeutic strateg�������
ies����
in ���������������������
about a fifth of the patients.
����������
Routinely perform��������������
ing�����������
PET/CT on all
���� patients
���������������
being
evaluated for liver resection for metastatic colorectal
cancer is recommended� (Figure
����������
1)[31].� To
�������
the patients
��������������
with�
�����
metastatic colorectal cancer, a routine PET/CT scan is
recommended for making therapeutic decision��������
s�������
, such ���
as
liver resection.
Diagnosis of HCC
PET is an imaging technique reflecting cellular metabolism.
However, the feasibility of PET in diagnosis of HCC is
limited because of ����
its �������������
vague images�
������� ����
and �������������������
high cost.���������
S�������
everal
investigators have reported controversial conclusions
32]
telling� ��������������������������
an inadequate sensitivity �������
of PET
���� ���������
(50������
%�����
-55%)[���
.
[33]
Shin et al reported a group of 32
��� HCC����������
�������������
patients ���������
verified
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by surgical pathology or clinical course using imaging
studies (CT, MRI or angiography) within 3 mo after PET.
The sensitivity and specificity of 18F-FDG����������
PET
���������
were
65.5% and 33.3% respectively. The positive predictive
value was 90.5%. The diagnostic accuracy was 62.5%.�
Chen� et al[34] reported ����������������������������������
that the �������������������������
sensitivity��������������
,�������������
specificity ����
and
accuracy �����������������
were 73.3%,
������������
100% ������������������������
and 74.2%,��������������
respectively�����
������������� ����
for
detecting�����������������
����������������
recurrence������
with 18F-FDG��������
�������
PET in ��������������
patients with
unexplained ris�����������
e of ������
serum alpha-fetoprotein
������������������ (AFP)
������ levels
�������
after the treatment of HCC. Hanajiri[35] ����
and Beadsmoore�
�����������
et al[36] found that 18F-FDG��������
PET����
�������
i��
���s ��������������������
more sensitive
���������������
than�
conventional ���
CT �������������������������������
and MRI in ��������������������
detecting�����������
����������
suspected� �����
vein
tumor thrombus����
���
in �������������������
patient������������
s�����������
with HCC��. �������������
The reported�
positive���������
rate of perihepatic
��������������������������������������
lymph node involvement
���������������
in
���
patients undergoing hepatic resection� ���
is ��������������
approximately 5%
���
for hepatocellular carcinoma. 18F-FDG������������������
PET
�����������������
is useful in
detecting distant metastases from a variety of malignancies
and ���������������
shows superior ���������
accuracy�����������������
to
����������������
conventional CT
��� and
����
MRI in
���������������������
identification of� ������������������������
perihepatic lymph node��s� ����
and
,3��
8] 18
distant metastases[37����
.� F-FDG�����������
PET
����������
could provide
�������� addi�����
tional information and contribute to the management of
HCC patients ����
who �����������������
are suspected
�������������
of �������
having �������������
extrahepatic
metastases.
Of�������������������������������������������������
the noninvasive imaging techniques for����������
studying�
HCC, triple-phase MDCT� �������������
and contrast �������������
enhanced MRI�
have been� �������
widely �������
applied [39,40]. PET/CT combines the
advantages of CT with the functional studying
��������� ability
�������� of
���
PET, through�������������������
��������������������������
the fusion of PET ����
and� CT
����������
images acquired
���������
at the same time that� may�
���� help
����� accurately
����������� localize
�������������������
the ������
focal�
metabolic activity. Currently available data indicate that
PET/CT is more sensitive and specific than either of its
constituent imaging methods alone and probably more
so than images obtained separately from PET and CT
and viewed side by side� (Figure
�������� 2)�����������
�������������
. However, 18F-FDG
PET/CT cannot replace separate diagnostic CT for HCC.
Additional full dose enhanced triple-phase MDCT scan�
at the same time�������������
follow������
ed����
by 18F-FDG PET/CT whole
body scan may be needed
�������������������������������������
to ���������������������������
take in some suspected HCC
patient���
s��, �����������
especial���
ly�������
������
those ���
at ���������
high risk[41].
Diagnosis of CC
Surgical resection is considered
��������������������
the
���������
only ������������������
curative strategy
for intrahepatic ���
CC ���
at �����������������������������
present����������������������
. ��������������������
A�������������������
ccurate staging is ����������
essential
for appropriate management of patients with CC. MRI ���
or�
CT ����������
combining� ����������������������
endoscopic ultrasound ��������
and PET ��������
provide
useful diagnostic information in certain patients[42]. In
diagnosing malignant diseases in patients with biliary
stricture, 18F-FDG�����
PET
���� may
���� ������������������������
give better�������������
sensitivity and
����
specificity� than
����� CT��
����, and
�������
���
is ��������������������������������
more
���������������
���������������������������
sensitive������������������
than
�����������������
cytological
������������
examination of bile in sensitivity[43]. 18F-FDG�����������
PET
����������
could
be useful in cases of suspected hilar CC by
��� radiological
�������������
findings with non-confirmatory biopsy [44].���������
��������
Anderson
et al[45] reported
������������������������������
that
���������������������
����������������
the sensitivity ���
of 18F-FDG��������
is
�������
85% ���
in
detecting nodular morphology, 65% in detecting metastases
of CC, 78% in
�������������
detecting� gallbladder
�����������������������
carcinoma, ��������
and 50%
in detecting� extrahepatic
������������� metastases���������
�������������������
. �������
PET is ������������
accurate in
predicting the presence of nodular CC�
��� ������
(mass ��
> ������
1 cm) ����
but
may be�����������������
not helpful for the
��������������
diagnosis
���������� of
����������������
infiltrating
������������� ��������
type����
of
CC���������
. PET is also
����� helpful
�������������������������������
for detecting residual gallbladder
������������
carcinoma following cholecystectomy and� �������������
has ���������
led to a
change in management of 30% of patients with CC.
���
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Figure 2 A 68-year-old male undergoing HCC resection 28-mo ago. Multiples
bone metastases (arrow) on the image of whole body PET (A), non-enhanced CT
(C) detecting no recurrence lesion in the liver, 18F-FDG PET (B) and PET/CT fused
imaging (D) showing a high metabolism recurrent lesion (arrow head).

The n���������
umber of metasta����������������
�����������������������
tic ������������
lymph nodes ���
is ��������������
a significant
prognostic factor for CC��.� The
�������������
reported �����������������
positiv����������
e���������
rate of
perihepatic lymph node����������������������������
involvement
���������������������������
ranges ��������
30������
%-����
50��
%
in patients with ������
h�����
ilar ��
CC[46], and
������������
4�������
7%-����
58��
% in
��������������
those with�
intrahepatic� CC
��[47]. The involvement of paraaortic and
regional nodes in advanced hilar cholangiocarcinoma
is 14.4%. There is no consensus regarding the optimal
technique for evaluating the status of perihepatic lymph
nodes at the time of liver resection for intrahepatic CC.
Some have advocated routine nodal sampling��������
before
resection���������������
, while others have
����� advocated
���������������������������
routine subhilar
lymphadenectomy. �������������������������������������
Without liver resection, ������������
the optimal
decision to sample lymph nodes can be only guided by
information gathered from preoperative imaging studies
and the intraoperative assessment of perihepatic nodes[48].
Petrowsky� et al[49] reported that� 18F-FDG-PET/CT and
contrast-enhanced CT may
���� ���������������������
provide a comparable ���������
accuracy
for the primary intra-� and
���� ��������������
e�������������
xtra-hepatic ����
CC��. ���������
Regional
lymph node metastases were detected ������������
with��������
PET/CT ����
and
contrast-enhanced CT in only 12% vs 24%. All distant
metastases��������������������
were
�������������������
detected with�
����� 18F-FDG���������������
PET/CT,
��������������
������
while�
only 2���
5��
%��������������������������������������
�������������������������������������
were detected
��������������������������������
with contrast-enhanced
������������������ CT.�
����
PET/CT findings resulted in a change of management
in 17% of patients deemed resectable after standard
work-up. PET/CT is particularly valuable in detecting
unsuspected distant metastases which ��������������
have����������
not �����
been
diagnosed �����������������������
with ������������������
standard imaging. ���������������������
Thus, PET/CT staging
has an important impact on selection of adequate therapy.
However, false positive rates have been found in patients
with inflammatory disease, such as primary sclerosing
cholangitis and cholecystitis��.� �������������
Therefore, a ������������������
multidisciplinary
diagnostic approach using 18F-FDG������������������
�����������������
PET or PET/CT in
conjunction with conventional modalities seems essential
to a precise differential diagnosis.
www.wjgnet.com
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Figure 3 A 68-year-old female complaining of uncomfortable left upper abdomen
for one month with increasing of CA19-9 (> 700 m/L) (A), non-enhanced CT (C)
detecting a low density lesion in the left lobe of the liver (white arrow), 18F-FDG PET
(B) and fused imaging of PET/CT (D) showing necrosis (arrow head) in the center of
the mass with a satellite lesion (black arrow). CC was confirmed by liver biopsy.

EVALUATION OF HEPATIC MALIGNANT
BIOLOGICAL CHARACTERISTICS
T��������
here is a����������
dilemma�
�������� that
����� t���
����
he five-year
������������������������
survival������
�����
rate ���������
(rang����
ing
from 30��
����
%���������
��������
to 50%��)����
���
of ���������
patients �������������������������
after curative resection
of HCC ��������������������������������
almost does not increase in the �������������
past decade.
The treatment�
���������� ���������������������
procedures�����������
of cancer ��������������
must face the
core biological characteristics��������������������������
of cancer-a��������������
ggressiveness
and metastasis
���������� [50�]. The diagnosis, �����������
treatment��, ����������
prognosis
standardization�����
s of hepatic
�������� malignancies������
������������������
rely� ������������
exclusively
on the macromorphological characteristics�����������
, which is
not enough to evaluate the biological
������������������������������
characteristics����
of
such malignancies. Molecular
������������������������������
imaging in oncology is
�������
the
noninvasive imaging of the key molecules and molecul��
e�based events that are characteristic of the genotype and
phenotype of human cancer.�����������������������������
����������������������������
Since tumors with increased
18
F-FDG uptake are more metabolically active and more
,5��
2]
biologically aggressive [51����
,�����
����
PET and
����������������
PET/CT with
18
F-FDG would
������ play
����� a������
key role
��������
in ��������������������������
evaluating the biological
characteristics����
of ��������
hepatic �������������
malignancies �����������
(Figure 3).
It has been reported ���������
that the �����������
higher the ��������
glucose
metabolism seen on 18F-FDG PET imaging, the worse
the prognosis of tumors, especially untreated tumors[53,54].
It is clear that a great deal of biological information is
contained within the 18F-FDG�����������������������
PET�������������������
����������������������
SUV���������������
������������������
that reflects
the level����
of ������������
glycolysis, �������������
and strongly ��������������
correlates ���
to� ���
an
adverse patient prognosis[50]. Although HCC accumulate��s�
18
F-FDG to various degrees, a high positive rate of
18
F-FDG accumulation has been reported in patients with
high-grade HCC[55] and in those with markedly elevated
AFP levels. Preoperative 18F-FDG uptake
����������������������
���������������
reflects tumor
differentiation and P-glycoprotein expression and may be
a good predictor of outcome in HCC[56]. The SUV ratio
i��s related
����������������������
significantly to
��������������������������
disease-related death��s� ���
as
��������
�����
well as
���

Sun L et al . Application of PET/CT in liver cancer

other predictive factors, including the number, size� and�
����
stage of tumors, involvement of vessels� and
�����������������
the capsule,�
and ������������������������
provides information of prognostic
������������������������
relevance in
patients with HCC before surgery[57]. A significant survival
benefit ���
i����������������������
s correlated
��������������������
����������� with
���������
����
low 18F-FDG uptake in ���������
patients
with metastases
�������������������������������
of colorectal cancer[58].
Approximately 50% of patients with resected hepatic
malignan���
cy� ����
may �������������������������
have a tumor�������������
recurrence��. ���������������
Thus, it is of
importance to predict the relapse and to tackle it with
additional treatment. A better understanding of biological
characteristics of hepatic malignan���
cy���������������
��������������
could lead to
adequate use of adjuvant surgical treatments and hopefully
59]
better treatment outcome [���
. For example, if patients
at high risk of tumor recurrence could be identified
before the resection, they would benefit from additional
treatments, �����
such ���������������
as�������������
neoadjuvant ����
and ������������������
adjuvant therapy,
biotherapy������������������������������������
, ����������������������������������
or the
�������������������������������
three����������������������
. It������������������
is not ����������
necessary�����
����
for ���������
patients
at a low risk of tumor recurrence ���������������
to receive�����
������������
the ������
above
therapies�.

SELECTION OF LIVER TRANSPLANTATION
CANDIDATES
Liver transplantation is the only option capable of
simultaneously curing both HCC and the underlying liver
disease. ��������������
Prevention of �������������������������������
postoperative tumor recurrence
to improve the ���������
patients’ long-term survival remain������
s�����
the
primary concern as well as the major difficulty in liver
transplantation for HCC [60]. The
��������
key�
���� problem
����������������
is thus
the selection of patients who can benefit from liver
transplantation, ������������������������
so that it is necessary to
������������
���������
identify ���������
patients
at�������������������������
low���������������������
risk of recurrence. ��������������
The stringent ������������
morphologic
criteria (solitary nodule < 5 cm, 3 nodules < 3 cm� each��
������)
have been implemented�������������
������������������������
to ���������
list HCC �������������������
patients for liver
transplantation�������������������������������������������
, �����������������������������������������
leading to a ����������������������������
big�������������������������
improvement in survival
rate ��������������������
of������������������
transplanted HCC �������������������������������
patients in the last 10 years��.�
Nevertheless�������������������������
, several
�����������������������
recent studies have
���������������
shown the
,6��
2]
limitations of such criteria����
in prediction
��������������
of progno���
���������
sis[61����
.
A������������������������
ll ���������������������
conventional imaging modalities
�����������������������������������
������������������������
in current use ���������
with ����
the
common� HCC
������������
staging procedures
����������� (TNM,
����������������������
Milan criteria)
have �����������������������������
their own limits�������������
to identify primary
�������� tumors
������� and
���� ����
may
be �����
even ����������������������
more limited����������
���������
in their ��������
ability ��������������
to define the extent
�������
of metastatic spread[63]. Furthermore, relying exclusively
on the macromorphological characteristics of��������
tumors� may
����
result in misdiagnosis mainly due to the limits of imaging
techniques. The macromorphological characteristics of
cancer also give an imprecise estimate of the tumor's
aggressiveness[64].
With the advantages of whole-body scanning and
high sensitivity in�
��������������������
�����������������
tumor detection, 18 F-FDG�����
����
PET/
CT can be instrumental in preoperative evaluation of
liver transplantation for HCC (such as modification of
clinical staging) and early detection of postoperative
recurrent tumors.��������������
Histological
������������� �������������������������
grade of differentiation
and macroscopic vascular invasion are strong predictors
of both survival and tumor recurrence in patients with
cirrhosis who receive transplants ��������������
because of����
HCC[65]. Cillo�
������
[66]
et al reported ������������������������������������������
that candidates for liver transplantation
can be selected using HCC grades (G1 and G2) based
on preoperative fine��������
needle
������� ����������������������������
aspiration biopsy�����������
, which����
is
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associated with an extremely low rate of tumor recurrence,
comparable with that of incidentally detected HCC��.
H������������
istological examination
������������������
using percutaneous
���������������������������
needle biopsy�
may be the most definite assessment of HCC grades.
However, it is invasive and the specimen� ���������������
retrieved does
not always represent the entire lesion owing to����������
���������
sampling
errors[67].��������������
H������������
istological ������
grade ����
and �������������������������
vascular invasion cannot
be determined preoperatively������
.�����
PET ����������������
and PET/CT with
18
F-FDG���������������
��������������
imaging could ����������
also be a �����
good ������������������
preoperative tool
for estimating the post-������������������������������������
l�����������������������������������
iver transplantation risk of tumor
recurrence, importantly, ������������������������
t�����������������������
umor recurrence can be highly
�������
anticipated for PET-imaging-positive HCC patients who
satisfy the Milan criteria. Yang
����� et al [68] supported
���������������
that
P������������������������
ET-imaging-positive HCC patients��������������������
����������������������������
should�������������
be selected
cautiously for l���������������������
����������������������
iver transplantation.

SELECTION OF PATIENTS WITH HEPATIC
COLORECTAL METASTASES FOR
HEPATECTOMY
Hepatic resection, a potentially curative approach for
patients with liver metastases from colorectal carcinoma,
carries a 5-year survival rate of 30%-50%. The resection
rate ���
of� ��������
hepatic �������������������������������������
metastases from colorectal carcinoma
varies from 20% to 50%[69]. Some clinical and pathological
factors have been identified as important prognostic
determinants of survival after surgical resection ���
of�
colorectal liver metastases����������������
, ��������������
includ��������
ing�����
sex� ����
and� �����������
age��������
of the
patient������������������������������
s, stage����������������������
of tumor�������������
, the
�����������
������� and
number
���������
size as
��������
well as
���
distribution� ���
of ��������
hepatic ��������������������
metast��������������
atic lesions��, ������������
presence of
extrahepatic distant metastases, type of hepatectomy, and
adjuvant chemotherapy��, etc[70].����������
Antoniou�
��������� et a�l[71] reported
that a repeated
��������� hepatectomy���������
������������ i�������
��������
s �����
safe and
���� ����
may ��������
provide�
survival benefit equal to that of ��������������������������
the�����������������������
first liver resection�
based on ���������������������
their results from���
�������a ��������������������������
m�������������������������
eta-analysis of r��������
���������
epeat���
ed�
hepatectomy for patients with colorectal cancer metastases��.
18
F-FDG�������������������������
PET
������������������������
is a useful tool in ����������������������
preoperative staging��.
It may be better than ������������������������
conventional diagnostic ������������
modalities��,�
especially for staging and re-staging after hepatectomy[72].�
Kinkel� et al[73] ������������������
reported that the ��������������������������
mean weighted sensitivity
of ultrasonography, CT, MR���
I��, ����
and 18F-FDG�������������
PET
������������
is 55%,
72%, 76% and 90% respectively, in the detection of
hepatic metastases from colorectal, gastric, and esophageal
cancers.� �����������
Results of �������������������������������������
pair wise comparison between imaging
modalities demonstrated a greater sensitivity of 18F-FDG�
PET than ultrasonography, CT� ������������
and MR������
I�����
. At �����������
equivalent
specificity, 18F-FDG������������
PET
�����������
is the ���������������������������
most sensitive noninvasive
imaging modality for the diagnosis of hepatic metastases
from colorectal, gastric, and esophageal cancers.
18
F-FDG��������
�������
PET/CT �������������������
provides important �����������
additional
infor mation in patients with presumed resectable
colorectal metastases to the liver, leading to a change of
therapy in one����������
�������������
fifth of ��������
patients[74]. The most significant
additional information relates to the accurate detection
of extrahepatic spread of tumor. 18F-FDG�����������
����������
PET/CT is
particularly valuable in detecting local recurrence at the
margin of a previous liver resection and at the site of the
primary colorectal surgery[75]. It
��� also���������������
�������������������
��������������
increases the ���������
accuracy
and certainty of locating lesions in colorectal cancer. More
definitely normal and abnormal lesions could be identified
www.wjgnet.com
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with PET/CT than with PET alone with an improved
staging and restaging accuracy of 78%-89%[76].� ����������
This test
should be used for� ���������
patient��s� ���
at ��������������
high risk for extrahepatic
�������������
disease and evaluated prospectively for all patients under
consideration for liver resection.

VIABLE TUMORS VS NECROSIS OR
FIBROSIS AFTER TREATMENT
Less than 20% of patients with hepatic metastases, HCC
and CC have been treated surgically. Palliative treatment
of inoperable hepatic metastases, HCC and CC has
been reported[77]. Despite initial resection or remission
of hepatic malignan��������������������������
cy������������������������
, the survival benefits are
��������
not
satisfactory because of frequent recurrences following
the treatment[78]. Early detection of a residual������������
�����������
or locally
recurrent tumor after p�����������������������������������
������������������������������������
alliative treatment is�������������
������������
critical to ������
early
successful retreatment.� Conventional
������������� CT
��� and
��������
MRI are
����
disadvantageous����
in� early
������ ����������������������������������
evaluation of the local treatment
efficacy� and�������������������
����������������������
recurrent disease�s[79].
An important contribution of restaging with PET
among patients without any other clinical or biochemical
evidence of disease is the possibility of distinguishing
between viable tumors and necrosis or fibrosis in residual
masses that may be present after treatment[78]. PET and
PET/CT with 18F-FDG are not affected by scar tissue
and artificial materials.� 18F-FDG�����
����
PET �����������
and PET/CT
accurately monitor the local efficacy of radiofrequency
ablation (RFA) for treatment of liver metastases and
can recognize early incomplete tumor ablation, which�
may ���������������������������������������
not be detectable on contrast-enhanced ���
CT alone.
�������
Conversely, CT� and
��������
MRI
���� may
���� be
������������������
false-positive at
�����������
the rim
,81�]
of the lesions because of hyperperfusion after RFA[80����
.
[82]
18
Zhao et al reported������
that F-FDG������������������
�����������������
PET/CT i���������
s��������
better
than CT in judging tumor residue of HCC after�����������
����������
treatment
with t�������������
��������������
ranscatheter arterial
����������������������������
chemo-embolization (TACE)
�������
combined with RFA or surgery and in guiding further
treatment of HCC.������������������������������������
�����������������������������������
Furthermore, integrated PET/CT can
provide a value especially for the postoperatively distorted
liver with scar tissue and artificial materials, where the
sensitivity and specificity CT and MRI are relatively low.

PREDICTORS OF POSTOPERATIVE
RECURRENCE IN ASYMPTOMATIC
PATIENTS
An unexplained ris�����������
e of�������
tumor ��������
marker��s �������
(������
e.g., ������
among�
patients with colorectal cancer and elevated levels of
serum carcinoembryonic antigen� (CEA)
������ or
�������
HCC patients
���������
with elevated serum
�����������������
AFP levels after
���������������������
the treatment��) after
������
the treatment����
�������������
of ��������
hepatic �����������
malignancy����
���
is ���
an ������
early ����������
indicator
of tumor recurrence����
or� �������������
extrahepatic ����������
metastases [83] .
However, conventional imaging techniques have a limited
sensitivity for detecting recurrent disease in such patients.
18
F-FDG�����
PET
���� ���������
has������
been �������������
proved to be� ���
an ����������������
effective wholebody imaging technique that detects metabolic changes
preceding str uctural findings.�����������������
Several
����������������
studies �����
have
persuasively demonstrated that tumor restaging with PET
can detect and localize disease recurrence among patients
www.wjgnet.com
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Table 2 Comparison between PET/CT and conventional
imaging modalities of their values in examination of liver
malignancies
Modalities
18F-FDG-PET/CT
Ultrasound
CT
MRI

Specificity
+++
+
++
++

Sensitivity
+++
++
+++
++

Accuracy
+++
+
++

- poor; + fair; ++ good; +++ excellent.

with no or
��� mild
��������������
symptoms
��������� ����
and� ���������������
elevated tumor �������
marker
level������
.�����
PET ���������
also can ��������������������
provide information ������������������
about whether the
detected disease is resectable[84,85].
Flamen et al[86] have
�����������������������������
reported ���������������
the results����
of 18F-FDG�
PET for �������������������
u������������������
nexplained rising CEA
�������
in postoperative
��������������
colorectal cancer� �������������������������
patients�����������������
, showing that a patient-based
��������������
analysis revealed that the sensitivity of 18F-FDG�����
PET
����
in detecting tumor recurrence is 79%, and the positive
predictive value������������������������������
i����������������������������
�����������������������������
s ��������������������������
89%, while a lesion-based ���������
analysis
displayed that the sensitivity of 18F-FDG������������������
�����������������
PET in detecting
tumor recurrence is 7����
5���
%, ��������
and the positive
��������� predictive
�����������
value���������
��������
i�������
s 7����
9%��.� 18 F-FDG����������������
���������������
PET whole-body scan
����� also
�����
provides a��� ������������������������������������
valuable imaging tool for detecting �������������
extrahepatic
metastasis� and
�����������������������
contributes to the management
������������������
of HCC
patients suspected of having extrahepatic metastases[87].�
18
F-FDG��������
PET/CT�
������� ������������������������������������
provides fused images demonstrating
the complementary role of functional and anatomic
assessment in the diagnosis of cancer recurrence through
the precise localization of suspected 18F-FDG �������
uptake
foci and their characterization as malignant or benign[88].
18
F-FDG������������������������������
�����������������������������
PET/CT is better than �������
common ������
CT in ��������
judging
tumor residue of HCC after treatment, and in guiding
further treatment of HCC.

EVALUATION OF PROGNOSIS OF HEPATIC
MALIGNANCIES
At present, d���������������
����������������
espite careful ��������������������������
preoperative staging with�
�����
conventional imaging� �����������
modalities �����������������
and colonoscopy, �����
most
patients with �����������������
colorectal liver �����������
metastases� ����������������
have recurrence
after liver resection. The overall 5-year survival rate is
30%, ranging 12%-41%. ��������������
T�������������
hese results ������������������
have not steadily
improved over time [89,90] . Accordingly, to reduce the
frequency of futile hepatic resections, more effective
staging tools are needed. 18F-FDG� ����
PET ��������
appears ����������
to define
a new cohort of patients in whom tumor grade is a
very important prognostic variable[91]. The current study
focused on the prognostic value of pretreatment metabolic
activity in metastases measured with 18F-FDG������������
�����������
PET, which�
was investigated
������������� as
��� an
���������������������������������������
indicator of survival in colorectal
cancer.
The overall 5-year survival in patients screened with
18
F-FDG������������
�����������
PET before hepatic
����������������������
resection for �����������
metastatic
colorectal cancer is 58.6%���������������������������������
, which is
�������������������������
a substantial improvement in overall survival when compared with the results
from a large number of historical series in which 18F-FDG�
PET was not used[92]. A significant survival benefit has
been shown�
���������
���
in ��������
patients with low 18F-FDG uptake in

Sun L et al . Application of PET/CT in liver cancer

metastases of colorectal cancer [93].� 18F-FDG��������
�������
PET����
���
is
useful not only for the evaluation of malignancy of
hepatocellular carcinoma but also for the prediction of
outcome in patients with hepatocellular carcinoma[94]. The
SUV of 18F-FDG� ������������������
PET in high-grade �����
HCCs ���
is ��������������
significantly
higher than that in low-grade HCCs. The SUV ratio is
related significantly to disease-related death��s� ��������
as well ���
as
other predictive factors, including the number�������
,������
size� and�
����
stage of tumors, and involvement of vessels ��������
as well ���
as�
capsule[95]. ��������������
Evaluation of �������������������������������
examination �������������������
results������������
from these
imaging �����������������������������
modalities�������������������
is illustrated in ������
Table ��
2.

CONCLUSION
F-FDG�����
PET� has
���� advantages
�������������������������������������
over conventional imaging
techniques in ����������
designing ����
and �����������
evaluating ���������������
managements of
hepatic malignan�����������������������������������������
cies ������������������������������������
with biological characteristic������
s�����
for
an optimal
�������� patient
������������������������������������������
outcome���������������������������
. With c�������������������
ombined functional
and anatomical image������������
, ����������
PET/CT ���
is �����
more ����
and ������������
more widely
appli�������������������������������
ed�����������������������������
in clinical practice. It is ���������������
more sensitive�
���������� �������������
and specific�
���������
than PET, with������������������������
a����������������������
lower ���������������
false-positive �������������������
and false-negative�
rate. Multiple
��������� avenues
������������������������
of investigation that can be used to
improve the a�������
��������
bility of
�������
PET ����������������
and PET/CT with
����� 18F-FDG����
���
to
enhance the diagnostic algorithm of
��� hepatic
�������� ��������������
malignanc�����
ies,
which�����������������
can
����������������
benefit the patients
������������������������
suffer���������
ing������
from ��������
hepatic
metastases, HCC� and
���� CC
������
by more�
����� ��������������������
accurate diagnosis,
staging������������
, restaging� and
������������
��������
further �����������������������������
evaluation of their biologic
characteristics�.
18
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Abstract
Survivin is a protein that is highly expressed in a vast
number of malignancies, but is minimally expressed in
normal tissues. It plays a role as an inhibitor of cell death
in cancer cells, thus facilitating the growth of these cells.
In the case of gastric cancer, survivin is over-expressed
in tumor cells and plays a role in the carcinogenesis
process. Several studies on gastric cancer have indicated
that there is a relationship between survivin expression
and the ultimate behavior of the carcinoma. Since the
expression pattern of survivin is selective to cancer cells,
it has been described as an “ideal target” for cancer
therapy. Currently, several pre-clinical and clinical trials
are on-going to investigate the effects of interfering
with survivin function in cancer cells as a biologic
therapy. Survivin is a potentially significant protein in the
diagnosis, prognosis and treatment of gastric tumors.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Carcinomas in the upper gastrointestinal (GI) tract constitute
a major health problem world wide. It is estimated that
approximately 36 830 new cases of upper GI carcinomas
and 25 200 deaths due to upper GI carcinomas occurred
in the United States in 2006[1]. This fact emphasizes the
importance of identifying useful diagnostic and prognostic
www.wjgnet.com

markers in the earliest stage of the disease. As to the treatment of gastric cancer, surgical therapy is the primary treatment, with combination of adjuvant chemotherapy. Most
anticancer drugs in use today were discovered based on the
ability to kill rapidly dividing cancer cells in vitro. Predictably,
when administered to patients, many of these drugs also
injure rapidly dividing normal cells, such as bone-marrow
haematopoietic precursors and gastrointestinal mucosal
epithelial cells. In addition, many of these drugs are toxic
to normal cells that are not rapidly dividing[2]. The need for
effective targeted treatment strategies is evident.
Survivin is an inhibitor of apoptosis protein (IAP)
and is expressed in a large number of malignancies[3]. Its
expression levels correlate with more aggressive disease
and poor clinical outcome. Since its expression is restricted
in normal differentiated tissues, it has become of great
interest as both a tumor diagnostic, prognostic marker and
as a potential biologic target for future anticancer therapies.
Recently the use of survivin has been described in bladder
cancer[4] and other cancers, but not in gastric cancer. For
example, urine testing for survivin has been used as a
diagnostic tool for an early detection of bladder cancer[5].
This review will provide a brief introduction about the
structure of the survivin gene and protein and survivin
expression and function in apoptosis will be discussed. The
significance of survivin in gastric cancer will be discussed
in two sections: the possible diagnostic and prognostic
importance of its expression, and the possibility of modulating survivin function for therapeutic gain. Survivin can
be considered as a potentially significant protein in the
diagnosis, prognosis and treatment of gastric tumor.

BIOLOGY OF SURVIVIN
Structure and function
Survivin belongs to the apoptosis inhibitor gene family[6], in
which the proteins are characterized by a domain of about
70 amino acids, termed baculovirus IAP repeat (BIP), which
is evolutionarily conserved. The human survivin gene,
spanning 14.7 kb on the telomeric position of chromosome
17, contains 4 exons and 3 introns and produces a 16.5-kDa
protein (Figure 1). Unlike other IAPs, survivin is small and
has only a single N-terminal BIR domain, a long C-terminal
alpha-helix coiled region, and forms a stable dimmer in
solution. The BIR domain is thought to be critical for antiapoptotic function, whereas the coiled domain probably
interacts with tubulin structures [7]. The survivin gene
locus encodes multiple genetic splice variants with unique
properties and functions. These isoforms include survivin,
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Figure 1 Survivin: from basic knowledge to clinicl application. A: the structure of surviving gene, mRNA and protein. The survivin gene is composed of exons 1-4, and
produces a 16.5 kDa protein. B; Survivin has a dual function in apoptosis and mitotic progression; C: the proposal of modern gastric cancer diagnostic methodology and
marker panel, with combination of the conventional diagnostic procedure and the new diagnostic methods. The latter was based on the examination of further molecular
markers in less advanced stages of tumor and can be used for super-early diagnosis; D: the targeted therapy based on survivin nowadays.

survivin-2B, survivin-ΔEx-3, survivin-3B, and survivin2alpha. Transcription and translation of these isoforms have
been demonstrated by several groups of investigators[8-10]. In
malignant cells, all of these isoforms are expressed at very
high levels, when compared with normal tissues. Survivin
has a dual function, playing a roll in cell death regulation and
mitotic progression.
Survivin inhibits apoptosis, via its BIR domain, by
either directly or indirectly interfering with the function of
caspase-3 and caspase-7. It also counteracts cell death by
interfering with caspase-9 processing, the upstream inhibitor
in the intrinsic pathway of apoptosis [11]. Preferentially
expressed at mitosis in a cell cycle-dependent manner and
physically associated with the mitotic apparatus, survivin
is essential for proper completion of various stages of cell
division, from centrosomal functions to proper kinetochore
attachment to spindle formation, potentially via regulation
of microtubule dynamics (Figure 1).
Expression characteristics
The expression of survivin is tissue specific and cell cycle
specific. During human development, survivin is expressed
in fetal lung, heart, liver, kidney, gastrointestinal tract and
in other fetal tissues where apoptosis occurs, such as the
stem cell layer of stratified epithelia, endocrine pancreas
and thymic medulla. Survivin was strongly expressed in the
most common solid tumors of adults, including those of
the lung, breast, colon, brain, stomach, esophagus, pancreas,
liver, prostate, uterus, and ovaries, but it was not found in

normal, adult tissues[12]. These findings suggest that the cell
division and anti-apoptosis functions of survivin could be
important not only during early development but also during
cancer progression. In actively proliferating cells, survivin
expression is cell cycle regulated, being virtually undetectable
in G1 and S phases, with a peak level in G2/M[13].

SURVIVIN EXPRESSION AND DIAGNOSIS
IN GASTRIC CANCER
Approximately 50% of patients have gastric carcinoma that
extends beyond the locoregional confines at diagnosis. In
addition, approximately 50% of patients with locoregional
gastric carcinoma cannot undergo a curative resection
(R0). About 70% to 80% of resected gastric carcinoma
specimens have metastases in the regional lymph nodes[1].
Based on these facts, gastric carcinoma is often diagnosed
at an advanced stage, and continues to pose a major
challenge for healthcare professionals. Now, with the
development of expression microarray technology, a
large number of genes and molecules have been studied
regarding the relationship between the development,
progression, and metastasis of gastric cancer [14]. These
genes include oncogenes, tumor suppressor genes, genes
controlling apoptosis (e.g., survivin), cell cycle control
genes, DNA synthesis genes, cell division genes, and
genes for transcription and translation factors. They offer
opportunities not only for early cancer diagnosis but for
molecular-based, histological, exact diagnosis of tumors.
www.wjgnet.com
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Figure 1 shows a proposal for modern gastric cancer.
Development of gastric cancer, like many other malignancies, is a multi-step process involving the accumulation
of mutations and changes in cell cycle regulatory mechanisms. The detection of these alterations in the early stage
of cancer development may shed new light on the gastric
carcinogenesis process. In the gastrointestinal tract, there are
indications that activation of survivin may be required for
carcinogenesis. Yu et al[15] showed that survivin expression is
frequently (68%) present in gastric cancer tissues and is also
present, albeit at lower frequency (27%), in gastric mucosa
of first-degree relatives. Survivin expression was also found
in 22% of the non-cancerous tissues adjacent to gastric
cancer tissues, but was not detectable in all of the normal,
non-adjacent gastric mucosal tissues. Survivin expression is
found in cancerous tissue, as well as in normal adult tissues
that are predisposed to malignancy, indicating that survivin
function may be required for carcinogenesis itself.
As we have already mentioned, survivin shows significant differential expression between malignant and normal
adult cells, with very low to absent levels in normal adult
tissue but increased levels in a wide variety of tumors.
Therefore, the detection of survivin in body fluids could
serve as a diagnostic marker that allows the early detection
of malignancy. Such a study was firstly performed by Smith
et al[5]. They measured survivin protein in urine samples
from patients with bladder cancer and controls. Using a
novel detection method for survivin, urine samples were
filtered onto nitrocellulose membranes and probed with an
anti-survivin antibody. Its presence in urine has been used
to diagnose bladder cancer and to differentiate neoplastic
lesions from inflammatory conditions with a sensitivity
of 100% and specificity of 95%. This result suggests
that survivin can be measured in samples easily obtained
from patients and can be used to screen for the presence
of malignancy. Furthermore, the result suggests that
survivin expression can identify the lesions at highest risk
for malignant transformation and invasion. As to gastric
cancer, Wang et al[16] studied the expression of survivin in
the peritoneal lavage fluid from 48 patients with gastric
carcinoma using RT-PCR. They found survivin expression
in the peritoneal cavity significantly correlated with depth
of cancer invasion, lymph node metastasis, and TNM
stage. Ninety two percent of clinically evident peritoneal
metastasis cases showed detectable survivin expression. This
result suggests that survivin can serve as a molecular marker
for detecting peritoneal micrometastasis. Its ubiquitous
expression in peritoneal cancer cells and metastatic nodules
also suggests a promising future therapeutic strategy based
on survivin inhibition for cases of gastric cancer involving
peritoneal metastasis. This application, however, has not
been tested in clinical trial.

SURVIVIN EXPRESSION AND PROGNOSIS
IN GASTRIC CANCER
The outcome of gastric cancer depends on the initial stage
of the cancer at diagnosis. Surgical therapy is the standard
treatment for gastric carcinoma, and patients who can
undergo a curative resection of the tumor may have a
www.wjgnet.com

May 28, 2007

Volume 13

Number 20

better outcome. However, even with surgery, recurrence
rates range from 30%-60% depending on the pathologic
stage, and five-year survival rate is only 20%. With the
emergence of partially effective but potentially toxic
(neo-) adjuvant chemotherapy, it has become increasingly
important to discover biomarkers that will identify those
patients who have the highest likelihood of recurrence and
who might benefit most from adjuvant chemotherapy.
Numerous papers have appeared over the past several
decades proposing a variety of molecular markers or
proteins that may have prognostic significance in gastric
cancer. Although no single marker has yet been shown to
be perfect in predicting patient outcome, a profile based
on survivin may be helpful in directing patient therapy[17-19].
The prognostic importance of survivin expression at
both the level of the message and protein has been
demonstrated in multiple studies (Table 1). Clinical studies
correlating survivin expression with disease aggression
in adult cancer have shown that survivin is a reliable
marker of unfavorable disease and decreased survival.
High survivin expression by neoplasms correlates with
more aggressive behavior and invasive clinical phenotype,
decreased response to chemotherapeutic agents, increased
rates of relapse and shortened survival times. For example,
in a study of 106 patients with gastric tumors, survivin
mRNA expression in the tumor was associated with
tumor size, depth of invasion, lymph node metastasis,
tumor stage and decreased overall survival[30]. In addition
to its level of expression, the localization of survivin
may also be prognostically important. In a study of 84
patients with esophageal carcinoma, increased nuclear
sur vivin expression correlated with reduced overall
survival (estimated mean survival of 28 mo for patients
with nuclear survivin versus 108 mo for patients with no
nuclear survivin), but cytoplasmic levels of survivin were
not predictive of outcome[31]. This discrepancy between
nuclear and cytoplasmic survivin highlights the different
anti-apoptotic functions of survivin and suggests that the
role of survivin as a cell cycle regulator may be a more
important determinant of patient outcome than its role
as a caspase inhibitor. This phenomenon has not been
detected in gastric cancer, and needs further investigation.
High expression of survivin also revealed a decreased
responsiveness to chemotherapeutic agents. Gastric
carcinoma is one of the most intractable cancers and is
known for resistance to various chemotherapeutic agents.
Although cisplatin demonstrated better clinical efficacy
against gastric cancer than other anti-neoplastic drugs,
the overall response rate to CDDP-based treatment was
only 33%. The mechanism of CDDP includes inducing
apoptosis via caspase-3 activation, and therefore, survivin
may mediate the dr ug resistance. Nakamura et al [32]
transfected wild-type and dominant-negative mutants
of the survivin gene into gastric cancer cells using a
lipofection method. Overexpression of survivin protected
MKN45 cells from CDDP-induced apoptosis. Expression
of the dominant-negative mutant of the survivin gene
sensitized NUGC-3 cells to drug-induced apoptosis. These
results indicate that survivin may be central for exhibition
of not only intrinsic resistance, but also acquired resistance
to CDDP, and could be a predictive marker for response
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Table 1 Expression of survivin in gastric cancer in association with cancer progression and malignancy
Author /Year
Number of patients
LUCD /1998
174
Okada E /2001
133
Krieg A /2002
30
Yu J /2002
50
Tsuburaya A /2002
25
Wakana Y /2002
42
Miyachi /2003
107
Yao XQ /2004
120

Diagnostic technique Survivin expression
IHC
60 (34.5%)
IHC
60 (82.0%)
RT-PCR
30 (100.0%)
RT-PCR/IHC
34 (68.0%)
RT-PCR
16 (64.0%)
RT-PCR/IHC
—
RT-PCR
105 (98.1%)
IHC
59 (49.2%)

Wang ZN /2004

48

RT-PCR

32 (66.7%)

Meng H /2005

77

RT-PCR

77 (100.0%)

Sun YS /2006

96

IHC

55 (57.2%)

Lee GH /2006

106

IHC

53 (50.0%)

Correlation with (P value)
References
Apoptotic index (< 0.001)
20
—
21
Tumor stage (0.033)
22
Apoptotic index (0.02), Cox-2 overexpression (0.001)
15
Depth of tumor (< 0.05) peritoneal metastasis (< 0.05)
23
Apoptotic index (< 0.05), histological type (< 0.001)
24
Lymph node metastasis (< 0.01)
25
Histological subtypes, lymph node metastasis apoptotic
26
index (< 0.05)
Depth of cancer invasion, peritoneal lavage fluid, lymph
16
node metastasis, TNM stage (< 0.05)
Survival rate (< 0.01)
27
Docetaxel-resistance (< 0.05)
28
Serosal infiltration, lymphatic invasion, regional lymph
29
node metastasis, TNM stage, distant metastasis, survival
rate (< 0.05), VEGF-C (< 0.001)
Tumor size (0.011), tumor stage (0.002), depth of invasion
30
(0.004), poor survival (0.046), lymph node metastasis (0.020)

IHC: Immunohistochemistry; RT-PCR: Reverse transcriptase PCR.

to CDDP-based treatment. Given these compelling
data, survivin should be considered as a potentially key
biological marker in gastric cancer. In addition, with the
emergence of survivin-targeted therapies that are known
to be effective in pre-clinical trials, survivin could be
used as a marker to identify patients that might be good
candidates for therapies. The prognostic importance
of survivin in gastric tumor has been demonstrated repeatedly, but the challenge remains how to incorporate
these molecular markers into clinical algorithms. Perhaps
patients with elevated survivin could be offered more
intensive or novel therapies at diagnosis. However, such
investigational approaches need to be done in a properly
controlled trial.

TARGETED THERAPY
Because survivin is preferentially expressed in malignant
cells and is prognostically important, it acts as an attractive
therapeutic target. Efforts are under way to develop
surviving inhibitors for clinical use with the dual aim
to inhibit tumor growth through an increase in spontaneous apoptosis and to enhance tumor cell response to
apoptosis-inducing agents[12]. Different kinds of survivin
molecular antagonists, including antisense oligonucleotides,
ribozymes, small interfering RNAs (siRNAs), as well as
cancer vaccines, have been used (Figure 1).
Antisense Oligonucleotides
One therapeutic strategy to inhibit survivin uses antisense
oligonucleotides (ASONDs) to decrease the target survivin
mRNA and subsequently decrease the protein. ASONDs
inhibit survivin by forming duplexes with intracellular
native mRNA. The duplexes disrupt ribosome assembly
and inhibit protein translation. More importantly, the
mRNA-ASONDs complex recruits RNase H enzymes
that cleave the native mRNA strand while leaving the
ASOND intact. The ASOND is then released back into

the cytosol, where it is capable of inhibiting additional
native mRNA. ASONDs have been actively developed
against survivin in gastric cancer. The efficacy of survivin
ASONDs has been demonstrated both in vitro and in vivo.
In vitro, several ASONDs that target different regions of
survivin were designed[33], and one of them (ASOND3)
caused a statistically significant loss of survivin mRNA,
reduction of cell viability to 60.6% and inhibition of cell
growth. The protein level was significantly decreased 48
h after survivin ASODN transfection compared with
untreated controls. This result shows survivin antisense
molecules directly induce apoptosis in gastric cancer cell
lines overexpressing survivin. In vivo, antisense survivin
oligonucleotides, administered by transfecting tumor
cells with plasmids encoding survivin antisense before
tumor implantation, reduced tumor growth in xenograft
models of gastric carcinoma[34]. Clinical grade antisense
surviving oligonucleotides (LY2181308) are currently
under development by Isis Pharmaceuticals and Lily
Pharmaceuticals in the United Kingdom as a single agent
in patients with refractory malignancies. In preclinical
studies, LY2181308 demonstrated activity in multiple
in vivo models of cancer. In November 2004 [35] , Lilly
initiated phase 1 clinical trials in cancer patients. Given
the current developmental status of survivin, antisense
oligonucleotides against survivin will likely be used in
clinical practice before chemical inhibitors. Furthermore, a
synergistic effect was noted when tumor cells were treated
with ASOND and the chemotherapeutic agent. Targeting
of the survivin pathway in cancer, alone or in conjunction
with chemo-therapeutic agents, has potential as a novel
therapeutic regimen.
Survivin ribozyme approach
As an alternative strategy for survivin inhibition, ribozymes
directed against different portions of survivin mRNA
were developed. Ribozymes are small RNA molecules that
possess specific endonucleolytic activity and catalyse the
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hydrolysis of specific phosphodiester bonds[36], resulting
in the cleavage of the RNA target sequences. In particular,
the hammerhead ribozyme consists of a highly conserved
catalytic core, which cleaves substrate RNA at NHH
triplets 3’ to the second H, where N is any nucleotide and
H is any nucleotide but guanidine. Pennati et al[37] have
done several studies in this area. They found ribozymemediated inhibition of survivin expression increases
spontaneous and drug-induced apoptosis and decreases the
tumorigenic potential of human prostate cancer cells, and
it also causes chemosensitization and radiosensitization
of human melanoma cells[38,39]. This may be an effective
alternative tool for research purposes but appears to be
unsuitable for clinical treatment of cancer.
Survivin RNA interference approach
Recently, studies suggest that RNA interference (RNAi)
technology is a powerful approach to silence mammalian gene expression for gene function studies [40]. Two
approaches can effectively inhibit expression of the targeted genes in mammalian cells without activation of the
nonspecific interferon response. These approaches are the
in vitro synthesized 21-25 nucleotide (nt) double-stranded
RNAs (small inhibitory RNA, siRNA) or the 21-29 nt short
hairpin double-stranded RNAs (shRNA). Several studies
on experimental human tumor models have demonstrated
the feasibility of this technology for the inhibition of
cancer-related genes including survivin [41-43]. Carvalho
et al[44] first used RNA interference to specifically repress
survivin in HeLa cells. These authors showed that survivin
was no longer detectable in cultures 60 h after transfection
with specific siRNA and that survivin-depleted cells were
delayed in mitosis and accumulated in prometaphase with
misaligned chromosomes. Moreover, siRNA-mediated
survivin knock down caused radio-sensitization, which
was paralleled by an increased activity of caspase-3 and
caspase-7, in wt-p53 but not in mutant-p53 sarcoma cells[45].
It is widely accepted that RNAi provides a powerful tool
for targeted inhibition of gene expression, with respect to
conventional antisense strategies presumably, because it
relies on a natural process. Ribozymes as well as siRNAs can
lead to nonsequence specific effects (off-target effects) that
are strongly dependent on the concentration of oligomers.
Until recently, there were no studies focused on gastric
tumor cells and further research is needed in this field.
Survivin-derived cancer immunotherapy
Immunotherapy also appears to be a plausible approach
for treating survivin-positive tumors. Current research
suggests that tumors of different origin appear to be
able to present the same set of survivin-derived peptide
epitopes. CD8+ T cells and monocyte-derived DCs can
home to the primary solid tumor site, which provides
the feasibility for cancer cells to act as survivin-antigen
presenting cells to prime CD8+ T cells. Metastatic tumor
cells can act as survivin antigen presenting cells to mature
CD8+ T cells in the immune system (lymph node) into
CTL, and these can be released into the circulation system
and home to the primary tumor site [46,47].Spontaneous
cytotoxic T lymphocyte response to survivin, in a major
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histocompatibility complex classⅠrestricted manner,
has been detected in patients with chronic lymphocytic
leukemia, melanoma, and breast cancer. In addition,
in vitro cytolytic T-cell induction against a survivin epitope
results in cytolytic activity against a wide variety of human
tumors, including gastric cancer[48]. Hence, survivin appears
to be a universal tumor antigen and immunotherapy is a
conceivable approach to treating survivin-positive tumors.
Survivin-directed immunotherapy has been quickly moved
to the clinic, and several phaseⅠ trials with administration
of survivin peptides or survivin-directed autologous
CTL generated ex vivo have been recently completed.
In a phase study [49], an HLA-A24-restricted antigenic
peptide, Survivin-2B80-88, which is recognized by CD8+
cytotoxic T-lymphocytes, was used to vaccinate patients
with recurrent colorectal cancer. Results showed a decrease
in expression of tumor markers in 40% of patients and
a reduction in tumor size in one of fifteen patients. An
open phaseⅠ/Ⅱ cancer vaccine study is evaluating the
toxicity and efficacy of HLA-A1, -A2, and -B35 restricted
survivin epitopes in patients with tumors other than
gastric cancer [50]. When used as an oral DNA vaccine,
the survivin-directed immune response affected both
tumor cells and tumor-associated angiogenesis, eradicating
pulmonary metastases without toxicity in preclinical
studies[51]. Survivin-based vaccination was found to be safe,
devoid of significant side effects, and frequently associated
with antigen-specific immunologic responses.
Others therapies
There are many other anti-survivin therapies, for example,
the dominant negative (DN) mutant approach and
approaches using small organic compounds or other
small antagonists such as small peptides. As to dominant
negative mutant, plasmid constructs expressing survivin
antisense and DN mutant replacing the cysteine residue
at amino acid 84 with alanine (Cys84Ala) were prepared
and introduced into BCG-823 and MKN-45 gastric
cancer cells [52], with a result of decreased cell growth
and increased rate of apoptosis and mitotic catastrophe.
This result was found also in nude mice xenografts. This
approach is a good tool for research on demonstrating
the principles of the sur vivin pathway, but it is not
suitable for direct cancer therapy. While use of small
antagonists will be a very exciting area of research in the
coming years, it also appears to be the most practical way
towards suitable approaches for clinical application. The
potential small chemical molecules include those that
either transcriptionally or post-transcriptionally inhibit
survivin expression or abrogate survivin function, such as
disruption of survivin-caspase interactions. For example,
tetra-O-methyl nordihydroguaiaretic acid was shown to
function by directly suppressing Sp1-dependent surviving
gene expression, resulting in activation of mitochondrial
apoptosis in tumor cells [53] . These phaseⅠ trials with
small-molecule inhibitors that directly target survivin
are approaching completion. Several small-molecule
antagonists indirectly affect survivin levels include cyclindependent kinase inhibitors[54], antagonists of STAT3[55],
T-cell factor[56], Hsp90[57], and ErbB2[58]. These compounds
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reduce survivin levels by different mechanisms. Molecules
that target survivin will initially be used as single agents or
in combination with low-dose chemotherapy in patients
with relapsed or refractory disease. As more experience
is gained, these targeted therapies will be used upfront in
the treatment of disease in combination with standard
chemotherapy. In the future, when more small molecules
that modulate the apoptosis cascade are developed, they
will be used together to simultaneously target different
molecular defects.
In summary, survivin is a potent caspase inhibitor, but it
also inhibits cell death by modulating cell cycle progression,
cell division, and signal transduction pathways. The vast
difference in expression patterns of survivin between
normal tissues and cancer cells has identified survivin as an
exciting molecule to consider in the study of the underlying
biology of tumorigenesis and to provide a platform to
design molecules that can specifically target and eliminate
cancer cells[11]. Despite its relatively recent discovery in
1997, survivin has attracted considerable interest from
several viewpoints in the biochemical sciences. Our basic
understanding of the structure and function of survivin is
now being translated into clinical practice. Survivin-positive
neoplasms are often more aggressive and less responsive to
chemotherapeutic agents making survivin an independent
negative prognostic parameter in gastric tumors. Survivin
is also a potential therapeutic target for development of
new anti-cancer therapies. However, mechanisms by which
survivin suppresses apoptosis are still under considerable
debate, and it is not yet known how survivin is upregulated
in neoplastic cells. The challenge in all of these studies will
be to prove that survivin based therapies are both efficacious
and are, indeed, less toxic for normal human proliferating
cells than standard therapies.
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Abstract
AIM: To investigate the association between the
configurational and compositional changes of nuclear
matrix and the differentiation of carcinoma cells.
-3

METHODS: Cells cultured with or without 5 × 10
mmol/L of hexamethylene bisacetamide (HMBA) on
Nickel grids were treated by selective extraction and
prepared for whole mount observation under electron
m i c ro s c o p y. T h e s a m p l e s w e re e x a m i n e d u n d e r
transmission electron microscope. Nuclear matrix
proteins were selectively extracted and subjected to
subcellular proteomics study. The protein expression
patterns were analyzed by PDQuest software. Spots of
differentially expressed nuclear matrix proteins were
excised and subjected to in situ digestion with trypsin.
The peptides were analyzed by matrix-assisted laserdesorption/ionization time of flight mass spectrometry
(MALDI-TOF-MS). Data were submitted for database
searching using Mascot tool (www.matrixscience.com).
RESULTS: The nuclear matrix (NM) and intermediate
filament (IF) in SMMC-7721 hepatocarcinoma cells
were found relatively sparse and arranged irregularly.
The nuclear lamina was non-uniform, and two kinds of
filaments were not tightly connected. After induction
for differentiation by HMBA, the NM-IF filaments
were concentrated and distributed uniformly. The
heterogeneous population of filaments, including highly
branched utrathin filaments could also be seen in the
regular meshwork. The connection between the two
kinds of filaments and the relatively thin, condensed and

sharply demarcated lamina composed of intermediatesized filaments was relatively fastened. Meanwhile, 21
NM proteins changed remarkably during SMMC-7721
cell differentiation. Four proteins, i.e. mutant Pyst1,
hypothetical protein, nucleophosmin1, and LBP were
downregulated, whereas four other proteins, eIF6, p44
subunit, β-tubulin, and SIN3B were upregulated with
the last one, SR2/ASF found only in the differentiated
SMMC-7721 cells.
CONCLUSION: The induced differentiation of SMMC-7721
cells by HMBA is accompanied by the configurational
changes of nuclear matrix-intermediate filament (NM-IF)
system and the compositional changes of nuclear matrix
protein expression. These changes may be important
morphological or functional indications of the cancer cell
reversion.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The nuclear matrix not only plays an important role in
the process of DNA replication, hRNA processing and
steroid hormone action, but also has direct effect on
cell division and proliferation through constructing the
architecture of higher order chromatin [1-3]. Moreover,
it is often the important binding site of expression and
regulation of oncogenes [4,5]. Previous researches have
proved that the ultrastructural change of cytoskeleton
and nuclear matrix was closely related to cell proliferation
and differentiation [6] . The nuclear matrix or nuclear
matrix associatied proteins have strong effects on the
regulation of signal transduction, mRNA modification
www.wjgnet.com
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or translation, and more important, on the expression of
oncogenes or tumor suppressor genes such as rb, p21, p53,
which is extremely significant in the cell cycle processing
and cell differentiation[7-11]. The nuclear matrix in cancer
cells is not only abnor mal in morpholog y, but also
apparently different in its composition[12]. Our early studies
showed distinct changes of the morphology or protein
composition of nuclear matrix during differentiation of
several cell lines treated with different reagents[13,14]. It is
implied that those differentially expressed nuclear matrix
proteins not only have direct association with regulators of
cell cycle and signal transduction, but also are important
during the cancerization and its reversion of the cell. Based
on our former research of the effect on differentiation
of SMMC-7721 cells with HMBA inducement [15] , we
studied the features and protein alternations of the
nuclear matrix-intermediate filament (NM-IF) system in
human hepatocarcinoma cell line SMMC-7721 during its
differentiation induced by hexamethylamine bisacetamide
(HMBA). It is helpful for further exploration and
illustrating the relationship between the nuclear matrix and
the cancerization and malignant phenotypic reversion of
cancer cells.

MATERIALS AND METHODS
Materials
HMBA (Sigma Chemical Company) was used to induce
the differentiation of SMMC-7721 cells. Sequence grade,
modified trypsin (Promega) and iodoacetamide (Sigma)
were used in the in-gel digestion. ReadyStrip IPG strips
(pH 3-10, 11 cm) and IPG buffer pH 3-10 were obtained
from Amersham Biosciences. Other reagents used in 2-D
gel electrophoresis and Coomassie blue R250 were from
Shanghai Sangon Biological Engineering Technology and
Service Co., Ltd.
Cell culture and experimental treatment
SMMC-7721 human hepatocarcinoma cells were cultured
at 37℃ in RPMI-1640 medium (pH 7.2) supplemented
with 10% newborn calf serum, 100 U/mL penicillin, 100
U/mL streptomycin and 50 μg/mL kanamycin. Cells of
experimental group were cultured at the same medium
added with 5 × 10-3 mol/L HMBA (Sigma). SMMC-7721
cells and the treated cells were seeded in small culture
flasks with cover slip strips on which some nickel grids
were covered with formvar and carbon film was sticked
with polylysine, and grown in the normal medium and the
medium containing 5 × 10-3 mol/L HMBA respectively.
Fresh culture media were added to the cells every 48 h, and
cells were harvested at subconfluency. The obtained cells
were then stored at -80℃.
Cell selective extraction
The cells were selectively extracted as described in our
previous article[13]. Cover slip strips were removed from
the culture medium and rinsed in phosphate-buffered
saline at 4℃. Then they were placed in high ionic strength
extraction medium [10 mmol/L PIPES (pH 6.8), 250
mmol/L (NH 4) 2SO 4, 300 mmol/L sucrose, 3 mmol/L
www.wjgnet.com
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MgCl 2, 1.2 mmol/L PMSF, 0.5% Triton X-100; CSKAS] 4℃ for 3 min. The extracted cells were rinsed briefly
in digestion medium [10 mmol/L PIPES (pH 6.8), 50
mmol/L NaCl, 300 mmol/L sucrose, 3 mmol/L MgCl2,
1.2 mmol/L PMSF, 0.5% Triton X-100] without enzymes.
Grids with anchored skeletons were placed in the digestion
medium and appropriate enzymes (400 mg/L DNase I
and 400 mg/L RNase A) and were incubated for 20 min
at 23℃. The grids were then placed in high ionic strength
extraction medium CSK-AS for 5 min at 23℃. Thus,
only the nuclear matrix-intermediate filament structure
remained intact.
Sample preparation for whole mount electron microscopy
The NM-IF samples on the grids after the selective
extraction were prefixed in 2% glutaraldehyde at 4℃
for 30 min, followed by 1% OsO4 in 0.1 mol/L sodium
cacodylate (pH 7.2) for 5 min at 4℃. The cells, still
attached to grids, were dehydrated in ethanol, dried
through the CO2 critical point and examined under a JEM100CXII/S transmission electron microscopy.
Purification of nuclear matrix proteins
The SMMC-7721 cells were washed with PBS and
extracted with cytoskeleton buffer (CSK100) (10 mmol/L
PIPES pH 6.8, 300 mmol/L sucrose, 100 mmol/L NaCl,
4 mmol/L CaCl2, 1.0 mmol/L PMSF, 0.5% Triton X-100)
at 0℃ for 10 min, and subjected to centrifugation for 5
min at 400 r/min. The deposition was washed twice with
CSK50 (10 mmol/L PIPES pH 6.8, 300 mmol/L sucrose,
50 mmol/L NaCl, 4 mmol/L CaCl2, 1.0 mmol/L PMSF,
0.5% Triton X-100) and digested for 30 min at 25℃ in
the same buffer containing 300 U/mL DNase I. One
mole per liter ammonium sulfate was added dropwise to
a final concentration of 0.25 mmol/L. After incubation
for 15 min, the nuclear matrix proteins were pelleted by
centrifugation at 1000 r/min for 5 min, and washed once
with the CSK50 buffer, then stored at -80℃. Protein
concentrations were deter mined by the method of
Bradford.
Two-dimensional gel electrophoresis
To solubilize nuclear matrix proteins, the pellet of
purified nuclei was resuspended in 2-D buffer containing
7 mol/L urea, 2 mol/L thiourea, 4% CHAPS, 50 mmol/L
DTT and ultrasonicated for 2 min. The supernatant was
centrifuged for 30 min at 16 000 × g at 4℃. IEF was
performed in ReadyStrip IPG strips. ReadyStrip IPG strips
were rehydrated overnight in a reswelling tray with 2-D
buffer containing 0.5% IPG buffer pH 3-10 and nuclear
matrix proteins in a final volume of 250 μL (200 μg).
IEF was carried out on a Protean IEF cell (Investigator)
at 19℃ with a maximum current setting of 80 mA/strip.
Focusing was performed for a total of 70 000 V × h.
Before carrying out the second dimensional SDS-PAGE,
the strips were equilibrated in an equilibration buffer
consisting of 20% glycerol, 2% SDS, 65 mmol/L TrisHCl, pH 6.8 and 20 mmol/L DTT for 10 min at room
temperature, then transferred into the second equilibration
buffer containing 20% glycerol, 2% SDS, 65 mmol/L Tris-
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HCl, pH 6.8 and 2.5% iodoacetamide. The strips were
transferred onto 1-mm thick SDS-PAGE gels and sealed
in place with 1% agarose. SDS-PAGE was performed
on a 12.5% acrylamide/bisacrylamide gel at 50 V for 30
min followed by 170 V for 8 h. The gels were run in the
following electrode buffer: 25 mmol/L Tris, 192 mmol/L
glycine, 0.1% SDS. SDS-PAGE standards were used for
gel calibration.
Silver staining
The gel was fixed (50% methanol and 10% glacial
acetic acid) for more than 40 min, sensitized (70 mL of
methanol, 10 mL of 10% Sodium thiosulfate, 17 g of
NaAC, bringing up to 250 mL with dH2O) for 30 min
and rinsed in dH2O 3 times for 5 min each. The gel was
stained in stain solution (25 mL of 5% AgNO3, 0.1 mL
of formaldehyde, then increasing to 250 mL with dH2O)
for 30 min rinsed in dH2O 3 times 1 min each and placed
in developer (250 mL of dH2O, 6.25g Na2CO3, 50 μL of
formaldehyde) until spots were almost as dark as desired.
Development was stopped (3.75 g EDTA in 250 mL
dH 2O) and scanned using Magicscan. 2-DE maps of
nuclear matrix proteins were subjected to analysis with
PDQuest (Bio Rad) software.
In-gel trypsin digestion of proteins
Silver-stained spots were excised and washed with 50 mL
fresh bleaching liquid (100 mmol/L Na2S2O3: 30 mmol/L
K 3Fe (CN) 6 = 1:1). Gel spots were dried in a vacuum
centrifuge and reswelled in 50 mL of solution containing
10 mol/L DTT/100 mol/L NH 4HCO 3 and incubated
at 57℃ for 1 h. This solution was subsequently replaced
with 50 mL of solution containing 55 mol/L IAA,
100 mol/L NH4HCO3 and incubated at room temperature
for 30 min. The gel spots were dried again and digested
with TPCK-tr ypsin at 37℃ over night. After the
incubation, the liquid was removed from the gel piece
and the liquid was transferred to a new-labeled tube. This
solution contains the extracted tryptic peptides.
MALDI-TOF-MS analysis of tryptic peptide
For MALDI-TOF-MS analysis, samples were dissolved in
2 μL 0.1% TFA. Mass measurements were carried out on a
Brucker ULTRAFLEXTM TOF/TOF mass spectrometer.
This instrument was used at a maximum accelerating
potential of 20 kV (in positive mode) and was operated
in reflector mode. And 0.5 μL of saturated solution of
α -cyano-4-hydroxy cinnamic acid in 0.1% TFA/30%
acetonitrile was mixed with 0.5 μL sample solution, and
added to the target. Internal calibration was performed
with tryptic peptides coming from autodigestion of trypsin
(monoisotopic masses at m/z 842.51, and m/z 2 211.10).
Monoisotopic peptide masses were assigned and used for
database search.
Database searching and identification of proteins
Peptide mass fingerprints obtained by the MALDITOF-MS were used to search nonredundant protein
sequence database using Mascot software from Matrix
Science. Search parameters included a maximum allowed
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peptide mass error of 100 ppm with consideration of one
incomplete cleavage per peptide. Accepted modifications
included carbamidomethylation of cysteine residues (from
iodoacetamide exposure) and methionine oxidation, a
common modification occurring during SDS-PAGE.
The criteria for positive identification of proteins were
set as follows: (1) Statistical significance (P < 0.05) of the
match when tested by Mascot; (2) The matched peptides
covered at least 17% of the whole protein sequence; (3)
Concordance (± 15%) with the molecular weight and pI
of the parent 2-D PAGE protein spot; and (4) Protein
identifications not fulfilling criterion 2 were still assigned,
if criteria 1 and 3 were fulfilled and no other homosapiens proteins with peptide mass-matched. P < 0.05 was
identified by Mascot and identified protein wasinferred.

RESULTS
Effect of HMBA on configurational changes of NM-IF
system under transmission electron microscopy
Selective extraction technique revealed cytoplasmic and
nuclear meshworks in SMMC-7721 cells. The nuclear
matrix was mainly composed of thick filaments. The
peripheral region of the nucleus was demarcated by the
wide band of densely packed filaments. This structure,
representing nuclear lamina, was attached to the surrounding intermediate filaments (IF) of cytoskeleton. The
nuclear matrix filaments in SMMC-7721 cells were
relatively few and scattered, not well distributed and
arranged irregularly within the nucleus region, and there
were few single filaments while most of the nuclear
matrix filaments were quite thick in bundle-like form and
interweaved into an irregular meshwork (Figure 1A). The
nuclear lamina was composed of densely packed fibrils,
and it was ununiformly thick and compact. The inner
nuclear lamina was connected with some thick nuclear
matrix filament bundles or thin and short filaments.
The intermediate filaments which terminated on the out
nuclear lamina were few, always in thick bundles or in striprope-like structure, and arranged irregularly, too (Figure 1C
and 1E). Nevertheless, in the SMMC-7721 cells induced
by HMBA, the nuclear matrix filaments were abundant
and well-distributed, different in slender and thick form
in the nucleus region. The single filaments increased, and
interweaved into a regular network (Figure 1B). The wide
nuclear lamina turned into a thin and compact fibroid
structure, the inner nuclear lamina was connected closely
with the nuclear matrix filaments, and many long and
slender intermediate filament bundles were terminated
directly on the outer nuclear lamina. Both the nuclear
matrix filaments and the intermediate filaments connected
to the nuclear lamina increased and appeared quite dense.
Moreover, the intermediate filaments in the treated cells
were abundant and well-distributed in the cytoplasmic
region (Figure 1D and 1F).
2-D gel map and image analysis
Samples of nuclear matrix proteins extracted from
SMMC-7721 cells treated with or without 5 mmol/L
HMBA were subjected to 2-D gel electrophoresis for at
www.wjgnet.com
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Figure 3 Enlarged maps of changed nuclear matrix proteins from SMMC-7721
cells.
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Figure 1 A: TEM observation of nuclear matrix filaments in SMMC-7721 cells;
B: TEM observation of nuclear matrix filaments in SMMC-7721 cells treated
with HMBA; C: TEM observation of intermediate filaments in SMMC-7721 cells;
D: TEM observation of intermediate filaments in SMMC-7721 cells treated with
HMBA; E: TEM observation of NM-IF system in SMMC-7721 cells. L: lamina; NM:
Nuclear matrix; IF: intermediate filament; F: TEM observation of NM-IF system in
SMMC-7721 cells treated with HMBA. Bar = 0.2 μm.
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Figure 2 2-D PAGE gels of nuclear matrix proteins from SMMC-7721 cells, silver
stained.

least three repeats per experimental condition. Analysis
of proteins was based on evaluation of at least two gels.
Twenty-one protein spots were changed remarkably,
whereas most of the spots were similar to the control in
the expression patterns of nuclear matrix proteins from
differentiated SMMC-7721 cell. Among the changed
www.wjgnet.com

No. 12 No. 16 No. 18 No. 21 No. 14 No. 5 No. 7 No. 19 No. 20
Changed protein spots

spots, 8 spots (C4, C5, C7, C9, C11, C13, C19, C20) were
downregulated, one spot disappeared in the differentiated
SMMC-7721 cells, whereas 11 spots (C1, C2, C6, C8, C10,
C12, C15, C16, C17, C18, C21, C3) were upregulated,
and 1 spot (C14) emerged as a new protein spot in the
differentiated cells (Figures 2 and 3). Relative expression
levels of the changed proteins were shown using Melanie
software (Figure 4), relative volume (% vol) of spot was
employed to make data independent of uninteresting
variation between gels, such as differences in protein
loading or staining.
MALDI-TOF-MS analysis and protein identification
These 22 protein spots were cut out from the gels and
analyzed with MALDI-TOF-MS. Peptide mass fingerprint
(PMF) of each protein spot was then generated (data not
shown). By searching the Mascot database, we identified
9 proteins combined with the searching results. The
characteristics of the protein, the number and intensity of
peptide matching peak, the sequence coverage of matching
peptide, the theoretical and approximate values of Mr and
pI, the identified protein names, accession numbers, the
sequence coverages, and the theoretical Mr and pI values
for each protein spot are listed in Table 1.

DISCUSSION
The abnormality of NM-IF system is closely associated
with the canceration of cells. Previous studies showed
that the nuclear matrix in cancer cells had some distinctive
irregular morphology which differed from those of

Tang J� et al . Nuclear matrix of human hepatocarcinoma cells

2795

Table 1 Proteins identified by MALDI-TOF-MS
Spot No.

NCBInr entry Protein name

Up-regulated
No. 12

gi13785574

p27BBP protein/eIF6

26 845/4.56

27

No. 16

gi88983724

Similar to TFIIH

36 539/6.79

23

gi14043898
gi27368062
gi13477279

Basal transcription factor
complex p44 subunit
Tubulin, beta 2C
Class Ⅳb beta tubulin
SIN3B protein

50 255/4.79
50 177/4.82
49 609/6.56

17
17
23

Tubulin β subunit, with GTPase activity

SFRS1 protein

22560/7.72

25

arginine/serine-rich 1 alternate splicing factor

Crystal structure of an active
site mutant of the pyst1
Hypothetical protein:
DKFZp434K1815 variant
Laminin-binding protein
67 kDa laminin receptor
Integrin beta 4 binding
protein
Nucleophosmin1
Isoform 3
Nucleophosmin 1
Isoform 2

16364/5.31

47

ERK-specific MAP kinase phosphatase PYST1/MKP3

26 864/5.64

24

31 888/4.84
32 860/4.83
27 095/4.56

28
27
26

From Deutches Krebs-Forschungszentrum cancer research
centre (German)
Laminin-binding protein, LBP

28 497/4.56

23

Also known as NPM, numatrin, No38, B23 protein

29 617/4.47

23

A major nucleolus phosphoprotein, a component of NM

No. 18
No. 21

New protein
No. 14
gi45708738
Down-regulated
No. 5
gi5822131
No. 7

gi62088338

No. 19

gi34234
gi250127
gi17939541

No. 20

gi83641870
gi40353734

Mw/pI

normal cells obviously [16,17] . HMBA could inhibit the
malignant proliferation of SMMC-7721 cells, change the
expression activity of hepatocarcinoma cell-associated
enzyme or antigen such as Gamma Glutamyl Transferase
(γ-GT), α-fetoprotein (AFP), proliferating cell nuclear
antigen (PCNA), and arrest the cells in G 0/G 1 phase.
Furthermore, HMBA could up-regulate the expression
of p21WAF1/CIP1 and p16 genes, down-regulate the activity
of Cyclin D1-CDK4 and the transcription of c-myc gene
which were necessary for cells entering into S phase, arrest
the cells in G0/G1 phase, and induce the differentiation of
SMMC-7721 cells[15,18]. This study further displayed that,
after selective extraction, filaments of NM-IF system in
SMMC-7721 cells were relatively few, not well-distributed
and arranged irregularly, and the single filaments were few,
the thick nuclear lamina was not closely associated with
the nuclear matrix and intermediate filaments. It exhibited
the rapid proliferation and the typical configuration
characteristics of NM-IF system in malignant tumor
cells. While in SMMC-7721 cells induced with HMBA,
the nuclear matrix filaments and intermediate filaments
interweaved into a regular and well-distributed meshwork
in which the quantity of single filaments increased and
differed in slender and thick form, moreover, the nuclear
matrix filaments and intermediate filaments firmly fastened
to the thin and compact fiber-like nuclear lamina. This
morphology of NM-IF system was significantly different
from those of rapidly proliferating SMMC-7721 cells but
similar to those of some previously reported epithelial or
normal cells[16,19], and was consistent with our previous
studies in which we treated the human osteosarcoma
cell line MG-63 and human gastric adenocarcinoma cell

Sequence
coverage
(%)

Biological function

β4 integrin interactor, a component of NM filaments escorts 60S
ribosome subunit from nuclear to cytoplasm
Basic transcriptin factor 2 44 kDa subunit (BTF2-p44) (General
transcription factor)

Interact with the Mad components of the Myc/Max/Mad
network of cell growth regulators

line MGC80-3 with retinotic acid (RA) respectively[13,20].
It showed that the morphology and function of NM-IF
system in SMMC-7721 cells during its differentiation had
undergone a reverse alteration. This alteration is not only
important for the reversion of hepatocarcinoma cells, but
also the indication of the differential expression of nuclear
matrix proteins.
Through 2-D gel electrophoresis and analysis of
MALDI-TOF-MS, we found 21 nuclear matrix proteins
that were differentially expressed during the differentiation
process. Among the changed spots, 8 were downregulated,
one disappeared in the differentiated SMMC-7721 cells,
whereas 11 spots were upregulated, and 1 emerged as
a new protein spot that appeared in the differentiated
cells. Nine of the 21 changed proteins were identified.
Four proteins-mutant Pyst1, hypothetical protein,
nucleophosmin1 and LBP were downregulated, whereas
four proteins-eIF6, p44 subunit, β-tubulin and SIN3B
were upregulated, and the SR2/ASF was only found in
the differentiated SMMC-7721 cells. Previous researches
showed that the composition of nuclear matrix in other
cell lines varied apparently in the different stages of cell
differentiation[21,22]. Our early studies also confirmed that
the induced differentiation of human osteosarcoma cell
line MG-63 and human gastric adenocarcinoma cell line
MGC80-3 with HMBA was accompanied with changes
of nuclear matrix proteins[14]. In this study, we proved for
the first time that specific nuclear matrix proteins were
accompanied with the differentiation of SMMC-7721 cells.
The identified differentially expressed proteins could
be grouped into three classes: The first group was the
important transcription factor that regulated the tumor
www.wjgnet.com
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cell proliferation associated gene expression, such as
the basal transcription factor complex p44 subunit, the
SIN3B protein which regulated the activation of Myc
through interaction with Mad [23] , the nucleophosmin
which regulated gene transcription by binding with many
factors of signal transduction[24-26], and the Pyst1 protein
which played an important role in the MAPK signling[27].
The second was the splicing factor that reflected posttranscription level of the cell differentiation associated
gene expression, such as the SFRS1 protein [28] . The
third group was a kind of proteins that affected the
synthesization, processing, and nuclear exportion of the
ribosome, such as the multifuctional nucleophosmin,
P27BBP/eIF6, and the LBP/P40 [29,30] . Besides, one
unknown protein (hypothetical protein) was found in
this study and its function needs to be further illustrated.
These identified nuclear matrix proteins were not only
significant in the nuclear region, but also could influence
the cell proliferation and differentiation through regulating
the gene expression at transcriptional, mRNA processional
or post-transcriptional level. Further characterization
of those proteins and their interaction with the nuclear
matrix network is important for revealing the mechanism
of cancerization and understanding of the phenotypic
reversion of tumor cells.

COMMENTS
Background

Previous studies showed that different stages of cell differentiation were
characterized by different morphology of nuclear matrix. However, the relationship
between alteration of morphology and function of nuclear matrix-intemediate
filament system in cancer cells and its phenotypic reversion has not been well
illustrated. The functions of important nuclear matrix proteins which influence the
cancer cell differentiation have not been investigated in detail.

Research frontiers

To identify differentially expressed nuclear matrix proteins and analyze their
function in cancer cell differentiation is one of the most interesting hotspots in
current studies of nuclear matrix.

Innovations and breakthroughs

The authors showed for the first time that the induced differentiation of human
hepatocarcinoma cells had not only the morphological changes of nuclear matrixintermediate filament system, but also the differential expressed nuclear matrix
proteins which might be essential for cancer cell reversion.

Applications

Differentially expressed nuclear matrix proteins can be used as potential targets in
both diagnosis and treatment of tumors.

Terminology

Nuclear matrix: The residual proteinaseous structure that remains after the nuclei
are depleted of the nuclear membranes, histones, soluble nuclear proteins and
nucleic acids. The structures that remain in matrix preparations are the nuclear
lamina, the residual nucleolus and the fibrillogranular network.
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Peer review

This is an interesting paper that links morphological and proteomical techniques in
the study of nuclear matrix. The results are important for subsequent research on
the function of those differentially expressed proteins.
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Abstract
AIM: To evaluate the effect of hydroxyapatite nanoparticles (Nano HAP) by intravenous injection on the
inhibition of implanted hepatic VX 2 tumor growth in
rabbits and cell p53/c-Myc protein expression.
METHODS: 60 hepatic VX2 tumor-bearing rabbits was
randomly divided into five groups. Nano HAP collosol
20 mg/kg, 40 mg/kg, 5-FU solutions 20 mg/mL, mixed
liquor of 5-FU solution 20 mg/mL and Nano HAP collosol
20 mg/kg were infused by vein, normal saline conducted
as the control. The general state, weight, liver function
and gross tumor volume were detected dynamically.
The expression of p53 and c-Myc gene protein in tumor
tissue was detected by immunohistochemistry methods.
RESULTS: The growth of implanted hepatic VX2 tumors
was significantly inhibited in all therapy groups, 3 wk
after the injection, the tumor control rates in Nano HAP
collosol groups were 25.5% and 32.5% respectively,
and the gross tumor volumes were obviously less than
that of control group. (24.81 ± 5.17 and 22.73 ± 4.23
vs 33.32 ± 5.26, P < 0.05). The tumor control rate of
5-FU group was 43.7% (18.74 ± 4.40 vs 33.32 ± 5.26,
P < 0.05), but the general state of the animals after
injection aggravated; and the adverse reaction in the
drug combination group obviously decreased. Due to
the effect of Nano HAP, the positive expression of tumor
associated the mutated p53 and c-Myc in tumor tissue
was decreased obviously compared with the control
group.
CONCLUSION: Nano HAP has evident inhibitory action
on rabbit implanted hepatic VX2 tumor in vivo , which
may be the result of decreasing the expression of the
mutated p53 and c-myc, and drug combination can
obviously decrease the adverse reaction of 5-FU.
www.wjgnet.com
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INTRODUCTION
As the nanometer technique continuous����
to
��� develop,
��������� ����
its�
application in medical area has became a hot spot of
current investigation. Hydroxyapatite� �������
(HAP), ��������������
the molecular
formula of which is� Ca
�� 10(PO4) 6(OH) 2, is the essential
component of inorganic composition in human bone. It
has been found to have obvious inhibitory ������������
fun���������
ction on�
growth of������
many ����������������������
kinds of tumor cells, ���������������������
and its nanoparticle
has stronger anti-tumor effect than macromolecule
microparticles. In vitro, HAP has been demonstrated to
have obvious apoptosis induction and growth inhibition
effects[1]. Based on the above, we examined the effect of
HAP on growth inhibition of implanted hepatic VX 2
tumor in rabbits and cell p53/������
c-Myc� ����������������������
protein expression in
���
tumor tissue in vivo.

MATERIALS AND METHODS
Materials
New Zealand rabbits, female or male, weighing 2.5�����
-����
3.5 ����
kg,
were obtained from the Laboratory Animal Center of
Wuhan University Medical School; tumor bearing rabbits
were presented by Tangdu Hospital of the Fourth Military
Medical University; Nano HAP and 0.2% CMC-Na were
provided by Biomaterial Center of East China University
of Science and Technology; 5-FU ��������������
i�������������
nject��������
i�������
on was ���������
produced
by Shanghai Xudong Haipu Medicine Company Ltd.;
rat anti rabbit c-Myc, P53 monoclonal antibody and the
immunohistochemistry kit were purchased from Fuzhou
Maixin Biologic Product Company. 20 mg/mL and
40 mg/mL solutions were prepared with normal saline
and Nano HAP powder, and 20 mg/mL Nano HAP and
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tumor infection of Nano HAP on rabbit implanted hepatic VX2 tumor

20 mg/mL 5-FU were mixed in vol. proportion 1:1, 0.2%
CMC-Na was separately added as dispersion stabilizer,
then dispersed to suspending-stable Nano HAP sol and
mix injection in Sonic V130 ultrasonic cell pulverizer; 5-FU
injection was diluted with normal saline to 20 mg/mL.
Animal model
VX 2 tumor fragments were implanted in rabbit thigh
muscle, and were taken out when their diameter extended
to 1.0-1.5 cm. Having removed the connective tissue,we cut
the tumor tissue��,� �����
like ���������
flesh of ��a ����������������
fish into small ������������
cubes about
1 mm3 ��������������������������������
in size and implanted it in the �����
left �����
lobe ���������
visceral
surface of healthy rabbit liver, with a depth exceeding
1 cm. Ultrasound detection was taken 7� ������������
d after the
implan��������
ta������
tion, ��������������������������������������������
and the tumor growth state was recorded. If
the tumor doesn’t have ectopia implan��������
ta������
tion, �������������
colliquation
or cystoid degeneration, the animal implantation model
is considered successful. The selected 60 tumor bearing
rabbits were randomly divided into five groups: A,� ���
B,� ���
C,� ��
D
and E. The drug began to be injected through dorsal ear
vein 3 w�������������������������������������
k������������������������������������
after the implantation every other day.
����� Group
������
A was given normal saline, 2 mL every time; group B
was given Nano HAP sol 20 mg/kg; group C was given
Nano HAP sol 40 mg/kg; group D was given 5-FU
20 mg/kg; group E was given the mixed liquor of Nano
HAP sol 20 mg/mL and 5 Fu 20 mg/mL, the doses were
both 20 mg/kg.
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Table 1 Change of average weight of animals in each group
mean ± SD

Group

n

A (Control)
B (HAP)
C (HAP)
D (5-FU)
E (5-FU + HAP)

12
11
12
11
12

Weight (kg)
Before injection One week after
injection
2.73 ± 0.21
2.67 ± 0.21
2.66 ± 0.15
2.59 ± 0.14
2.70 ± 0.16
2.61 ± 0.14
2.70 ± 0.17
2.47 ± 0.17a
2.78 ± 0.19
2.60 ± 0.18

Three weeks after
injection
2.32 ± 0.14
2.46 ± 0.19a,d
2.52 ± 0.12a,d
1.95 ± 0.14b
2.23 ± 0.22d

P < 0.05, bP < 0.01, vs group A; dP < 0.01, vs group D.

a

Judgement of immunohistochemistry staining result
The m�������
utated ����
p53 ���������������������������
positive staining area was ��������
located
in the nuclei, and c-Myc positive staining was mainly
located in the plasma, but part of the nuclei can also be
stained. 5 high power lens fields were chosen and stained
uniformly to count positive cells. The immunostaining�
of the mutated p53 and c-Myc had 4 grades according
to the staining intensity or positive cell rate: negative� �����
(-):
no positive staining or positive cell rate < 5%;��������
�������
Weakly
positive� (+)����������������������������
�������������������������������
: staining yellow or 6%-20% positive�������
���������������
tumor�
cells; positive� �������������������������������������������
(++): staining buffy or 21%-60% tumor cell
staining; strongly positive� (+++):
�������������
buffy particles
�������������
or �
> 61%�
tumor cells staining.

Monitoring the growth state of tumor-bearing rabbits
The tumor-bearing rabbits were fed in the standard
cleaning level lab, the general state changes of the animals,
such as color pattern, food-intake, water-drinking, activity,
oral and nasal discharge were followed up daily. The
weight of the animals were taken before feeding in the
early morning every 3 d, and the liver function� ������
(ALT)
was detected by extracting venous blood�����������������
of experimental
rabbits������������
every week.

Statistical analysis
A��������
ll Data were
������������������������
expressed as means� ��
±��������������������
�������������������
���������
standard ����������
deviation
(�����
SD).� ������
Means between
��������������������������
multi-groups were compared
���������������
using
a one-way ANOVA with LSD test and Student-NewmanKeuls q test. Rates between groups were compared using
Fisher’s exact propability test. Statistical analysis was
performed using SPSS 12.0.

Tissue and sample disposal
3 wk after the injection, rabbits were intravenously
anesthetized and their abdominal cavit�����������������
ies��������������
were opened,
integrate liver were taken out, abdominal and thoracic
cavities were examined. tumor volume was calculated by
the formula V = 0.5 × a × b2 (a: maximum diameter, b:
maximum transverse diameter), growth inhibition rate of
tumor (GIR) = ( tumor volume of control group-tumor
volume of therapy group)/tumor volume of control group
× 100%.

Change of general state and weight of tumor-bearing
rabbits
The general health state of rabbits was�������������
����������������
fine before drug
�����
injection in each groups , and the rabbit hair was smooth
and glossy, food intake and activity were normal, weight
between groups had no significant difference. The animals
in control group began to have symptoms of gradual
failure 2 wk after injection, the activity and food intake
worsened, stools got loose, oral and nasal discharge
increased. The time when two Nano HAP groups ha��
d�
failure symptom were later than the control group, and
the weight of the rabbits was also higher than that in
control group� �(P < 0.05��) ������������������������������
(Table 1). After 3 continuous
drug injections, the food intake and activity of the animals
decreased obviously, and �������������������������
at 1 wk after injection, �����������
the weight
of the rabbits was lower than that in control group (�P <
0.0����
5), �����������������������������
and at 3 wk after injection, the
����������������������
weight of animals
w���
as� ������������������������
lower than other groups �(P < 0.0����������������������
1)��������������������
.�������������������
The
������������������
weight in the
drug combination group lowered after injection, but had
no (do they mean no or do they mean “were significantly
different”) significant difference compared with 5-FU
group.

HE and Immunohistochemistry staining
The samples were labeled, numbered and placed in
10% formalin solution for fixation. Then the tissue was
embedded in paraffin and serially sectioned (4 μm) for
HE staining. The final diagnosis of tumor depended on
pathology. Immunohistochemistry staining was made using
SABC assay, PBS was used as negative control instead of
first antibody, and exist����
���������
ing� ��������������
P53 and c-Myc ���������
positive ������
liver
tumor slide��s �������������
(provided by ����������
pathology ������������������
division of Wuhan
University Zhongnan Hospital) were used as positive
control.

RESULTS
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Table 2 ALT level before and after treatment in each group
mean ± SD

Group

n

Before
injection

ALT (U/ L)
One week after Three weeks after
injection
injection

A (Control)
B (Nano HAP)
C (Nano HAP)
D (5-FU)
E (5-FU + HAP)

12
11
12
11
12

43.56 ± 7.24
39.29 ± 6.52
40.38 ± 6.88
42.70 ± 7.08
42.86 ± 6.79

45.33 ± 8.29
42.73 ± 10.05d
43.75 ± 6.30d
74.64 ± 15.55b
59.67 ± 12.66b,c

75.33 ± 12.51
59.55 ± 15.40a,d
62.00 ± 14.49a,d
99.73 ± 14.70b
86.42 ± 11.54a,c

A
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B

Figure 1 A: The mutated p53 positive expression in tumor tissue (× 200); B: c-myc
positive expression in tumor tissue (× 200).

a

P < 0.05, bP < 0.01, vs A group; cP < 0.05, dP < 0.01, vs D group.

A

B

Table 3 Tumor volume and tumor growth inhibition rate of
each group 3 wk after treatment mean ± SD
Group

Gross tumor
3
volume (cm )
33.32 ± 5.26
24.81 ± 5.17b,d
22.73 ± 4.23b,d
18.74 ± 4.40b,d
13.10 ± 2.48b

A (control)
B (Nano HAP)
C (Nano HAP)
D5-FU
E (5-FU + HAP)
b

Inhibition
ratio (%)
—
25.53
32.52
43.7
60.97

t value
(vs group)
—
3.91
5.29
7.17
12.05

Figure 2 A: The outward appearance of VX2 liver tumor the metastatic carcinoma
on lung in control group; B: The metastatic carcinoma on lung in control group.

P < 0.01 vs group A; dP < 0.01 vs group E.

Table 4 P53 and c-Myc positive staining in groups
Group n
A
B
D
E

12
23
11
12

2
13
6
7

+
4
6
2
3

P53
++
5
4
3
2

+++
1
0
0
0

Positive
(%)
83.3
43.5a
45.5
41.7

3
12
5
6

c-Myc
+ ++
5 3
5 5
2 3
3 3

compared with B,�������
������
C
and D
�� group
�������(P < 0.05).
+++
1
1
1
0

Positive
(%)
75.0
47.8
54.5
50.0

a

P = 0.034 vs group A.

Result of liver function level detection
Differences in the ALT level of each group was not
statistically significant. One����������������������
�������������������������
w��������������������
ee������������������
k after injection ��, ����
ALT
in 5-FU group became significantly higher than other
groups (Table 2�, P < 0.05), and ALT in d����������������
�����������������
rug combination
group increased obviously compared with control group
(P < 0.05���
)��, ����
but ������������������������������
lower than that in 5-FU group �(P < 0.05).
Three weeks������������������
after injection, ����
the �������������������������
liver function got worse
in control group, displaying an obvious rise in ALT. ALT
in two Nano HAP group increased slightly, but obviously
lower than that in control group (P < 0.05). ALT in
5-FU group was higher than other groups. ALT in drug
combination group increased compared with control
group, but lower than that in 5-FU group (P < 0.05).
Tumor pathology
Before treatment, the tumor size of each group w�������
��������
as not
statistically significant. Table 3 shows the average tumor
volume and tumor growth inhibition rate 3 wk after
injection. The tumor growth inhibition rate of each group
were 25.5���
%��, 32.5���
�������
%��, 43.7��������������������������
������������������������������
% and���������������������
60.9����������������
%���������������
respectively, ��������
and the
tumor volume had significant differences compared with
that in control group (P < 0.01). The tumor volume of
drug combination group also showed significant deference
www.wjgnet.com

Result of Immunohistochemistry Staining
Table 4 shows the result�������������������������
of����������������������
immunohistochemistry
staining: Figure 1�����������������������������
������������������������������
show the results of mutated ��������
P53 and
c-Myc positive staining. In this result 2 groups that injected
HAP combined to B group, and other groups did not
change. ������������
The m�������
utated �����������������������������
P53 and c-Myc both expressed
strongly in tumor tissue, and positive cell rates were 83.3%�
and 75.0%, through the Nano HAP treatment, the positive
expression rates of these two protein were 43.5% and
47.8%, lower than the control group, in which expression
rate of mutated P53 has statistical significant difference,
but there was no significant difference of the two proteins
between therapy groups. In tumor tissue of control group,
positive expression rate of both mutated P53 and c-Myc
was 75.0%, which in Nano HAP group decreased to
39.1%�.
Simple observation and histological studies
VX2 liver tumor tissue w���������������������������������
as�������������������������������
gray and had clear borderline
with liver tissue, it had no envelope, and the section turned
like the flesh of fish� �������������������
(Figure 2A���������
�����������
). The VX2 liver tumors
in control group were much larger than that in therapy
group, and grew to the surface of liver, adhering with
surrounding tissue, most of them had chest and abdominal
wall metastasis, moreover two cases had lung metastasis,
showing many lesser tubercles on the surface of lung�
(Figure 2B���
�����
), as
��� diagnosed
���������������������������������������
by histology. Few animals in
other groups had abdominal cavity and wall metastasis, but
did not have lung metastasis. Observed in light microscope
after HE staining, tumor cells turned to be round, and
fusiform shape���������������������
or������������������
irregular shape, �����������������
and the size was large,
�������
irregular shape, less endochylema, Karyomegaly and dense
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A

B

Figure 3 A: There are apparent morphological differences between VX 2 liver
tumor tissue and the normal liver tissue (× 200); B: There are lots of calcified
points in tumor tissue in group treated by nano-HAP (× 100).

staining. The cells ranked a�����������
b����������
normal����
l���
y, �������������������������
and initial infiltrative
hepatic cords distributed at the edge of cancer nest� ��������
(Figure
3����
A���
), �������������������������������������������������
some center��������������������������������������
s�������������������������������������
of ���������������������������������
tumors���������������������������
occurred colliquation and
necrosis. At the edge of necrotic tumor tissue in HAP
group, many microcalcification focuses were observed�
(Figure 3B���
�����
), �������������������������������������������
however tumor tissure in control group and
normal liver tissue did not have same calcification focus.

DISCUSSION
Liver cancer is one of the most common malignant tumors
in China, and the incidence of disease has continuously
increased, its integral & clinical therapy effect is not still
ideal due to features of difficulty in early diagnosis, high
malignancy and easy relapse etc. Therefore, it is imperative
to speed-up the research of biological medicine, to look
for a highly efficient, low poison chemotherapy medicine
which is one of the main directions of our present study.
HAP has a good issue compatibility both inside and
2���
-��
7�]
outside the body[����
, it has been widely used as the biological
material for bone damage and oral cavity medicine,
8,9�]
simultaneously used as in body medicine carrier[����
, moreover
Nano HAP had a very small excitation on blood vessel,
5,10�]
feeding medicine can be made by intravenous injection[�����
.
Nano HAP used for this research is synthesized by solcoagel method having a good dispersive effect, its particle
size with about 50 nm is very uniform, which meets the
requirement for Nano meter grade� (0.1
�����������������
nm-100 nm), having
�������
advantage of high surface energy etc., that can not exist
for the large particle size of HAP. During early out-body
experiment Nano HAP has been proved to have obvious
inhibition function for multi-kinds of tumors.
This research has proved that Nano HAP had obvious
inhibition effect on the growth on the implanted tumor in
VX2 liver of rabbit through its intravenous injection into
rabbit body. During these experiments the early model
was selected for implanted tumor of VX2 liver, different
concentrations of Nano HAP have been injected after 3
wk, their inhibition rates of tumors reached separately to
25.3% and 32.5%, which indicated that it could inhibit
the growth of tumors. Moreover, liver function on the
experimental rabbits has also proved that Nano HAP had
a little effect of physiological function on the organism.
Inhibition function for tumor growth in 5-FU group was
stronger than that in Nano HAP group, but the poisonous
side effect has also been indicated obviously, after being
continuously injected of 5-FU, the food-intake & activity
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of animals were obviously decreased; their body weights
were obviously lower than that of other groups; the degree
of liver function damaged was obviously higher than that
of other groups. These results indicated that Nano HAP
has no obvious in body adverse reaction.
Through experiment, it was also discovered that not
only did Nano HAP have an anti-tumor function by itself,
but also it ha��
d� very
������������������������������������������
strong cooperation effect with other
anti-tumor medicines. The inhibition rate of tumor is the
highest in the combinative therapy group in experiments.
Moreover after having been injected into tumor-bearing
rabbit with same dosage of 5-FU, the indication of
two groups of animals was quite different. The general
situation for animal of combinative therapy group was
obviously better than that in 5-FU group. Dynamic
supervision on body weight & liver function indicated
also that the effect of 5-FU on the animal physiological
function of combinative therapy group is obviously less
than that in 5-FU group.
In combination with feature of Nano HAP having
large surface & high surface energy, it, may be, has played
a role of its carrier after being mixed of Nano HAP
11�]
with 5-FU. This adsorption of carrier[���
could obviously
reduce first blood-medicine concentration of 5-FU, and
reach to a relaxation effect, it was also
���������������������
reported
����������������
in the
literature that Nano HAP could produce a complex with
blood serum protein in biological body[12,13], it was inferred
that the Nano HAP-5-FU protein compound could be
formed in animal blood after mixing of Nano HAP with
5-FU, therefore not only the poisonous by-effect of high
con�����������������������������������������������
cen��������������������������������������������
tration free 5-FU in body could be reduced, ����
but
also the blood solubility of Nano HAP could be increased.
The present researches for various Nano HAP antitumors mechanism indicate the anti-tumor effect can
be reached through effecting the end grain enzyme of
cancer cell, cell skeleton, Ca2+ concentration and immunity
function. In experiment the expression product in tumor
tissue was detected after reaction of gene mutated P53�
and �����������������������������������������������
c-Myc with Nano HAP. The result indicates that
the positive expression rates of two kinds of proteins
are separately 43.5%, 47.8% after reaction of Nano
HAP, which are obviously lower than that in comparison
control group��.� ������������������������������������������
p53 and c-Myc are the important genes for
controlling proliferation and withering of tumors cells,
of which c-Myc protein positive expression can lead to
directional development of non-function, originalization
of cells. Low differentiation of cells with high toxicity
is early accident occurring malignant tumor, so c-Myc
protein positive expressi��������������
on������������
was mainly �������������������
distributed at the
edge of tumor. Nano HAP can lower positive expression
of these two kinds of protein, it was prompted it could
prevent the����������������
malignant cell proliferation
�������������������������������
of tumor through
effecting control of cancer cell gene, to reach anti-tumor
effect. But it has to be further researched carefully for the
detail mechanism.
To sum up, not only the Nano HAP has expressed
obvious anti-tumor effect in vivo of animal, but also, its
poisonous by-effect was low, and it could bring very
strong cooperation effect with using other chemotherapy
medicine, reduce toxicity of other chemotherapy medicine.
It might become new clinical anti-tumor medicine.
www.wjgnet.com
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in colorectal tumor compared with normal epithelium
in both Japanese and US patient groups. Expression
of NDRG1 protein was significantly correlated with
lymphatic invasion, venous invasion, depth of invasion,
histopathological type, and Dukes' stage in Japanese
colorectal cancer patients. NDRG1 expression was
correlated to histopathological type, Dukes' stage and
HIF-1α expression in US-Caucasian patients but not in
US-African American patients. Interestingly, Kaplan-Meier
survival analysis demonstrated that NDRG1 expression
correlated significantly with poorer survival in US-African
American patients but not in other patient groups.
However, in p53-positive US cases, NDRG1 positivity
correlated significantly with better survival. In addition,
NDRG1 expression also correlated significantly with
improved survival in US patients with stages Ⅲ and Ⅳ
tumors without chemotherapy. In Japanese patients with
stages Ⅱ and Ⅲ tumors, strong NDRG1 staining in p53positive tumors correlated significantly with improved
survival but negatively in patients without chemotherapy.
CONCLUSION: NDRG1 expression was correlated with
various clinicopathological features and clinical outcomes
in colorectal cancer depending on the race/ethnicity of
the patients. NDRG1 may serve as a biological basis for
the disparity of clinical outcomes of colorectal cancer
patients with different ethnic backgrounds.
© 2007 The WJG Press. All rights reserved.

Abstract
AIM: To evaluate the role of N-myc downstreamregulated gene 1 (NDRG1) expression in prognosis and
survival of colorectal cancer patients with different ethnic
backgrounds.
METHODS: Because NDRG1 is a downstream target
of p53 and hypoxia inducible factor-1α (HIF-1α), we
examined NDRG1 expression together with p53 and HIF1α by immunohistochemistry. A total of 157 colorectal
cancer specimens including 80 from Japanese patients
and 77 from US patients were examined. The correlation
between protein expression with clinicopathological
features and survival after surgery was analyzed.
RESULTS: NDRG1 protein was significantly increased

Key words: NDRG1 expression; Colorectal cancer; Race;
Ethnicity; Clinical outcomes
Koshiji M, Kumamoto K, Morimura K, Utsumi Y, Aizawa
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N-myc downstream-regulated gene 1 expression with clinical
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INTRODUCTION
N-myc downstream-regulated gene 1 (NDRG1) was first
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discovered by two groups under differing physiological
conditions [1,2]. NDRG1, also termed CAP43, DRG1,
NDR1, RIT42, and RTP, has been mapped to human
chromosome 8q24 and encodes for a 394-amino acid
cytoplasmic protein with a molecular weight of 43 kDa[2-5].
Transcription of the NDRG1 gene is negatively regulated
by the MYC family proteins including N-MYC and
c-MYC[6]. The expression of NDRG1 could be induced
by diverse agents including metals that mimic hypoxia,
homocysteine, calcium ionophore, okadaic acid, and
androgens[3,4,7-10]. The induction of NDRG1 expression by
carcinogenic nickel and hypoxia is mediated by hypoxia
inducible factor-1α (HIF-1α) [7,8,11] . DNA damaging
agents induced NDRG1 expression in a p53-dependent
manner [12,13] and a putative p53 binding site had been
reported within the NDRG1 promoter region[13].
Earlier publications had reported down regulation
of NDRG1 expression in colon, breast, and prostate
cancers[2,14-16]. In contrast, recent studies reported increased
expression of NDRG1 protein in malignancy including
skin, brain, lung, colon, breast and prostate cancers[17-19].
The expression of NDRG1 in colon cancer has also
been controversial. Wang et al[19] reported that the level
of NDRG1 protein was gradually increased in colorectal
cancers and immunohistochemical staining of NDRG1
was correlated with lymph node metastasis in a Chinese
patient population. In contrast, Shah et al[20] stated that
NDRG1 staining in the primary colorectal tumor was
always less than adjacent normal colon in a US patient
population. They examined NDRG1 expression in
colorectal liver metastases and demonstrated a trend for
unilobar metastases with high NDRG1 expression and a
suggestion of improved 2-years survival[20].
It has been reported that African Americans have a
higher incidence and mortality from colorectal cancer than
Caucasians[21]. Another recent study reported that African
American patients received less adjuvant chemotherapy
than Caucasian patients, providing a plausible reason for
the higher mortality in African Americans[22]. However,
a biological basis for the existence of a more aggressive
colorectal cancer in African American patients remains
to be determined. Similarly, disparity in the incidence and
clinical progression of prostate cancer between African
Americans and Caucasians had also been reported.
When access to care as a possible confounding variable
in disease outcome was controlled for, Caruso et al [23]
demonstrated that African American patients presented
with a significantly worse clinicopathological profile than
Caucasian patients and that ethnicity was an independent
factor in disease recurrence after surgical treatment.
Interestingly, different expression patterns of the
NDRG1 protein might reflect differences in the response
of prostatic epithelium to hypoxia and androgens in
African Americans compared with Caucasians, revealing a
possible biological basis underlying the disparity in clinical
outcomes of prostate cancer patients with different ethnic
background[23]. We hypothesized that NDRG1 expression
in colorectal cancers, similar to that in prostate cancer,
might reflect different race/ethnic backgrounds and
underlie the disparity in clinical outcomes of colorectal
cancer patients with different race/ethnic backgrounds.
www.wjgnet.com
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MATERIALS AND METHODS
Patients
The study population consisted of 157 consecutive
patients (103 male, 54 female; age range, 37 to 85 years;
average 66.5 years) observed between January 1995 and
December 2003, with histologically proven colorectal
adenocarcinoma. Tumors that met the Bethesda guidelines
for hereditary nonpolyposis colorectal cancer and/or
carcinomas associated with inflammatory bowel disease
were excluded from this study. Patient selection was
primarily based on the availability of both adequate
clinical follow-up and representative specimens for
immunohistochemical analysis. Out of a total of 157
colorectal cancer specimens, 80 were from Japanese
patients and 77 were from US patients. Among the
80 Japanese patients, 44 received oral 5-fluorouracil
chemotherapy in addition to surgery. The number of
stage Ⅲ and Ⅳ US patients totaled 42, among which 19
patients had chemotherapy and 23 patients did not receive
chemotherapy.
Immunohistochemical staining and pathological
evaluation
Immunohistochemical (IHC) staining was performed
by using serial sections of paraffin-embedded tumor
specimens. Antigen retrieval and immunochemical
staining were performed as described[24]. Sections were
incubated with a 1:100 dilution of polyclonal anti-NDRG1
antibody[5], polyclonal anti-HIF-1α antibody (Santa Cruz),
and a 1:200 dilution of monoclonal anti-p53 antibody
(DAKO). Slides were examined by three independent
pathologists blinded to each other’s work and with no prior
knowledge of clinical and pathological features of tumors.
For assessment of IHC staining, the following criteria
were used: 0 represented negative staining while positive
staining was scored from +1 to +3 (+1, weak staining or
moderate to intense staining in the peripheral region of <
10% of the cancer nests; +2, moderate staining in most of
the cancer cells or intense staining in the peripheral regions
in 10%-40% of the cancer nests; +3, intense staining in
almost all the cancer cells). NDRG1 negative staining
means 0 while positivity means +1 to +3.
Statistical analysis
Statistical comparisons for significance between protein
expression patterns and clinicopathological features were
evaluated by Mann Whitney U-test and χ2 test. Multivariate
analyses were performed according to a logistic regression
analysis. The survival curves were estimated by the KaplanMeier method, and the resulting curves were compared
using the log-rank test. Statistical analysis was performed
using StatMate (ATMS Co. Ltd., Tokyo, Japan) and P <
0.05 was considered statistically significant.

RESULTS
NDRG1 expression in colon cancer
Immunohistochemical analysis demonstrated that
NDRG1 was expressed in the cytoplasm and membranes
of epithelial cells of colorectal adenocarcinoma from a
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Figure 1 Expression of NDRG1 in colorectal cancer as analyzed by
immunohistochemistry. A: Moderately differentiated colorectal adenocarcinoma
from a Japanese patient demonstrating membranous and cytoplasmic staining
with NDRG1 antibody; B: No NDRG1 expression was detected in normal adjacent
colon mucosa; C: Well differentiated colorectal adenocarcinoma from US patient; D:
Moderately differentiated colorectal adenocarcinoma form US patient.

Japanese patient (Figure 1A) but not in normal adjacent
colon mucosa (Figure 1B). Non-epithelial cells including
stroma, muscle, and invading lymphocytes were also
negative for NDRG1 expression. NDRG1 expression
was also detected in well-differentiated (Figure 1C)
and moderately differentiated (Figure 1D) colorectal
adenocarcinomas from US patients. The correlation of
NDRG1 expression with clinicopathologic variables in
Japanese and US cases was shown in Table 1A and B.
In Japanese colorectal cancer patients, positive NDRG1
expression was correlated with histopathological type (P
= 0.017), Dukes’ stage (P = 0.036), lymphatic invasion
(P = 0.021), venous invasion (P = 0.0077), and depth of
invasion (P = 0.01) (Table 1A).
Because of the smaller sizes of surgical specimens
available from the US patients, pathological information
relating lymphatic invasion, venous invasion and depth
of invasion could not be obtained. Since the US patient
population consisted of two race/ethnic groups, namely,
Caucasian and African American, analysis of NDRG1
expression and clinicopathological variables was also
performed based on race/ethnicity. As shown in Table
1B, while there was a trend in the correlation of NDRG1
expression with Dukes’ stage in the overall US cases
(P = 0.056), NDRG1 expression was only significantly
correlated to Dukes’ stage in Caucasians (P = 0.0063)
but not in African Americans (P = 0.88). Similarly, when
comparing well versus moderate differentiated tumors,
significant correlation with NDRG1 positivity was also
only observed in Caucasians but not in other populations.
Expression of other biomarkers in colon cancer
Next, we examined the frequency of NDRG1 expression
relative to that of p53 and HIF-1α (Table 2A). Normal
colonic epithelium showed negative to weak nuclear
staining of p53 while HIF-1α was not detected in normal
colonic mucosa. As shown in Table 2B, while there was a

Age (yr)
> 66
< 66
Gender
Male
Female
Tumor location
Right-hemicolon
Left-hemicolon
Histopathological Type
Well
Moderate
Poor
Mucinous
Sig
Dukes’ stage
A
B
C
D
Liver metastasis
Negative
Positive
Lymph node metastasis
Negative
Positive
Lymphatic invasion
Negative
Positive
Venous invasion
Negative
Positive
Depth of invasion
m
sm
mp
ss, a1
se, a2
si, ai

Total cases (%)

Positive

Negative

n = 80

n = 55

n = 25

48 (60.0)
32 (40.0)

34
21

14
11

45 (56.3)
35 (43.7)

30
25

15
10

28 (35.0)
52 (65.0)

22
33

6
19

39 (48.8)
38 (47.6)
1 (1.2)
1 (1.2)
1 (1.2)

22
31
1
1
0

17
7
0
0
1

22 (27.5)
21 (26.3)
27 (33.7)
10 (12.5)

11
14
20
10

11
7
7
0

73 (91.3)
7 (8.7)

48
7

25
0

48 (60.0)
32 (40.0)

30
25

18
7

19 (23.8)
61 (76.2)

9
46

10
15

15 (18.8)
65 (81.2)

6
49

9
16

5 (6.3)
8 (10.0)
14 (17.5)
29 (36.3)
23 (28.7)
1 (1.2)

1
4
10
23
16
1

4
4
4
6
7
0

P value
0.622

0.649

0.164

0.067
0.017

0.036

0.062

0.14

0.021

0.0077

0.01

P < 0.05 is considered significant.

trend in the correlation of NDRG1 expression with HIF1α expression in colorectal tumors from Japanese patients
(P = 0.061), the correlation was significant in the overall
US patients (P = 0.036). Similar to that observed with
Dukes’ staging, when analysis was performed based on
race/ethnicity, significant correlation between NDRG1
and HIF-1α was only observed in Caucasian patients (P =
0.015) but not in African American patients (P = 0.73). On
the other hand, no significant correlation between NDRG1
and p53 expression was observed in all three groups.
Clinical outcomes of colorectal patients
As shown in Table 1A and B, NDRG1 expression was
significantly correlated with advanced Dukes’ stages in
Japanese and Caucasian colorectal cancer patients (P
= 0.036 and 0.0063, respectively), but not in African
American patients (P = 0.88). As expected, Kaplan-Meier
survival curves revealed that prognosis was associated with
Dukes’ stage in both Japanese and US groups (Figure 2A).
To examine if NDRG1 expression correlated with survival
www.wjgnet.com
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Table 1B Correlation of NDRG1 expression with clinicopathologic variables in U.S. (Caucasian and African American) cases
All U.S. cases (n = 77)
NDRG1
Total (%)
+
Age (yr)
> 66
< 66
Gender
Male
Female
Histopathological type
Well
Moderate
Poor
Mucinous
Dukes’ stage
A
B
C
D
Liver metastasis
Negative
Positive
Lymph node metastasis
Negative
Positive

P value

Caucasian (n = 43)
NDRG1
Total (%)
+
-

P value

0.079
45 (58.4)
32 (41.6)

19
20

26
12

58 (75.3)
19 (24.7)

26
13

32
6

47 (61.0)
23 (29.9)
2 (2.6)
5 (6.5)

20
14
1
4

27
9
1
1

7 (9.1)
28 (36.4)
23 (29.9)
19 (24.6)

1
14
16
8

6
14
7
11

58 (75.3)
19 (24.7)

31
8

27
11

35 (45.5)
42 (54.5)

15
24

20
18

0.092
26 (60.5)
17 (39.5)

10
11

16
6

32 (74.4)
11 (25.6)

14
7

18
4

28 (65.1)
14 (32.6)
0 (0)
1 (2.3)

11
10
0
0

17
4
0
1

4 (9.3)
16 (37.2)
14 (32.6)
9 (20.9)

0
8
11
2

4
8
3
7

34 (79.1)
9 (20.9)

19
2

15
7

20 (46.5)
23 (53.5)

8
13

12
10

0.074

0.31
0.15a

African American (n = 34)
NDRG1
Total (%)
+
P value
0.464
19 (55.9)
15 (44.1)

9
9

10
6

26 (76.5)
8 (23.5)

12
6

14
2

19 (55.9)
9 (26.5)
2 (5.9)
4 (11.8)

9
4
1
4

10
5
1
0

3 (8.8)
12 (35.3)
9 (26.5)
10 (29.4)

1
6
5
6

2
6
4
4

24 (70.6)
10 (29.4)

12
6

12
4

15 (44.1)
19 (55.9)

7
11

8
8

0.255

0.056

0.21
0.049a

0.153

0.0063

0.39

0.88

0.072

0.212

0.18
0.88a

0.59

0.28

0.52

a

P < 0.05 vs moderate.

Table 2A Frequency of expression of p53 and HIF-1α in
Japanese and U.S. patients n (%)

Positive
Japanese (n = 80)
43 (54.0)
All U.S. cases (n = 77)
48 (62.3)
Caucasian (n = 43)
28 (65.1)
African American (n = 34) 20 (58.8)

p53
Negative
37 (46.0)
29 (37.7)
15 (34.9)
14 (41.2)

HIF-1a
Positive
Negative
42 (52.5)
38 (47.5)
18 (23.4)
59 (76.6)
13 (30.2)
30 (69.8)
5 (14.7)
29 (85.3)

Table 2B Correlation of expression of NDRG1 with p53 and
HIF-1α

Japanese (n = 80)
p53
HIF-1a
All U.S. cases (n = 77)
p53

of patients after surgery, Kaplan-Meier analysis was
performed comparing NDRG1-positive with NDRG1negative tumors from Japanese and US patients. As
depicted in Figure 2B, no significant correlation between
NDRG1 expression and survival was observed in Japanese
patients (Log rank, P = 0.36) while NDRG1 positivity was
significantly correlated with poorer survival compared
to NDRG1 negativity in US patients (Log rank, P =
0.025). To examine if there was differential correlation
based on race/ethnicity, NDRG1 expression was further
examined in Caucasian and African American populations.
Interestingly, NDRG1 positivity was significantly correlated
with poorer survival only in African Americans but not
Caucasians (P = 0.035 and P = 0.31, respectively) (Figure
3A). Since NDRG1 is a possible downstream target of
p53, survival was further correlated with expression of the
p53 protein, generally indicative of p53 mutations leading
to a longer protein half-life. In p53-negative tumors in
US cases, NDRG1 expression had no correlation with
survival (Figure 3B). In contrast, in p53-positive tumors,
NDRG1 positivity was significantly correlated with better
survival (P = 0.005), suggesting that p53 and NDRG1
could potentially be used as biomarkers for prognosis in
www.wjgnet.com

HIF-1a
Caucasian (n = 43)
p53
HIF-1a
African American (n = 34)
p53
HIF-1a

NDRG1
Positive
Negative

P value

+
+
-

31
24
25
30

12
13
17
8

0.49

+
+
-

28
11
13
26

20
18
5
33

0.083

+
+
-

16
5
10
11

12
10
3
19

0.14

+
+
-

12
6
3
15

8
8
2
14

0.32

0.061

0.036

0.015

0.73

P < 0.05 is considered significant.

US colorectal cancer patients.
When similar studies were performed on Japanese
cases, survival was not significantly correlated with
NDRG1 and p53 expression. Hence, we analyzed NDRG1
expression in various stages of colorectal cancer in
Japanese patients. As shown in Figure 4A, no significance
in correlation of NDRG1 expression with survival was
observed in stages Ⅱ and Ⅲ colorectal cancers. However,
when NDRG1 expression was re-classified as weak
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Figure 2 Kaplan-Meier survival analysis of colorectal cancer patients. A: Survival (months
after surgery) of Japanese and US patients stratified according to Dukes’ staging;
B: Correlation of NDRG1 expression (negative, 0; positive, +1 to +3) with survival in
Japanese patients and US patients (including Caucasians and African Americans).

Figure 3 Kaplan-Meier survival analysis of US colorectal cancer patients
according to NDRG1 expression. A: Comparison of survival according to race/
ethnicity, i.e., Caucasian and African American; B: Correlation of survival in p53negative and p53-positive staining tumors.

staining (0, +1) and strong staining (+2, +3), strong
NDRG1 staining was significantly correlated with better
survival in patients with stage Ⅱ and Ⅲ colorectal cancers
(P = 0.036). In combination with p53-positive staining,
strong NDRG1 staining (+2, +3) also significantly
correlated with improved survival (P = 0.013) (Figure 4B).
Since high NDRG1 expression in patients with colorectal
liver metastases was associated with relative resistance
to irinotecan [20], NDRG1 expression and survival was
compared in patients with or without chemotherapy.
Interestingly, despite the small sample size, strong NDRG1
staining was significantly correlated with poorer survival
in stages Ⅱ and Ⅲ colorectal cancer patients without
chemotherapeutic treatment (P = 0.019) (Figure 4C).
When stages Ⅱ and Ⅲ colorectal cancer patients
from the US were similarly evaluated, no significance
was observed between weak or strong NDRG1 staining
with survival (data not shown). We therefore evaluated
if NDRG1 expression correlated with survival of US
patients with stages Ⅲ and Ⅳ colorectal cancers. As shown

in Figure 5A, although it was not statistically significant
(P = 0.058), a trend for improved survival was observed
with NDRG1-positive staining. Interestingly, when these
stages Ⅲ and Ⅳ tumors were analyzed based on the status
of chemotherapy, NDRG1 positivity was significantly
correlated with improved survival in stages Ⅲ and Ⅳ
patients without chemotherapeutic treatment (P = 0.04)
while no significant correlation was observed in patients
who had received chemotherapy (Figure 5B).

DISCUSSION
Despite NDRG1 upregulation in many other tumor
types [10,17,18,23], NDRG1 expression in colorectal cancer
has been controversial[2,19,20]. Wang et al[19] demonstrated
that NDRG1 expression was increased in colorectal
carcinogenesis and correlated with lymph node metastasis
in a Chinese population and suggested that NDRG1 might
be a possible marker for prediction of early metastasis
of colorectal cancers. Consistent with the latter, we
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Ⅲ and Ⅳ colorectal cancers. A: Correlation of survival with NDRG1 expression
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Figure 4 Kaplan-Meier survival analysis of NDRG1 expression in Japanese
patients with stages Ⅱ and Ⅲ colorectal cancers. A: Correlation of survival with
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+1) or strong (+2, +3); B: Correlation of survival with weak or strong NDRG1
staining in p53-positive tumors; C: Correlation of survival with weak or strong
NDRG1 staining in patients with or without chemotherapeutic treatment, chemo (+)
or chemo (-), respectively.

demonstrated that NDRG1 expression was significantly
correlated to lymphatic invasion, venous invasion, depth
of invasion, and histopathological type, and Dukes’
stage in Japanese colorectal cancer patients (Table 1A),
suggesting that NDRG1 expression might be correlated
www.wjgnet.com

with more aggressive phenotypes in both Japanese and
Chinese populations [19]. Although we did not have a
significant number of Japanese cases with liver metastasis
for the analysis of the correlation between NDRG1
expression and hepatic metastasis, NDRG1 was expressed
in the tumors of all 7 Japanese patients that developed
liver metastasis (Table 1A). On the other hand, compared
with Japanese and Chinese patients, the opposite trend was
observed in Caucasian patients with NDRG1 expression
correlated negatively with liver metastasis (Table 1B). The
latter was consistent with a previous report suggesting that
NDRG1 suppressed colon cancer metastasis, possibly by
inducing colon cancer cell differentiation[25]. In addition,
Shah et al[20] demonstrated NDRG1 expression in all 131
colorectal liver metastases from US patients and observed
a trend for unilobar metastases with high NDRG1
expression which was associated with relative resistance to
irinotecan. However, the race/ethnicity of the US patient
population was not analyzed in these studies.
Although NDRG1 expression is inducible by hypoxia
and its mimetic and is responsive to p53 in vitro[7,8,12,13], there
was no significant correlation of NDRG1 expression with
p53 expression but significant correlation was observed
with HIF-1α expression in US patients, attributed to
Caucasian patients, while a trend for association was
observed in Japanese patients (Table 2B). On the other
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hand, no significant correlation was observed between
NDRG1 and HIF-1α expression in African American
patients, suggesting that there may be other hypoxiaindependent pathway(s) contributing to NDRG1
expression in African American patients. Nevertheless,
NDRG1 expression in African Americans but not
Caucasians was significantly correlated with poorer
prognosis in African American patients (Figure 3A).
However, when the overall US cases were analyzed based
on p53 and NDRG1 positivity, patients with p53-positive
and NDRG1-positive tumors have improved survival
independent of race/ethnicity (Figure 3B). In p53negative tumors, no significant correlation of NDRG1
expression with survival was observed, suggesting the
potential use of both NDRG1 and p53 as prognostic
markers for US colorectal cancer patients. Because of the
limitation in small sample sizes, the latter was not further
analyzed in Caucasian and African American patients.
Future studies with a larger cohort will be needed to
determine if NDRG1 and p53 expression can serve
reliably as prognostic factors for survival after surgery
for US patients, especially in African American patients.
Moreover, NDRG1 inducibility may provide a biological
basis underlying the ethnic disparity in clinical outcomes
between African American and Caucasian patients.
Interestingly, when we analyzed NDRG1 expression
in US patients with various stages of colorectal cancers
including stagesⅠand Ⅱ, stages Ⅱ and Ⅲ, and stages Ⅲ
and Ⅳ, we only observed a trend for NDRG1 expression
with improved survival (Figure 5A) while significant
association of NDRG1 positivity with better survival
was observed in US patients who had not undergone
chemotherapy (Figure 5B). Since adjuvant chemotherapy
for stage Ⅲ colon cancer had been associated with a
5-y�������������������������������������������������
ea�����������������������������������������������
r survival of 16% but the benefits of adjuvant
chemotherapy seemed to be lower in African American
patients [26], future studies with larger sample sizes are
needed for determining the utility of NDRG1 expression
either alone or in combination with p53 expression as
prognostic marker(s) for adjuvant therapies including
chemotherapy or radiotherapy to improve survival.
In Japanese patients with stage Ⅱ and Ⅲ colorectal
cancers, significant positive association of survival with
NDRG1 expression was only observed when the latter
was analyzed as weak (0, +1) or strong (+2, +3) staining
(Figure 4A). Similar to US cases, strong NDRG1 staining
and p53 positivity in stages Ⅱ and Ⅲ Japanese tumors
correlated significantly with improved survival (Figures
3B and 4B). However, unlike US stages Ⅲ and Ⅳ patients
without chemotherapy, strong NDRG1 staining was
significantly correlated with poorer survival in Japanese
patients with stages Ⅱ and Ⅲ colorectal cancers without
chemotherapy (Figures 4C and 5B). These differences
can be due to differences in stages and or race/ethnicity.
Nevertheless, NDRG1 expression may potentially be used
as a clinical marker for prognosis and adjuvant therapies.
In summary, the correlation of NDRG1 expression
with various clinicopathological features and clinical
outcomes in colorectal cancers from patients with different
race/ethnicity suggested that it may serve not only as a
potential prognostic marker but may provide a biological
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basis underlying the disparity of clinical outcomes among
different race/ethnic groups.
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Abstract
AIM: To investigate the anti-cancer mechanisms of
Korean mistletoe lectin (Viscum album coloratum
agglutinin, VCA) using a human colon cancer cell line
(COLO).
METHODS: Cytotoxic effects of VCA on COLO cells
were determined by 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (MTT) assay in vitro and
tumor-killing effects in vivo. To study the mechanisms
involved, the expression of various pro-caspases, antiapoptotic proteins, and death receptors was determined
by western blot. To determine which death receptor
is involved in VCA-induced apoptosis of COLO cells,
cytotoxicity was examined by MTT assay after treatment
with agonists or antagonists of death receptors.
RESULTS: VCA killed COLO cells in a time- and dosedependent manner and induced complete regression
of tumors in nude mice transplanted with COLO cells.
Treatment of COLO cells with VCA activated caspase-2,
-3, -8, and -9 and decreased expression of anti-apoptotic
molecules including receptor interacting protein, nuclear
factor-κB, X-linked inhibitor of apoptosis protein, and
Akt/protein kinase B. We then examined the involvement
of death receptors in VCA-induced apoptosis. Only tumor
necrosis factor receptor 1, among the death receptors
examined, was involved in apoptosis of COLO cells,
evidenced by inhibition of VCA-induced apoptosis and
decreased activation of caspases, particularly caspase-8,
by tumor necrosis factor receptor 1 antagonizing antibody.

CONCLUSION: VCA-induced apoptotic COLO cell death
is due to the activation of caspases and inhibition of antiapoptotic proteins, in part through the tumor necrosis
factor receptor 1 signaling pathway.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Extracts from European white berry mistletoe (Viscum
album L, Family Viscaceae ) have been used in adjuvant
chemotherapy [1]. Lectins were identified as one of the
therapeutically active molecules in mistletoe extracts[2-4].
European mistletoe lectins (Viscum album agglutinins,
VAAs) showed cytotoxic effects on tumor cells by
apoptotic cell death[3]. Korean mistletoe (Viscum album var.
coloratum Kom.), a subspecies of European mistletoe, has
been used as a medicinal herb and has also been shown
to be cytotoxic against tumor cells[5]. It was reported that
a lectin isolated from Korean mistletoe (Viscum album
var. coloratum agglutinin, VCA) was different from VAAs
in molecular weight, N-terminal amino acid sequence,
and structure. VCA has a molecular mass of 60 kDa,
consisting of a 31 kDa A chain and a 34 kDa B chain,
and binds preferentially to galactose and N-acetyl-Dgalactosamine[6-9]. VCA showed strong cytotoxic activity
against human and murine tumor cells[10]. VCA inhibited
telomerase activity, resulting in DNA fragmentation and
tumor cell apoptosis[11-13].
There are two major pathways for apoptosis: the
death receptor-induced pathway and the mitochondriaapoptosome-mediated pathway. The death receptorinduced apoptotic pathway includes ligands such as Fas,
tumor necrosis factor (TNF), and death receptor (DR)3
and their receptors and downstream molecules such as
caspases [14,15]. The mitochondria-apoptosome-mediated
pathway includes apoptotic stimuli induced by radiation
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or chemotherapy. The caspase cascade is activated by
the release of cytochrome c, which is initiated by the
formation of apoptosomes[15]. Cross-talk between these
two apoptotic pathways also exists [15,16] . Both VAAs
and VCA were shown to induce apoptosis of tumor
cells through the mitochondria-mediated pathway[17,18].
However, it is not known whether the death receptormediated apoptosis pathway is also involved in the killing
of tumor cells by VCA.
In this study, it was found that VCA treatment showed
a strong killing effect on COLO 320HSR (COLO) cells
both in vitro and in vivo. VCA treatment of COLO cells
resulted in the activation of caspase-2, -3, -8, and -9,
induced the degradation of Akt/protein kinase B (PKB)
and poly(ADP) ribose polymerase, and decreased the
expression of anti-apoptotic proteins such as receptorinteracting protein (RIP) and X-linked inhibitor of
apoptosis (XIAP). Antagonizing anti-tumor necrosis
factor receptor (TNFR)1 antibody treatment partially
inhibited the activation of caspases and apoptosis induced
by VCA. These results suggest that TNFR1, a component
of the death receptor-mediated apoptosis pathway, may
be involved, in part, in activating caspases, resulting in the
apoptosis of colon cancer cells by VCA.

MATERIALS AND METHODS
VCA and antibodies
VCA was extracted from Viscum album L. coloratum and the
biochemical properties were characterized as described
elsewhere [6,7]. Anti-phospho-Akt/PKB (Ser-473), antiAkt/PKB, anti-caspase-8, anti-caspase-9, and anti-XIAP
antibodies were purchased from New England Biolabs
(Beverly, CA). Anti-caspase-2, anti-RIP, anti-FasL, antiFas, and anti-caspase-3 antibodies were purchased from
BD Pharmingen (San Diego, CA). Anti-nuclear factor
(NF)- κ B, and anti-TNFR2 antibodies were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA). Antiβ-actin antibody was purchased from Sigma Chemicals
(St. Louis, MO). Anti-DR3 and anti-TNFR1 antibodies
were purchased from Stressgen Biotechnologies Corp.
(Victoria, BC, Canada). Activating anti-Fas antibody
(clone CH11) was purchased from Upstate Biotechnology
(Charlottesville, VA). Antagonizing anti-TNFR1 antibody
and DR3/Fc chimeric protein were purchased from R &
D Systems (Minneapolis, MN).
Cell culture
The COLO 320HSR colon cancer cell line (COLO),
human epidermoidal cancer cell line (A253), and human
diploid cell line from normal embryonic lung tissue
(WI-38) were obtained from American Type Culture
Collection (Rockville, MD). COLO cells and A253 cells
were maintained in RPMI 1640 medium supplemented
with 10% fetal bovine serum (FBS) and gentamycin (50
μg/mL). WI-38 cells were cultured in Minimum Eagle's
essential medium containing 2 mmol/L L-glutamine,
Earle's balanced salts, 0.1 mmol/L non-essential amino
acids, 1 mmol/L sodium pyruvate and 10% FBS with
antibiotics as above. Cells were cultured at 37℃ in a
www.wjgnet.com

May 28, 2007

Volume 13

Number 20

humidified atmosphere containing 5% CO2.
Viability test
3- (4, 5-Dimethylthiazol-2-yl) -2, 5-diphenyltetrazolium
bromide (MTT; Sigma Chemicals) was used to measure the
cytotoxic effect of VCA. Cells (2 × 104/well) were seeded
and cultured in 96-well plates for 24 h and treated with
various reagents. After treatment, 20 μL MTT (5 mg/mL)
was added and cells were incubated for 4 h at 37℃. After
removing the supernatant, the produced formazan crystals
were dissolved in dimethyl sulfoxide, and optical density
was measured at A570 nm and at A670 nm as reference
with a microplate reader (Thermo Labsystems, Helsinki,
Finland). The viability of the cells was calculated as: %
viability = (absorbance of treated cells)/(absorbance of
untreated cells) × 100.
FACS analysis
COLO cells were cultured with or without VCA for 9 h,
harvested, washed twice with PBS, and fixed with cold
70% ethanol at 4℃ overnight. Fixed cells were stored
in absolute alcohol until staining with propidium iodide.
Cells were washed twice with PBS and incubated with a
propidium iodide mixture containing 100 µg/mL RNase
A (Sigma Chemicals) and 50 µg/mL propidium iodide
(Sigma Chemicals) in PBS at 37℃ for 30 min in the dark.
The numbers of cells in various phases of the cell cycle or
undergoing apoptosis were determined by flow cytometry.
In vivo tumor-killing effect
Male CD1 nu/nu nude mice (5 wk old) were purchased
from Charles River (Wilmington, MA). Mice were adapted
for 1 wk before experiments and were allowed food and
water ad libitum during the experiments. COLO cells (1
× 107 cells/mouse) were subcutaneously injected into the
neck of nude mice. After 5 wk, the tumor-bearing mice
were injected with VCA (10 μg/kg in PBS; 30 μL/mouse)
around the tumor mass every 2 d for 5 wk. The use and
care of the animals in this study were approved by the
Animal Care Committee, Faculty of Medicine, University
of Calgary.
Western blot analysis
Cells cultured under various experimental conditions were
washed twice with ice-cold PBS and lysed in lysis buffer
containing 50 mmol/L Tris-HCl, pH 7.5, 150 mmol/L NaCl,
1 mmol/L EDTA, 0.5 mmol/L dithiothreitol, 1% NP-40,
0.05 mmol/L phenylmethylsulfonyl fluoride, phosphatase
inhibitor cocktail, and proteinase inhibitor cocktail (Sigma
Chemicals). After incubation for 30 min on ice, cell lysates
were centrifuged at 18 300 × g at 4℃ for 20 min. Protein
concentrations were determined using a protein assay kit (BioRad, Richmond, CA). Samples of cell lysate containing 50
μg of total protein were separated by 10%-12% SDS-PAGE
and transferred onto a polyvinylidene fluoride membrane
(Amersham Pharmacia Biotech, Buckinghamshire, UK).
After blocking with 5% skim milk in Tris-buffered saline
(50 mmol/L Tris-HCl, pH 7.6, 150 mmol/L NaCl, 0.05%
Tween-20), the membranes were incubated overnight at 4℃
with various primary antibodies and further incubated with
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Activation of caspase and inhibition of anti-apoptotic
proteins in COLO cells by VCA treatment
To examine the apoptosis of COLO cells by VCA, COLO
cells were treated with VCA for 12 h and the amount of
procaspase was examined by western blot. Treatment
of COLO cells with VCA decreased the amount of
procaspases-2, -3, -8, and -9 as compared with untreated
COLO cells, whereas VCA treatment of control WI38
cells did not change the amount of these procaspases
(Figure 3A), indicating that VCA treatment activates
caspases specifically in COLO tumor cells. To determine
the time-dependent activation of caspases, COLO cells
were treated with VCA and harvested at 0.5, 1, 3, 6, 9, and
12 h after treatment and western blots were performed
using antibodies specific for each procaspase. It was found
that cleaved products from procaspase-2, -3, -8, and -9
were detected from 6 h after VCA treatment and the
corresponding procaspase bands were almost completely
absent at 12 h after treatment (Figure 3B). These results
indicate that VCA treatment activated caspase-2, -3, -8,
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Ability of VCA to kill human colon cancer cells in vitro and
in vivo
To determine the cytotoxic effects of VCA on cancer
cells, COLO (colon cancer), A253 (epidermal cancer), and
WI-38 (normal) cells were treated with VCA for 24 h and
cell viability was examined by MTT assay. VCA showed
a strong killing effect on COLO cells, significantly less
on A253 cells, and no effect on WI-38 cells (Figure 1A).
COLO cells were treated with various doses of VCA for
various times and cell viability was examined by MTT
assay. A dose- and time-dependent killing effect could
be seen between 10 ng/mL and 100 ng/mL VCA, with
100 ng/mL showing the maximum effect (Figure 1B).
Propidium iodide staining and FACS analysis of VCAtreated COLO cells showed apoptosis in 64.7% of the
cells (Figure 1C). To determine whether VCA shows a
tumor-killing effect on colon cancer cells in vivo, COLO
cells were subcutaneously injected into the neck of 6-wkold male CD1 nu/nu mice. Five weeks later when tumors
developed, VCA or PBS, as a control, was injected into the
tumor every 2 d for 5 wk. We found that treatment with
VCA for 5 wk resulted in the killing of tumors (Figure
2A). All of the tumors treated with VCA disappeared and
were replaced by scar tissue, and this scar tissue healed in
mice kept for an additional 2 mo without further treatment
(Figure 2B). However, tumors remained in PBS-treated
mice (data not shown).

VCA 10 ng/mL

120
Cell viability (% of control)

RESULTS

VCA 0 ng/mL (control)
140

Cell viability (% of control)

Statistical analysis
The statistical significance of differences between groups
was analyzed by Student’s t-test. A level of P < 0.05 was
accepted as significant.

A

Cells

horseradish peroxidase-conjugated secondary antibodies
(Santa Cruz). The membranes were visualized by an enhanced
chemiluminescence detection kit (Amersham Pharmacia
Biotech).

2813

1.16

0 200 400 600 800 1000
FL2-A

400

64.7

200
0

0 200 400 600 800 1000
FL2-A

Figure 1 Cytotoxic effects of VCA on COLO cells in vitro. A: Cells were treated
with VCA for 24 h and cell viability was determined by MTT assay. Values are
mean ± SE; n = 4/group; B: COLO cells were incubated with the indicated
amounts of VCA for various times and cell viability was determined by MTT assay.
Values are mean ± SE, n = 5/group. aP < 0.05 vs control group; C: COLO cells
were treated with or without VCA (100 ng/mL) for 9 h. Cells were harvested, fixed
in ethanol, and stained with propidium iodide in the presence of RNase A. The
stained cells were analyzed by flow cytometry.

and -9 in a time-dependent manner.
To further determine the mechanisms of the apoptotic
pathway involved in VCA-induced killing of COLO cells,
we examined the expression of adaptor molecules of
death receptors and their downstream molecules, including
www.wjgnet.com
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Figure 2 Tumor-killing effect of VCA in
vivo. COLO cells (1 × 107 cells/mouse)
were injected into the neck of CD1 nude
mice. Five weeks later, VCA was injected
around the developed tumors every 2 d
for 5 wk. (A) The tumors were measured
at 0, 1, 3 and 5 wk after VCA treatment
and (B) were photographed at the end
of experiment. The size of the tumors
decreased (a-c) at 5 wk of treatment and
eventually disappeared at 2 mo after the
termination of VCA treatment (d).
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Figure 3 Activation of caspases in COLO cells treated with VCA. A: COLO and WI-38 cells were treated without (-) or with (+) VCA (100 ng/mL) for 12 h. Cell lysates
were prepared and western blots were performed using antibodies specific for each pro-caspase (PCas). Immunoreactive bands were visualized by chemiluminescence.
Representative western blots are shown (left panel). Each band was quantified and normalized against the internal control (®-actin). Normalized values were used to
calculate the relative expression of each procaspase as a percentage of PBS-treated WI-38 cells. WP: WI-38 cells treated with PBS, WV: WI-38 cells treated with VCA, CP:
COLO cells treated with PBS, CV: COLO cells treated with VCA. Values are mean±SE of three independent experiments (right panel). aP < 0.05 vs WP. cP < 0.05 vs CP;
B: COLO cells were treated without (-) or with (+) VCA (100 ng/mL) for various times and western blots were performed and quantified as described for (A). Representative
western blots of three independent experiments are shown (left panel). Each band was quantified and normalized against the internal control (®-actin). Normalized values
were used to calculate the relative expression of each procaspase as a percentage of COLO cells without VCA treatment at each time point (right panel).

RIP, Fas-associated death domain (FADD), NF-κB, Akt/
PKB, and XIAP, by western blot. The expression of RIP
and FADD started to decrease after 6 h of VCA treatment
and was correlated with a decreased expression of NF-κB,
Akt/PKB, and XIAP in COLO cells (Figure 4).
Involvement of TNFR1 in VCA-induced killing of COLO
cells
To determine whether death receptors are involved in
VCA-induced apoptosis of COLO cells, we examined the
expression of the death receptors TNFR1, TNFR2, DR3,
www.wjgnet.com

Fas, and FasL in COLO and WI-38 cells by western blot.
The expression of TNFR1, TNFR2, DR3, and FasL was
higher in COLO cells as compared with WI-38 cells. Fas
expression was not detected in either cell type (data not
shown). Treatment of COLO cells with VCA significantly
decreased the expression of TNFR2, but not TNFR1,
DR3, or FasL. Treatment of WI-38 cells with VCA did not
change the expression of these molecules (Figure 5A).
To determine which death receptor is involved in
VCA-induced apoptosis of COLO cells, the killing
effect of VCA on COLO cells was examined in the
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COLO cells. Treatment with DR3-Fc chimeric protein,
which inhibits the activation of DR3, did not affect the
cytotoxic effect of VCA on COLO cells (data not shown).
Treatment with antagonizing anti-TNFR1 antibody, which
blocks TNF- α -induced apoptosis, inhibited the killing
effect of VCA on COLO cells (Figure 5B).
Inhibition of caspase activation and subsequent apoptosis
in COLO cells by treatment with antagonizing TNFR1
antibody
To determine whether blocking TNFR1 inhibits VCAinduced activation of caspase-2, -3, -8, and -9, resulting
in the inhibition of apoptotic death of COLO cells, the
expression of the respective procaspases in VCA-treated
COLO cells was determined in the presence or absence of
antagonizing anti-TNFR1 antibody by western blot. AntiTNFR1 antibody significantly inhibited the activation of
caspase-8 and caspase-2, as shown by the inhibition of the
decrease of their respective procaspase, but not caspase
-3 or -9 (Figure 6A). VCA treatment of COLO cells
decreased the expression of anti-apoptotic molecules, such
as Akt/PKB and XIAP, and treatment with antagonizing
anti-TNFR1 antibody significantly inhibited this decrease
(Figure 6B).
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Figure 4 Decreased expression of anti-apoptotic molecules in COLO cells
treated with VCA. COLO cells were treated without (-) or with (+) VCA (100 ng/
mL) for the indicated times. Cell lysates were prepared and western blots were
performed using specific antibodies. Immunoreactive bands were visualized by
chemiluminescence. Representative western blots are shown (A). Each band was
quantified and normalized against the internal control (®-actin). Normalized values
were used to calculate the relative expression as a percentage of COLO cells
without VCA treatment at each time point (B). p-Akt: phosphorylated Akt. Results
are representative of three independent experiments.

presence or absence of agonists or antagonists of death
receptors. Treatment of COLO cells with activating antiFas antibody did not induce cell death or affect the killing
effect of VCA, which was expected as Fas is not expressed
in COLO cells (data not shown). In addition, anti-Fas
antibody did not affect the killing effects of VCA on

It was previously reported that Viscum album var. coloratum
agglutinin (VCA) had cytotoxic effects on cancer cells such
as hepatocarcinoma and HL-60 leukemia cells by inducing
apoptosis[12,18]. Consistent with this, it was found that VCA
selectively killed colon cancer cells (COLO 320HSR) in
vitro and in vivo, but not normal human diploid cells (WI-38).
However, the detailed molecular mechanisms involved in
the killing of tumor cells by VCA have not been clearly
elucidated. In this study, it was found that VCA-induced
apoptosis of colon cancer cells is due to the activation of
caspases and inhibition of anti-apoptotic proteins partly
through the TNFR1 signaling pathway.
Apoptotic morphological and biochemical changes,
including chromatin condensation, degradation of
chromosomal DNA, and membrane blebbing[19-21], occur
after a cascade of cell signaling and caspase-mediated
events that regulate pro-apoptotic and anti-apoptotic
proteins [14,22,23] . Apoptosis is trig gered by two major
pathways: the death-receptor-induced apoptotic pathway
and the mitochondria-apoptosome-mediated apoptotic
pathway [14] . Both of these pathways lead to caspase
activation and cleavage of specific cellular substrates[14,15].
Inhibitors of apoptotic proteins such as XIAP, cellular
inhibitor of apoptosis proteins, phosphatidylinositol
3-kinase, Akt/PKB, NF- κ B, and heat shock proteins
can interact with caspases and inhibit apoptosis[15]. We
examined the activation of caspases in VCA-treated
COLO cells and found that caspase-2, -3, -8, and -9 were
activated as compared with PBS-treated COLO cells.
While the activation of caspases is critical for
the induction of apoptosis [23,24]. The degradation of
anti-apoptotic proteins such as RIP, Akt/PKB, and XIAP
can accelerate the death of cancer cells. Consistent with
previous work[14], the present study found that treatment of
www.wjgnet.com
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ng/mL) for 12 h, cell lysates were prepared, and western blots were performed using specific antibodies. Immunoreactive bands were visualized by chemiluminescence.
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COLO cells with VCA significantly decreased the amount
of RIP, Akt/PKB, and XIAP. The cytotoxic effects of
VCA on COLO cells was more rapid and intense in serumfree media (data not shown), probably due to the absence
of survival signals mediated by the Akt/PKB pathway by
growth factors in serum-containing media. These results
support the hypothesis that degradation of anti-apoptotic
proteins by VCA treatment contributes to the induction of
apoptosis in COLO cells.
It was previously reported that the activation of
caspase-8 by VAAs, European mistletoe lectins, was
www.wjgnet.com
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caspase activation and VCA-induced
decrease of anti-apoptotic molecules
in COLO cells treated with anti-TNFR1
antibody. COLO cells were treated
without (-) or with (+) VCA (100 ng/mL)
for 12 h in the presence (+) or absence
(-) of anti-TNFR1 antibody (α-TNFR1, 10
μg/mL). Cell lysates were prepared and
western blot was performed using specific
antibodies for (A) various procaspases
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Immunoreactive bands were visualized
by chemiluminescence. Representative
western blot is shown (left panels). Each
band was quantified and normalized
against the density of the internal control
(actin). Normalized values were used
to calculate the relative expression as a
percentage of COLO cells without VCA or
anti-TNFR1 antibody treatment. Values
are mean ± SE of three independent
experiments (right panels). aP < 0.05 vs
VCA-treated cells without anti-TNFR1.
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not mediated by death receptors [17] . Transfection of
a dominant-negative FADD into BJAB cells did not
affect the induction of apoptosis by VAAs, suggesting
that VAAs trigger a mitochondria-mediated apoptotic
pathway[17]. In our study, it was found that VCA treatment
activated caspase-2, -3 and -8, which are mediated by
death receptors[15,16,25], and caspase-2 and -9, which are
mediated by the mitochondrial pathway[25-27]. Therefore,
VCA appears to induce activation of caspases by both
mitochondria-mediated and death receptor-mediated
pathways. VCA, from Korean mistletoe, and mistletoe
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lectin (ML) Ⅱ, an isotype of VAAs from European
mistletoe, have the same sugar-binding characteristics;
however, the structures of these lectins are different.
Variations in VAAs (MLⅠ, ML Ⅱ, and ML Ⅲ) result from
different degrees of glycosylation[28], whereas variations in
VCA result from amino acid sequence variation in the A
and B chains, which are 10%-27% different from ML[29].
These differences in amino acid sequence may result in
different cytotoxic mechanisms between VCA and VAAs.
COLO cells were found to express a high level of
the death receptors TNFR1, TNFR2, and DR3, but did
not express Fas. The expression of FasL was also high in
COLO cells, probably as a mechanism to escape immune
attack [30]. The expression of TNFR2 was decreased in
COLO cells by VCA treatment, suggesting that VCA may
inhibit survival signals through TNFR2, since TNFR2
mediates both survival and apoptotic signals[25,31]. However,
this should be addressed further. To determine if any
of these death receptors is involved in VCA-induced
apoptosis of COLO cells, we activated or inhibited their
signaling pathways in VCA-treated COLO cells using
antibodies. Activating anti-Fas antibody did not affect the
viability of COLO cells, as expected by the absence of Fas
in these cells. Since DR3 is expressed on COLO cells, VCA
may bind to DR3 and trigger apoptotic signals, resulting in
cell death. Thus, DR3-Fc chimeric protein, which binds to
the DR3 ligand and inhibits DR3-mediated apoptosis, was
used to determine whether VCA-mediated apoptosis could
be inhibited by blocking the interaction between VCA and
DR3. DR3-Fc chimeric protein did not affect the cytotoxic
effect of VCA on COLO cells.
TNF-α induced apoptosis of COLO cells sensitized
with actinomycin D (data not shown)[32], indicating a role
for TNFR in apoptosis of COLO cells. In our study,
antagonizing anti-TNFR1 inhibited the cytotoxicity of
VCA in COLO cells, suggesting that the TNFR1 pathway
is involved in VCA-induced cell death. This antibody
also inhibited VCA-induced apoptosis and activation
of caspase-8 and -2, confirming the involvement of
TNFR1 in VCA-induced apoptosis. This finding is
supported by previous reports that TNFR1 induces both
receptor-mediated (activation of caspase -3 and -8) and
mitochondria-mediated (activation of caspase -2 and
-9) apoptosis[16,25]. The exact mechanism by which VCA
activates TNFR1 is not known; however, VCA was coprecipitated when TNFR1 was immunoprecipitated with
TNFR1 antibody in VCA-treated COLO cells (unpublished
data). Thus, we speculate that VCA might bind to TNFR1
and trigger cell death. This mechanism needs further
investigation. Based on the results obtained in this study,
we suggest that VCA may induce the activation of the
TNFR1 signal transduction pathway, which contributes, in
part, to the activation of caspases and degradation of antiapoptotic molecules, resulting in the death of colon cancer
cells.
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INTRODUCTION
Abstract
AIM: To correlate the significance of liver biochemical
tests in diagnosing post orthotopic liver transplantation
(OLT) biliary complications and to study their profile
before and after endoscopic therapy.
METHODS: Patients who developed biliary complications
were analysed in detail for the clinical information,
laboratory tests, treatment offered, response to it,
follow up and outcomes. The profile of liver enzymes
was determined. The safety, efficacy and outcomes of
endoscopic retrograde cholangiography (ERC) were also
analysed.
RESULTS: 40 patients required ERC for 70 biliary
complications. GGT was found to be > 3 times (388.1
± 70.9 U/mL vs 168.5 ± 34.2 U/L, P = 0.007) and SAP
> 2 times (345.1 ± 59.1 U/L vs 152.7 ± 21.4 U/L, P =
0.003) the immediate post OLT values. Most frequent
complication was isolated anastomotic strictures in 28 (40%).
Sustained success was achieved in 26 (81%) patients.
CONCLUSION: Biliary complications still remain an
important problem post OLT. SAP and GGT can be
used as early, non-invasive markers for diagnosis and
also to assess the adequacy of therapy. Endoscopic
management is usually effective in treating the majority
of these biliary complications.
© 2007 The WJG Press. All rights reserved.
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Chronic liver diseases are an important cause of morbidity
and mortality, the impact of which can be judged by the
mortality rates due to these diseases. The highest deaths
rates per 100 000 populations (in Europe) from chronic
liver disease have been reported from Austria (37.9) while
the lowest are those from Iceland (0.9)[1].
Only a small fraction of these patients with end stage
liver disease end up obtaining a suitable liver transplant.
Despite standardization of biliary reconstruction, biliary
complications after orthotopic liver transplantation (OLT)
occur in 7% to 51% of cases and are an important cause
of early and late postoperative morbidity and mortality[2-11].
The commonest are bile duct strictures and biliary leaks.
The biliary anastomosis has been rightly termed the
‘Achilles’ heel’ of the OLT. Early diagnosis, followed by
prompt and adequate treatment of biliary complications
will not only reduce the unnecessary diagnostic procedures
but will also be necessar y to reduce hospital stays,
morbidity, mortality and to improve outcomes related to
OLT. Some of these patients may ultimately experience
graft loss. Diagnosing and localizing these obstructive
biliary complications post OLT could be very challenging
to the clinician because of following reasons: (1) hepatic
denervation leading to right upper quadrant abdominal
pain, which is normally a feature of Charcot's triad is
usually not seen in these patients[12], (2) clinical symptoms
that may be non-specific like fever, anorexia etc., (3)
recurrence of the underlying pretransplant liver illnesses
(like HBV, HCV reactivation, PSC recurrence etc.) or
graft rejection which could lead to the elevation of
liver biochemical parameters and can be misleading, (4)
www.wjgnet.com
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epithelial casts fill up the biliary system thus making its
visualization difficult by indirect imaging e.g. USG/CT
scan, (5) the time for the biliary system to dilate upstream
after being obstructed as compared to that of native biliary
system.
Direct cholangiography by endoscopic retrograde
cholangiography (ERC) or PTC still remains the gold
standard to diagnose biliary complications; however it is
an invasive procedure associated with morbidity. There
are multitudes of studies reporting the role of endoscopy
in diagnosis and management of biliary complications.
Shah, et al[13] demonstrated ERC to have a sensitivity and
specificity of 53% and 98%; respectively in predicting
overall biliary complications post OLT. But there is a
scarcity of information in the literature evaluating the
significance of serum levels of liver biochemistry panels,
i.e. AST (aspartate aminotransferase), ALT (alanine
aminotransferase), gamma glutamyl transferase (GGT), and
serum alkaline phosphatase (SAP) in diagnosing these biliary
complications. The present study had the primary aim to
analyse the significance of deranged liver biochemistry for
early suspicion of biliary complications, and also to study
their profile during post endoscopic therapy and follow up.
Biliary complications post OLT are usually evaluated
and treated now-a-days by ERC or by percutaneous
transhepatic biliary drainage (PTBD); surgical intervention
(including placement of T tube drainage)[14] is reserved for
lesions not managed by the above 2 techniques. ERC being
the less invasive and safer intervention is generally the
preferred mode of management[2,3,15,16]. The secondary aim
of this study was to study the efficacy, safety and outcomes
of ERC in diagnosing and managing biliary complications
post OLT from our centre.

MATERIALS AND METHODS
This study included 162 patients (109 males, age 52 ±
10 years; 53 females, age 49 ± 14 years) who underwent
OLT between 1994 and 2004, 84 of these patients were
transplanted between January 2002 through December
2004, and who were followed up regularly at Frankfurt
Liver Transplantation Center. The mean time since OLT
was 3 ± 2 years. Indications for OLT were as depicted
in Figure 1. 154 patients received biliary continuity
by choledocho-choledochostomy (40 with side-toside technique and 114 with end to side technique).
Eight patients underwent OLT with primary biliary
reconstruction by Roux-en-Y choledocho-jejunostomy.
Routine measurements for liver biochemistry (ALT,
AST, GGT, AP, and bilirubin) were performed in all
patients being followed up post OLT at our centre, and
also before and after initial ERC and on subsequent visits
thereafter. Rise in values of these liver biochemical tests
were further evaluated by doing ultrasonography (USG).
All these patients except for those with obvious biliary
leak underwent liver biopsy to exclude rejection and or
reinfection of graft with hepatitis B or C virus. This
was followed by cholangiography which was performed
through the T tube, if present at the time of occurrence
of biliary complications (as usually it is removed 6
wk post transplantation), ERC or PTC (if ERC had
www.wjgnet.com
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Figure 1 Indications of OLT.

failed or was not technically feasible e.g. patients with
cholecystojejeunostomy). ERC was carried out under
standard conditions with Propofol and midazolam
sedation. All the patients received preprocedure antibiotic
prophylaxis 30 min before ERC with intravenous infusion
of 500 mg ciprofloxacin. The diagnosis made by ERC,
methods of therapeutic inter vention, success rates
and complications were analyzed. Centre practice of
endoscopic treatment for post OLT biliary complications
has been biliary sphincterotomy, balloon dilatation,
placement of single or multiple (if indicated) plastic
biliary endoprosthesis [routinely 10 French (F)]. Balloon
dilatation of the stricture was done using 6-8 mm biliary
balloon dilator (Maxforce; Microvasive Boston Scientific,
Ireland). Fluoroscopic image of duodenoscope was
used as the rough guide to assess the diameter of bile
duct and the stricture. Dilatation is started with a 6 mm
balloon and was upsized until attainment of adequate
dilatation which is judged by disappearance of waist of
dilating balloon under fluoroscopy control. The pressure
used for dilation was 6-8 ATM/BAR for 2 min. Before
placing all 10 F biliary endoprosthesis (stent), standard
endoscopic biliary sphincterotomy was performed. On
individual basis, patient’s biliary strictures (anastomotic
and non anastomotic e.g. ITBL) were treated sequentially
with balloon dilation and/or consecutive stent placement.
Those patients with biliary stents underwent elective biliary
stent exchange every 10-12 wk for 12 mo. All patients were
followed up regularly (every 3 mo) for signs and symptoms
suggesting recurrence of biliary tract complications and
other relevant issues associated with liver transplant
throughout the study period. Success of the therapy
performed was primarily assessed by evaluating the serum
levels of liver biochemistry panel and secondarily on
cholangiography of these biliary lesions before and after
endoscopic treatment. PTBD was resorted to in cases of
ERC failures (inability to reach the papilla endoscopically),
which were performed by the endoscopists themselves.
Statistical analysis
Continuous variables are reported as medians and ranges.
Categorical and continuous variables were compared by
using the Fisher’s exact test and Wilcoxon rank-sum test as
appropriate[17]. P values of 0.05 or less were considered as
significant.

RESULTS
Out of all patients undergoing OLT, 40 (24.7%) underwent
ERC to diagnose and treat biliary complications. The
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Table 1 Liver biochemical profile in 40 Patients with biliary complications post OLT depending on time of presentation [Median, (range); mean ± SD]
Liver biochemical
parameters

Post OLT / before any biliary On the day of presentation Ist Follow-up (avg-1 mo) after
complication
endoscopic therapy

IInd Follow-up (avg-3 mo) after
endoscopic therapy

Bilirubin, mg/dL (< 1.3)

1.3
(0.5-13.7)
2.8 ± 0.6
3.3
1.1
1.1
0.8
22.5
(6.0-378.0)
54.4 ± 14.1
37
19
20
17
26.5
(4.0-126.0)
98.8 ± 22.0
125
97
26
19
74.5
(14.0-182.0)
168.5 ± 34.2
152
82
45
39
107

1.3
(0.4-35.0)
5.1 ± 1.3
4.2
1
1.2
1
48.5
(8.0-313.0)
75.4 ± 12.2
64
40
46
40
90.5
(4.0-891.0)
145.7 ± 33.1
102
89
97
58
236
(19.0-1748.0)
388.1 ± 70.9
296
157
367
182
242

0.9
(0.3-29.0)
2.8 ± 1.0
1.2
0.7
0.9
1.2
20.5
(4.0-179.0)
38.8 ± 6.5
18
18
20
34
30
(4.0-216.0)
46.1 ± 8.0
23
32
24
37
123
(9.0-1697.0)
282.2 + 63.9
123
96
103
235
141

1
(0.4-26.2)
3.0 ± 1.0
1.4
0.7
0.7
1.1
29.5
(12.0-142.0)
42.3 ± 5.7
25
20
25
38
24
(5.0-142.0)
37.2 ± 5.7
25
23
24
30
117
(9.0-1294.0)
233.4 ± 60.4
54
38
63
266
127.5

(24.0-671.0)
152.7 ± 21.4
107
130
75
107

(32.0-1799.0)
345.1 ± 59.1
240
100
244
263

(47.0-1435.0)
270.7 ± 51.3
144
138
125
286

(46.0-1267.0)
287.3 ± 53.8
120
117
110
423

< 30 d
1-3 mo
4-12 mo
> 12 mo
AST, U/L (< 32)

< 30 d
1-3 mo
4-12 mo
> 12 mo
ALT, U/L (< 31)

< 30 d
1-3 mo
4-12 mo
> 12 mo
GGT, U/L (< 38)

< 30 d
1-3 mo
4-12 mo
> 12 mo
Alkaline phosphatase,
U/L (< 104)

< 30 d
1-3 mo
4-12 mo
> 12 mo

median time between OLT and the first suspicion of
biliary complications was 10 mo (range-1 to 54 mo).
The relevant liver biochemistry panel along with its
time profile is summarized in Table 1. The initially elevated
values of bilirubin, AST and ALT might be caused by
ongoing reperfusion injury after OLT and/or early viral
re-infection of the transplant or rejection (which was ruled
out by performing liver biopsy). In patients presenting
with biliary complications it was found that GGT values
were found to be > 3 times (388.1 ± 70.9 U/mL vs 168.5
± 34.2 U/L, P = 0.007) and SAP values > 2 times (345.1 ±
59.1 U/L vs 152.7 ± 21.4 U/L, P = 0.003) the immediate
post OLT values. In the subgroup of patients with an early
onset (≤ 3 mo) of biliary complications a normalisation of
GGT and SAP at the end of treatment could be achieved.
In contrast the group of patients with late onset (> 3 mo)
of biliary complications showed no normalisation in SAP
and GGT, although sufficient decrease in laboratory values
was obvious as compared to these values before treatment.
70 different biliary tract complications were identified
in these 40 patients. 20 (50%) patients developed only
one biliar y complication post OLT whereas in 14
(35%) patients two types of complications were seen
and the remaining 6 (15%) patients had more than two
complications. The number and type of complications are

Table 2 Type and number of complications in patients post OLT
(n = 40)
No. of complications

No. of patients

Type of complication

1

20

2

14

>2

6

10 biliary leakage (50%), 7
anastomotic strictures(35%),
1 vanishing bile duct
syndrome,ITBL, and abscess
(5%) each
5 anastomotic strictures
and biliary leakage (36%), 5
anastomotic strictures and ITBL
(36%), 4 other combinations
(28%)
2 anastomotic strictures
and stones and secondary
chonlangitis (33%), 4 other
combinations (66%)

shown in Table 2.
Due to our experience and with regard to ERC
findings, spectrum of biliary tract complications along
with their treatment is classified as shown in Table 3.
The most frequently diagnosed complication was isolated
anastomotic stricture (IAS) in 24 (40%) of the patients.
Upon analysing the complications on time profile,
maximum number 22 (31.4%) were seen between 4-12
www.wjgnet.com
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Table 3 Spectrum of biliary tract complications (n = 70) and their
treatment post OLT
Classification

No. of
Type of treatment
complications n (%)
Isolated bile leak
17 (24.3)
Stent +/- Stent exchange
PTBD (2 patients)
Primary re-operation (3 patients)
Isolated anastomotic
28 (40)
Stent +/- Stent exchange
stricture
Multiple stenting
Bougienage, Balloon dilatation
PTBD (2 patients)
Primary re-operation (1 patients)
Ischemic type biliary
6 (8.6)
Stent +/- Stent exchange
lesion (ITBL)
Bougienage, Balloon dilatation
Miscellaneous
19 (27.1)
Stent +/- Stent exchange
Stones
7 (10)
Multiple stenting
Vanishing bile duct
2 (2.8)
Bougienage, Balloon dilatation
Syndrome
Stone extraction
Ductopenic rejection 1 (1.4)
Absecss
5 (7.1)
Secondary cholangitis 2 (2.8)
Ampullary
2 (2.8)
dyskinesia (SOD)

May 28, 2007
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Figure 2 Type of complications related to time post OLT.
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SOD: sphincter of Oddi; PTBD: percutaneous transhepatic biliary drainage.

Table 4 Type of complications related to time post OLT
Time elapsed
between OLD &
complication

No. of
complication

≤ 30 d

20
13
22
15
70

1-3 mo
4-12 mo
> 12 mo
Total

Type of complication (%)
IBL
IAS
ITBL
Misc.
11 (55.0) 7 (35.0) 1 (5.0)
1 (5.0)
5 (38.5) 4 (30.1) 1 (7.7)
3 (23.0)
1 (4.5) 11 (50.0) 2 (9.0)
8 (36.4)
6 (40.0) 2 (13.3)
7 (46.7)
17 (24.3) 28 (40.0) 6 (8.6)
19 (27.1)

IBL: isolated bile leak; IAS: isolated anastomotic stricture; ITBL: ischemic
type biliary lesion; Misc.: miscellaneous.

mo post OLT and amongst them IAS was the commonest
one (Table 4 and Figure 2). Out of 6 ITBL patients 2 had
hepatic artery thrombosis.
32 patients were treated endoscopically, 4 patients were
treated via the percutaneous route while 4 patients had to
be referred back for surgery. Nasobiliary drain (NBD) was
placed in 4 patients and in 7 patients we had to resort to
multiple 10 F biliary stent placements (2 stents).
Out of 32 endoscopically treated patients sustained
success was achieved in 26 (81%) of cases and failure in
6 (19%). From this failed group, 3 patients needed to be
re-operated upon with surgical revision of anastomosis,
one died while waiting for retransplantation (because
of intracerebral bleed), two are still under endoscopic
treatment and out of these, 1 young patient with severe
ITBL had a co-existent development of advanced lung
carcinoma and therefore is unfit for retransplantation.
To d a t e, n o n e o f t h e s e p a t i e n t s h a d u n d e r g o n e
retransplantation.
Total numbers of ERC performed were 302. Number
of ERCs performed per patient ranged from 2 to 35,
in 23 (72%) patients up to 4 ERCs were needed, and in
the remaining 9 (28%) patients more than 4 ERCs were
www.wjgnet.com
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Figure 3 A patient with recurrent intrahepatic stones had a jejunal stoma made
so as to reach the bilio-enteric anastomosis endoscopically. A: Jejunal stoma; B:
Endoscopic view of the bilioenteric anastomosis; C: Fluoroscopic film after stone
extraction.

needed to achieve sustained success. There were 5 (1.65%)
ERC related complications, 2 patients had mild pancreatitis
i.e. abdominal pain with elevation of amylase and lipase
(3 times the upper limit of normal) and only required
conservative management including intravenous fluid
and bowel rest. 3 patients presented with gastrointestinal
bleeding from biliary sphincterotomy, out of which 1
required 2 units of blood transfusion whereas other 2
settled with endoscopic injection of epinephrine. There
was no procedure related death.
31 (27.1%) out of 114 patients with end to end
anastomosis, 4 (10%) of 40 patients with side to side
anastomosis and 5 (62.5%) out of 8 with Roux en Y
anastomosis developed biliary complications. All the 3
patients with total thrombosis of hepatic artery later
developed IAS.
Late bile leaks are quite rare and we encountered only
1 patient presenting with this complication in the 5th
month post OLT. Patient developed abscess and secondary
cholangitis for which hepaticojejunostomy had to be
performed.
7 (10%) patients had choledocholithiasis, most of
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which was late complication developing mean 11.1 mo
(range 3-26 mo) post OLT. 6 of these had anastomotic
stricture distal to the stone which was dilated prior to
stone extraction.
1 patient presenting with biliary abscess had bile leak
communicating with biliary system so was managed with
ERC sphincterotomy and drainage. Another 3 patients
with liver abscess underwent CT-guided drainage while the
one with late bile leak needed hepaticojejunostomy.

DISCUSSION
Various serum cholestasis indicating liver enzymes have
been used to predict early outcomes post OLT[18]. However
there are mixed results about their utility in predicting
biliary complications. One study reported that these noninvasive blood tests are often not sensitive and accurate
enough to detect any biliary complications post OLT[12].
While Hintze, et al[19] had shown in 1999 that ITBLs may
be diagnosed using alkaline phosphatase levels. Zoepf
et al[20] found that liver biochemical values do provide a clue
towards the existence of post transplant biliary strictures
but they further stated that it is of no help in differentiating
various lesions like IAS or ITBLs. The drawback of
their study design was that they performed biochemical
values at the point of presentation of complications and
it was not a continuum like in the present study in which
these tests were performed immediately after OLT and
thereafter regularly on every follow up and also before
and after endoscopic interventions. In fact, ours is the first
study in which such a detailed and systematic analysis of
liver biochemical values have been reported in post OLT
patients.
Contrary to the understanding we found GGT and
SAP to be quite sensitive in predicting biliary complications
on the other hand liver transaminases (AST\ALT) and
bilirubin were not of any clinical significance in diagnosing
these complications. Also there was significant fall in
serum levels of SAP and GGT following endoscopic
therapy to about 0.5 and 0.6 times the preprocedure levels
respectively but not that of serum bilirubin. This was also
reported by Mahajani et al[21]. Thus GGT and SAP can be
used as early, non-invasive and inexpensive markers for
diagnosing biliary complications post OLT and can also
be used to assess adequacy of endoscopic treatment in the
group of patients presenting early (≤ 3 mo).
Abdominal USG is a non invasive, easily available,
portable and an economical modality for imaging.
However it has low sensitivity (59%-68%)[20] and specificity; and also it has been shown to be a poor diagnostic
technique to detect biliary obstruction post transplant
unlike in non transplant population. It has been shown
to have a sensitivity of around 50% in diagnosing
biliary congestion[22-24]. Various reasons, like acute onset
occlusion not allowing sufficient time to allow dilatation
of prestenotic biliary duct[22-24], inability to assess biliary
dimensions secondary to their filling with epithelial casts[20]
etc. have been implicated in this shortcoming of USG.
Although MRI and MRCP are highly sensitive and
specific[25] modalities to diagnose biliary complications
and have been shown to be the most accurate indirect
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techniques to do so [20] . However they have certain
drawbacks; expensive, not available at all the centres, will
not be practically feasible to repeat during each follow up,
contraindicated in certain patient groups (metallic implants,
pacemakers etc.) and last but not the least, inability to
perform any therapeutic intervention.
One of the studies has reported the occurrence of
one third of all biliary complications within a month post
OLT[4] which was 28.5% in our study.
IBL has been reported to occur in the range of
1%-25% of patients post OLT[9,26]. It has been arbitrarily
subdivided in the literature in to, early-presenting within
1-3 mo and late- beyond 3 mo. IBL was found in 17 (24.3%)
of our patients, 11 (64.7%) presented early within 1 mo
while 5 (35.3%) manifested within 3 mo post OLT. ERC
plus placement of biliary endoprosthesis with or without
endoscopic sphincterotomy has been shown to achieve a
success rate of over 90%[7,27,28] in treating IBL. We failed
to treat bile leakage in 1 patient (success rate 95.5%)
while 3 other patients were shown to have complete
dissociation and necrosis of common bile duct on ERC,
hence were not considered for endoscopic therapy. These
patients were managed with wide surgical debridement of
necrotic and infected tissue and conversion to bilio-enteric
anastomosis, similar to the management done in previous
studies also[26,29,30].
Placement of T tube during OLT is still a controversial
issue. There are conflicting results about it in 3 different
studies. Two of them demonstrated nearly double the
rate of complications in the T tube group as against
those without it (33% vs 15.5%)[31,32]. However the third
one showed that T tube prevented development of
anastomotic strictures, 3.3% vs 20% in the group with and
without T tube respectively[33]. Pending this issue we still
use a T tube in all of our patients undergoing OLT.
IAS are the most common late complications of OLT
and usually follow IBL in chronology[4,28]. Biliary strictures
are usually seen in about 3-14% of all OLT and could
constitute up to 40% of total biliary complications[4,9,34,35].
It constituted 28 (40%) of biliary complications in our
patient group and half of these presented between 4-12
mo post OLT. Use of ERC for treating anastomotic
stricture in older studies had been disappointing [36,37],
however newer studies have reported the efficacy of
endoscopic and percutaneous approaches in managing
these complications [5,36,38-40]. 2 failures of endoscopic
treatment for anastomotic stricture in the present study
had to undergo hepaticojejunostomy after 7 and 8 mo of
OLT. Our success rate of 81% lies between 70%-100% as
has been reported in previous studies[21,39,41].
The severity and number of these anastomotic
strictures will increase in coming times as more and more
complex biliary anastomoses are being performed (living
donor, split liver transplant, etc)[42-45], mainly because of
widening gap of demand and supply of the organ. This
would pose tougher challenges to endoscopists in future.
Though there are reports of placement of self expandable
metal stents[46,47] we did not place it in any of our patient as
it is a controversial therapy in present scenario. It may lead
to difficulties in performing surgeries later, if required and
also usually undergoes stent blockages which are difficult
www.wjgnet.com
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to manage. Recently one of the studies has reported
placement of T-tube drainage for biliary strictures in
patients with failed endoscopic or percutaneous therapy[14].
Though the exact cause for ITBL is not known but
has been postulated to be secondary to microcirculatory
problems like ischemia-reperfusion injury. It was a late
complication occurring after a mean time period of 33.8
mo (range-1 to 95 mo) post OLT and was observed in 6
(8.6%) which is comparable to the quoted figure of 2.5-19%
in the literature[19,48]. They have been found difficult to
treat endoscopically or by PTC[26,29] so was the case in our
experience. Out of 6 patients with ITBL, 4 (66%) could be
treated successfully, 1 had to undergo surgery while another
one had an interesting clinical course. After 5 ERC with
balloon dilatation and biliary stent placement with only
partial relief, the patient underwent hepaticojejunostomy.
This patient had excessively lithogenic bile and presented
within few months with intrahepatic stones and secondary
cholangitis. To prevent repeated surgeries for the same,
a jejunal stoma (Figure 3) was created so as to reach the
biliary-enteric anastomosis easily using the endoscope.
Presently the patient gets routine endoscopy through the
stoma for removal of biliary stones and sludge and for
thorough flushing of the biliary tree every 3-4 mo and
thus is saved from retransplantation and has undergone 74
endoscopic procedures till date in last 14 years.
Two (1.4 %) of all patients undergoing OLT manifested with significant dilatation of the bile duct, elevated
liver biochemistry but no evidence of obvious obstruction
on cholangiography which responded to endoscopic
sphincterotomy. This was most probably papillar y
dyskinesia or sphincter of Oddi dysfunction. It has been
reported to occur in 0-7% of patients[12,49,50]. We did not
perform biliary manometry in any of these patients to
prove it. 1 patient had partial biliary cast.
In conclusion, biliary complications still remain
an important problem in liver transplant recipients. A
multidisciplinary approach is required to manage them.
Serum GGT and SAP should be closely monitored and
can be used as an early, non invasive and cheap markers
for diagnosing post OLT biliary complications. They can
also be of great help during follow up after endoscopic
therapy and correlate with adequacy of therapy in patients
presenting with early onset (< 3 mo) biliary complications
post OLT. Endoscopic therapy is usually effective in
managing majority of these complications but may require
multiple procedures especially to treat strictures. Surgical
intervention is required only in a few selected cases. There
is a definite need of prospective multicenter studies to
further evaluate the role of liver biochemical markers in
predicting biliary complications post OLT.
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Abstract
AIM: To compare the anti-inflammatory properties of
butyrate with two other SCFAs, namely acetate and
propionate, which have less well-documented effects on
inflammation.
METHODS: The effect of SCFAs on cytokine release
from human neutrophils was studied with ELISA. SCFAdependent modulation of NF-κB reporter activity was
assessed in the human colon adenocarcinoma cell
line, Colo320DM. Finally, the effect of SCFAs on gene
expression and cytokine release, measured with RT-PCR
and ELISA, respectively, was studied in mouse colon
organ cultures established from colitic mice.
RESULTS: Acetate, propionate and butyrate at 30
mmol/L decreased LPS-stimulated TNFα release from
neutrophils, without affecting IL-8 protein release.
All SCFAs dose dependently inhibited NF-κB reporter
activity in Colo320DM cells. Propionate dose-dependently
suppressed IL-6 mRNA and protein release from colon
organ cultures and comparative studies revealed that
propionate and butyrate at 30 mmol/L caused a strong
inhibition of immune-related gene expression, whereas
acetate was less effective. A similar inhibition was
achieved with the proteasome inhibitor MG-132, but not
the p38 MAPK inhibitor SB203580. All SCFAs decreased
IL-6 protein release from organ cultures.
CONCLUSION: In the present study propionate and
butyrate were equipotent, whereas acetate was less
effective, at suppressing NF-κB reporter activity,
immune-related gene expression and cytokine release
in vitro . Our findings suggest that propionate and
acetate, in addition to butyrate, could be useful in the
treatment of inflammatory disorders, including IBD.
© 2007 The WJG Press. All rights reserved.
www.wjgnet.com
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INTRODUCTION
Inflammatory bowel diseases (IBD), Crohn’s disease and
ulcerative colitis, are chronic inflammatory disorders of
the gastrointestinal tract which withstand strong influence
from both genetic and environmental factors [1] . A
dysfunctional mucosal barrier combined with an aberrant
mucosal tolerance to pathogens and/or components of
the endogenous intestinal flora, is suggested to be an
important cause of IBD.
The chronic inflammation that is a hallmark of IBD
results from the recruitment and activation of immune
cells from the circulation. These in turn release proinflammatory cytokines locally in the submucosa, including
members of the interleukin (IL) family and tumour
necrosis factor-alpha (TNFα), which play a key role in the
pathogenesis of IBD[2,3]. Cytokine signalling leads to the
activation of two major inflammatory signalling pathways,
the nuclear factor kappa B (NF-κB) and mitogen activated
protein kinase (MAPK) pathways, which both have
been found to be active in mucosal biopsy specimens
from patients with IBD[4,5]. As expected, these signalling
pathways are important down-stream targets for current
therapies including steroids and immunomodulating drugs
such as azathioprine and 6-mercaptopurine. However,
these current therapies are also associated with side effects
and accordingly, there is a great need for alternative
remedies.
Dietary fibres are complex carbohydrates, which serve
as substrates for anaerobic fermentation by bacteria in
the colon. Fermentation gives rise to three major luminal
Short-Chain Fatty Acids (SCFAs): acetate, propionate, and
butyrate[6]. SCFAs readily reach millimolar concentrations
in the colonic lumen[7,8] from which they are absorbed by
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passive and active transport over the epithelium[7]. Butyrate
is considered to be the preferred source of energy for
colonocytes[9], and is to a major extent metabolized by
these cells[7,10,11]. Butyrate is, by far, the most extensively
studied SCFA, and its anti-inflammatory capacity is well
documented both in vitro and in vivo. Importantly, several
clinical studies demonstrate beneficial effects of butyrate
in IBD[12-14]. The exact mechanism of action of butyrate
on inflammation is only partially understood. Recently,
several reports have been published describing inhibitory
effects of butyrate on NF-κB, one of the key transcription
factors regulating genes implicated in innate immunity, cell
cycle control and apoptosis[15,16].
The production of acetate, propionate and butyrate
occurs in the molar ratio of approximately 60: 20: 20[17].
Thus, acetate can be considered the predominant SCFA in
the colon. However, with regard to inflammation, little is
known about acetate and propionate relative to the wellestablished anti-inflammatory properties of butyrate.
The purpose of this study was therefore to investigate
and compare the in vitro anti-inflammatory properties of
SCFAs in model systems relevant to IBD.

MATERIALS AND METHODS
Cell culture
Human neutrophils were isolated from whole blood
of healthy donors through density gradient separation
with PolymorphprepTM according to the manufacturer's
instructions (AXIS-SHIELD PoC AS, Oslo, Norway).
Briefly, fresh citrate-anticoagulated blood was layered over
an equal volume of PolymorphprepTM and centrifuged at
500 × g for 30 min. The granulocyte fraction was selected
and washed with PBS (Sigma) followed by removal of
erythrocytes through hypotonic lysis. Immunophenotyping
of the isolated cells was done with a FACSCalibur flow
cytometer (BectonDickinson, Erembodegem, Belgium).
Greater than 95% of the cells were identified as
neutrophils, confir med by side and forward scatter
diagrams; CD66b positivity (Acris, Hiddenhausen,
Germany) and CD14 negativity (Pharmingen, San Diego,
CA, USA). The neutrophils were cultured in RPMI 1640
(Invitrogen) supplemented with 0.5% fetal bovine serum
(FBS; Nordic Biolabs AB) and 1% penicillin/streptomycin
(PEST; Invitrogen) in 12-well plates at 37℃ in 5% CO2.
Culture viability was 98.1% determined by a Cedex HiRes
Analyzer (Innovatis AG, Bielefeld, Germany).
Colo320DM cells (American Type Culture Collection,
Rockville, MD, USA) were cultured in RPMI 1640
supplemented with 10% FBS and 1% PEST.
Transfection and luciferase assay
COLO320DM cells, seeded 24 h prior to transfection,
were transiently transfected using FuGENE6 transfection
agent (Roche) and 0.5 µ g/mL of a luciferase reporter
vector containing three tandem copies of the NF- κ B
binding consensus sequence fused to firefly luciferase. The
cells were co-transfected with 25 ng/mL Renilla luciferasepositive control vector (pRL-SV40: Promega) to normalize
for transfection efficiency. Five hours post-transfection the
cells were seeded into a 96 well plate (white/clear bottom,
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Wallac) at a density of 6 × 104 cells/well in assay medium
(phenol-free RPMI 1640, 10% FBS dextran/charcoal
stripped serum and 1% L-Glutamine) containing 10 ng/mL
TNFα with or without 1 nmol/L to 100 mmol/L acetate,
propionate or butyrate. After 24 h of treatment the cells
were lysed and the luciferase activity was measured using
the Dual-Luciferase Reporter Assay Systems reagent kit
(Promega) in a Viktor luminometer plate reader (Wallac).
The firefly luciferase activity was divided by Renilla
luciferase activity and presented as per cent inhibition with
TNFα treatment alone representing 0% inhibition and
assay medium without TNFα as 100% inhibition.
Animals
Female C57BL/6J mice (Harlan Nederlands B.V.) at 7-9 wk
of age were used. 5% (w/v) dextran sulphate sodium
(DSS, T&D consulting, Uppsala, Sweden) was given in
the drinking water for five days in order to induce colonic
inflammation. Water was given one day prior to ending the
experiment.
All mice were kept under standard conditions of
temperature and light, and were fed with standard
laboratory chow and water ad libitum. All experiments were
approved by the Animal Ethics Committee at Gothenburg
University.
Organ culture
Mice were sacrificed and colons were collected and placed
in ice-cold Dulbecco's modified Eagle's medium (DMEM).
Transverse 1 mm sections were cut longitudinally and
placed in 12-well TranswellTM plates (Costar), containing
medium with 1% PEST and compounds. Organ cultures
were maintained at 37℃ in 5% CO2. After six hours the
medium was replaced with fresh medium containing
compounds. Cultures were then further incubated 18 h,
after which medium was collected and frozen until further
processing. Tissue was placed in Collection microtubes
(Qiagen) containing stainless steel beads (Qiagen) followed
by homogenisation in RLT lysis buffer (RNeasy Kit,
Qiagen) with a TissueLyser (Qiagen) at 30 Hz for 10 min.
Total RNA was isolated according to the manufacturer’s
instructions and cDNA was prepared from purified total
RNA with the iScript cDNA synthesis kit (Bio-Rad).
Real-time PCR arrays
TaqMan TM Low Density mouse immune-arrays (Micro
Fluidic Cards, Applied Biosystems) were used to assess
the regulation of immune-related genes in organ cultures
established from non-inflamed and colitic mouse colon.
Samples were assayed in quadruplicate and the expression
levels were deter mined with an ABI Prism 7900HT
Sequence Detector (Applied Biosystems). Data was
normalized to GAPDH mRNA levels and subsequently
expressed as the fold change relative to non-inflamed or
colitic vehicle controls.
ELISA
The levels of TNFα, IL-8 or IL-6 in conditioned medium
from neutrophil or organ cultures were determined with
commercial ELISA kits (human TNF α , BD OptEIA,
BD Biosciences; human IL-8, QuantiGlo ELISA, R&D
www.wjgnet.com
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Figure 1 Effects of Short-Chain Fatty Acids on LPS-stimulated TNFa and IL-8
release, and lactate dehydrogenase (LDH) activity in conditioned medium from
neutrophil cultures. Cells were exposed to LPS (1 mg/mL) concomitant with
acetate, propionate or butyrate (all 30 mmol/L) for 6 h followed by analysis of
TNFa (upper panel, bars) and IL-8 (lower panel) protein levels and LDH activity
(upper panel, diamonds). n.d: not detectable. mean ± SEM (n = 3), aP < 0.05,
b
P < 0.01.

systems; mouse IL-6, Quantikine ELISA, R&D systems),
according to the manufacturer’s instructions.
Lactate dehydrogenase activity
Lactate dehydrogenase (LDH) activity was determined
with a commercial kit (Cytotoxicity Detection Kit, Roche),
according to the manufacturer’s instructions.
Statistical analysis
Values are expressed as mean ± SEM and tested for
statistical significance using Student´s t-test.

RESULTS
SCFAs suppress LPS-induced release of TNFa from
neutrophils
Protein levels of TNF α and IL-8, released from
lipopolysaccaride (LPS)-stimulated (1 µ g/mL) human
neutrophils, were determined with ELISA (Figure 1).
Acetate, propionate and butyrate (all 30 mmol/L)
decreased LPS-stimulated TNFα release to the culture
medium from 24 ± 1 pg/mL to 16 ± 0.1 pg/mL (P <
0.01), 8 ± 0.2 pg/mL (P < 0.01) and 6 ± 0.2 (P < 0.01),
respectively (Figure 1; upper panel, bars). The LPSstimulated increase in IL-8 protein levels from 190 ± 21
pg/mL to 3753 ± 152 pg/mL was not affected by SCFAs
(Figure 1; lower panel). Furthermore, SCFAs did not
have an effect on LDH activity (Figure 1; upper panel,
diamonds).
SCFA-induced inhibition of the NF-κB pathway in
Colo320DM cells
Colo320DM cells were transiently transfected with a NFwww.wjgnet.com
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Figure 2 Effects of Short-Chain Fatty Acids on TNFa-induced NF-kB reporter
activity in Colo320DM cells. Cells were exposed to TNFa (10 ng/mL) along with
acetate (diamonds), propionate (open squares) or butyrate (closed squares) for 24 h.
Data is presented as the mean % inhibition of NF-kB activity after normalization to
Renilla Luciferase (n = 3).

κ B luciferase reporter. TNF α at 10 ng/mL was used
to induce NF- κ B activity in the presence of varying
concentrations of SCFAs. All SCFAs dose dependently
inhibited the TNFα-stimulated NF-κB luciferase activity
in Colo320DM cells (Figure 2). The EC50 values for
inhibition of NF-κB were as follows: acetate 2.4 mmol/L
(diamonds), propionate 120 µmol/L (open squares) and
butyrate 64 µmol/L (filled squares). Data points represent
the mean of triplicate values.
Anti-inflammatory effects of propionate in colon organ
cultures
In order to study the anti-inflammatory properties of
SCFAs in the context of intestinal inflammation, we
established an organ culture protocol where pieces of
colitic mouse colon were cultured in vitro in the absence or
presence of SCFAs. Exposure of organ cultures to 0.3-30
mmol/L propionate caused a dose dependent decrease in
IL-6 mRNA levels from 7.5 ± 1.3 fold (relative to noninflamed colon) to 1.7 ± 0.2 fold (P < 0.01) at the highest
propionate concentration (30 mmol/L) (Figure 3; upper
panel). This was paralleled by a decrease in IL-6 protein
levels in the culture medium from 253 ± 65 pg/mL per
mg to 75 ± 31 pg/mL per mg (30 mmol/L propionate;
P < 0.05) (Figure 3; lower panel, bars). Consistent with
the results obtained in the previous cell experiments, the
effect of propionate was not a result of SCFA-induced
cytotoxicity as determined by LDH activity in the culture
medium (Figure 3; lower panel, diamonds).
SCFAs inhibit immune-related gene expression in colon
organ cultures
Quantitative Real-time PCR was used to determine the
transcriptional regulation of immune-related genes in
colon organ cultures (Figure 4). As shown in Figure
4A, IL-1 α , IL-6 and inducible nitric oxide synthetase
(iNOS) mRNA levels were strongly induced in colon
organ cultures established from mice treated with 5%
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dextran sulphate sodium, compared to non-colitic organ
culture. This induction was heavily suppressed by SCFA
treatment (all at 30 mmol/L). In order to compare effects
of compounds with known anti-inflammatory activity to
the immune suppressive effects of SCFAs, the expression
levels of twelve selected genes (increased > 3-fold in colitis
vs. non-inflamed colon) were compiled as a heat map
representation showing the effect of treatments relative
to control levels (Figure 4B). MG-132 (a proteasome and
NF-κB inhibitor) at 10 µmol/L, acetate, propionate and
butyrate (all at 30 mmol/L) potently decreased the mRNA
levels of selected gene transcripts. In addition, MG-132
was clearly more potent than SB203580 (a p38 MAPK
inhibitor) at suppressing transcription of the selected
genes at the same dose (Figure 4B).
SCFAs suppress IL-6 release from colon organ cultures
The effects of SCFAs on IL-6 protein release from colon
organ cultures were studied (Figure 5). Acetate, propionate
and butyrate (all 30 mmol/L) decreased the IL-6 levels in
conditioned medium from colon organ cultures from 507
± 84 pg/mL per mg to 169 ± 16 pg/mL per mg (P < 0.01),
39 ± 14 pg/mL per mg (P < 0.01) and 87 ± 11 pg/mL
per mg (P < 0.01), respectively (Figure 5; bars). SCFAtreatment did not cause any significant change in LDH
activity (Figure 5; diamonds).

DISCUSSION
SCFAs represent a major constituent of the luminal
contents of the colon. Among SCFAs butyrate is believed
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Figure 4 Transcriptional profiling of gene expression in Short-Chain Fatty Acidtreated organ cultures. Dextran sulphate sodium (DSS) was used to induce
colonic inflammation. (A) Organ cultures were incubated with acetate, propionate
or butyrate (all 30 mmol/L) for 24 h followed by analysis of IL-1a, IL-6 and iNOS
mRNA levels. Data was normalized to GAPDH mRNA levels and presented
as fold change relative to control levels. Mean ± SEM (n = 4). (B) Heat map
representation of gene expression changes induced by MG-132, SB203580 (both
10 mmol/L); acetate, propionate and butyrate (all 30 mmol/L). Data was normalized
to GAPDH and expressed as the ratio between treatment and control. control (co),
acetate (ac), propionate (pr), butyrate (bu), MG-132 (MG), SB203580 (SB).

to play an important role for epithelial homeostasis [18].
Solutions containing butyrate [12-14] or mixtures of
SCFAs[19-23] have been used for treatment of active IBD.
Unfortunately these studies do not discriminate between
actions of individual SCFAs, with the exception of
butyrate.
To our knowledge the present study is the first aimed
at comparing the effects of acetate, propionate and
butyrate on markers of inflammation (i.e., NF-κB activity
and cytokine production). The findings of the present
study substantiate previous findings, relating to butyrate
and its anti-inflammatory properties. For the first time it
is also clearly demonstrated that acetate and propionate
www.wjgnet.com
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Figure 5 Effects of Short-Chain Fatty Acids on IL-6 release and lactate
dehydrogenase (LDH) activity in organ cultures from inflamed mouse colon.
Dextran sulphate sodium (DSS) was used to induce colonic inflammation. Organ
cultures were exposed to acetate, propionate or butyrate (all 30 mmol/L) for 24
h followed by analysis of IL-6 level (bars) and LDH activity (diamonds) in culture
medium. Mean ± SEM (n = 4), bP < 0.01.

ameliorate an ongoing inflammatory response at the
cellular level and thus acetate and propionate may also
contribute to the anti-inflammatory properties of SCFA
mixtures in vivo.
Because leukocytes are considered the primary effector
cells in IBD, the properties of acetate, propionate and
butyrate, were first investigated in human blood-derived
neutrophils. Several studies in the past have analysed the
effects of SCFAs on neutrophils[24]. Propionic acid has
been shown to stimulate superoxide generation in human
neutrophils [25] and recently it has been demonstrated
that propionate also stimulates neutrophil chemotaxis[26].
However, it is not clear how SCFAs influence the response
to inflammatory mediators, such as LPS in neutrophils.
We demonstrate that SCFAs strongly inhibit the LPSstimulated release of TNF α in human neutrophils.
Interestingly, our findings also show that SCFAs do not
affect LPS-induced release of IL-8, indicating that LPS
stimulates TNFα and IL-8 release by separate mechanisms
in neutrophils.
The colonic epithelium is considered an important
target for the beneficial effects of butyrate[18]. Furthermore,
butyrate has anti-inf lammator y activity in colon
adenocarcinoma cells, which is mediated by inhibition
of the NF-κB pathway[15,27]. We therefore next compared
the anti-inflammatory actions of acetate, propionate and
butyrate on TNFa-induced NF-κB reporter activity in
the colon adenocarcinoma cell line Colo320DM. Our
results demonstrate that SCFAs inhibit NF-κB activity in
Colo320DM cells with the rank order of potency being
butyrate > propionate > acetate. Previous studies have
suggested that butyrate inhibits the NF-κB pathway by
interfering with proteasome-mediated degradation of
I κ B a in colonocytes [27]. It is possible that acetate and
propionate also act via this mechanism.
In animal models of colitis butyrate reduces the ulcer
index and myeloperoxidase (MPO) activity [28,29] . The
effect of other SCFAs in experimental colitis is less clear.
There are, for example, contrasting results of propionatewww.wjgnet.com
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treatment in trinitrobenzene sulfonic acid (TNBS)-induced
colitis, demonstrating either a reduced ulcer index[30], or
an aggravated inflammation[31]. In order to compare the
effect of different SCFAs on intestinal inflammatory
responses in the absence of confounding factors, such
as inappropriate uptake or metabolism of SCFAs, we
developed an organ culture protocol where colitis is
established by administering dextran sulphate sodium to
mice in the drinking water. The inflamed colonic tissue is
then collected and the effect of anti-inflammatory agents
is studied in vitro. A dose finding study with propionate
revealed a dose dependent suppression of IL-6 mRNA
and protein in colon organ cultures with an IC50 of
approximately 1 mmol/L, without any sign of cytotoxicity.
Furthermore, acetate and propionate, along with butyrate
at 30 mmol/L were shown to reduce the expression levels
of selected immune-related genes in colon organ cultures.
Acetate was less potent than the two other SCFAs at this
dose, a finding in line with the results in neutrophils and
in Colo320DM cells. SCFA treatment of organ cultures
suppressed a majority of genes decreased also by MG-132,
a proteasome and NF-κB inhibitor. Interestingly, at 10
m mol/L MG-132 was far more potent than the p38
MAPK inhibitor SB203580 in suppressing immune-related
gene expression, indicating a central role for the NF-κB
pathway in DSS-mediated inflammation. Finally, SCFAs
potently reduced IL-6 protein release from colon organ
cultures with the rank order being propionate > butyrate >
acetate.
The mechanism whereby SCFAs mediate their antiinflammatory effects is currently poorly understood. As
discussed above the NF-κB pathway is an important target
for butyrate, and possible mechanisms for this could
involve inhibition of IκBa kinase activity or proteasome
function. Interestingly, our findings in Colo320DM cells
suggest a positive correlation between potency and carbon
chain length, which may possibly reflect the preferential
utilization of larger SCFAs in a specific metabolic pathway.
One illustrating example of a component of intermediary
metabolism with anti-inflammatory properties is pyruvate
which has well-documented immune suppressive
activities in vitro and in vivo[32,33]. Thus, it is likely that the
metabolism of SCFAs may give rise to metabolites with
activity comparable to that of pyruvate. Alternatively,
the rank order potency of SCFAs may result from an
affinity relationship with a specific receptor. Recently,
several independent groups have characterized SCFAs
as ligands for the G-protein coupled receptors, GPR41
and GPR43[26,34,35]. The transcript for GPR43 is readily
detectable with real-time PCR in neutrophils as well as
in the colon (authors unpublished observation), thus it is
possible that receptor dependent mechanisms may underlie
some of the anti-inflammatory effects of SCFAs described
in this study. GPR43 deficient mice may become an
important tool for the understanding of SCFA signalling
during inflammatory conditions in future studies.
As mentioned before, there are few and inconclusive
studies regarding the ameliorating effects of acetate
and propionate on inflammation, hence it is difficult to
predict the outcome of treatment with these SCFAs in
IBD. However, some interesting observations have been
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published which provide indirect evidence that acetate and
propionate may exhibit immune suppressive activity in vivo.
Ethanol-intake, which is associated with elevated plasma
acetate[36], was recently shown to prevent the development
of destructive arthritis in rats[37]. In addition lactulose, a
polysaccharide that is rapidly converted into acetate by
colonic fermentation[38], ameliorates DSS-induced colitis in
mice[39]. Noteworthy is also the observation that elevated
systemic levels of propionate, due to mutations in the
propionyl-CoA carboxylase enzyme, are associated with
progressive immune suppression[40].
In conclusion, the present study demonstrates
that acetate and propionate have anti-inflammatory
properties, which are comparable to those of butyrate.
It is demonstrated for the first time that SCFAs inhibit
LPS-induced TNFa release, but not IL-8 secretion, from
human blood-derived neutrophils. Furthermore, we show
that acetate and propionate, similar to butyrate, inhibit
TNFa-mediated activation of the NF-κB pathway in a
human colon adenocarcinoma cell line with the rank order
of potency being, butyrate > propionate > acetate. Finally
anti-inflammatory activity, comparable to that of butyrate,
was demonstrated for acetate and propionate in an in vitro
model of murine experimental colitis. Taken together
these findings suggest that propionate and acetate, in
addition to butyrate, could be efficacious in the treatment
of inflammatory conditions such as IBD.
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Abstract
AIM: To evaluate the effect of glutamine on intestinal
mucosa integrity, glutathione stores and acute phase
response in protein-depleted rats during an inflammatory
shock.
METHODS: Plasma acute phase proteins (APP),
jejunal APP mRNA levels, liver and jejunal glutathione
concentrations were measured before and one, three
and seven days after turpentine injection in 4 groups
of control, protein-restricted, protein-restricted rats
supplemented with glutamine or protein powder.
Bacterial translocation in mesenteric lymph nodes and
intestinal morphology were also assessed.
RESULTS: Protein deprivation and turpentine injection
significantly reduced jejunal villus height, and crypt
depths. Mucosal glutathione concentration significantly
decreased in protein-restricted rats. Before turpentine
oil, glutamine supplementation restored villus heights
and glutathione concentration (3.24 ± 1.05 vs 1.72 ±
0.46 µmol/g tissue, P < 0.05) in the jejunum, whereas
in the liver glutathione remained low. Glutamine

markedly increased jejunal α1-acid glycoprotein mRNA
level after turpentine oil but did not affect its plasma
concentration. Bacterial translocation in protein-restricted
rats was not prevented by glutamine or protein powder
supplementation.
CONCLUSION: Glutamine restored gut glutathione
stores and villus heights in malnourished rats but had no
preventive effect on bacterial translocation in our model.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Sepsis and endotoxemia impair gut glutamine metabolism[1].
This impairment may contribute to the weakening of the
gut mucosal barrier and to the development of bacterial
translocation[1,2]. The tripeptide glutathione is an active
free radical scavenging compound [3]. Glutathione has
been shown to play an important role in the protection of
intestinal mucosa against exogenous injury both in vitro[4,5]
and in vivo[6]. Intestinal mucosa glutathione content falls
markedly following a period of protein restriction[7] and
also in patients with inflammatory bowel disease[8,9]. The
depletion of reduced glutathione content in the mucosa
could therefore favor oxidative stress within the mucosa.
In addition to the liver, intestine also contributes to the
systemic inflammatory response and acute phase proteins
expression[10] and this intestinal acute phase response may
be influenced by protein malnutrition[11,12].
Although glutamine has traditionally been recognized
as a nonessential amino acid, recent studies have demonwww.wjgnet.com
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strated that glutamine plays a major role in the response
to injury [13], in the enterocyte oxidative metabolism [14],
and in the maintenance of the intestinal epithelium[15,16].
Glutamine supplementation may prevent gut mucosal
damage and bacterial translocation in various experimental
models of gut injury[13,17]. Moreover, glutamine could with
stand systemic [18] but also gut-associated [19,20] immune
response, because glutamine is an important substrate
for optimal lymphocyte[21] and macrophage[22] function.
In addition, some reports indicate that glutamine may
counteract glutathione depletion by supporting gut
glutathione biosynthesis[23] and may influence cytokines
production by gut mucosa in rats[24] or in humans[25,26].
Therefore, the aim of this study was to investigate the
effect of glutamine supplementation on the integrity of
the intestinal mucosa and its glutathione stores and on
acute phase response in protein depleted rats during an
inflammatory challenge.

MATERIALS AND METHODS
Animals
Guidelines for the handling and care of laboratory animals
conformed to the standards established by the Animal
Studies Committee of the Rouen University.
S e ve n t y t wo a d u l t m a l e S p r a g u e - D aw l e y r a t s
weighing 291 ± 23 g were obtained from Charles River
(L’Arbresle, France) and were allowed at least 3 d to
acclimatize to laboratory conditions (constant humidity
and temperature: 21℃, with a 12 h light-dark cycle) in
community cages before being studied. During this time
the rats were allowed ad libitum intake of water and
standard rat chow (UAR A03, Epinay-sur-Orge, France).
Two weeks before the inflammatory challenge (d-14), rats
were housed in individual metabolism cages at 21℃ with
12 h periods of dark and light cycles with a free access to
food and water. Rats were assigned to 4 groups: a control
group (CG) fed with a 23% protein diet (23 g casein/100
g synthetic diet, UAR, Epinay-sur-Orge, France); and
3 groups fed with an isocaloric protein-free (0% casein)
diet. The composition of diets is summarized in Table 1.
In two protein-restricted groups, rats were supplemented
after 7 d of protein-free diet with either glutamine
(3 g/100 mL) or protein powder (PolypeptalR, Novartis,
3.75 g/100 mL), and until the end of the study (Gln
and PP groups, respectively). These supplements were
administered in solution with the drinking water, with
adequate dilution to provide isonitrogenous solutions.
Equal volumes and thus isonitrogenous supplements
were given to the rats of Gln and PP groups. One
protein-restricted group received no supplementation
later on (PR group).
Diet regimens were maintained until sacrifice day.
During the experimental period, rats were weighted
weekly, and food and water consumption was monitored
daily. After 14 d of regimen, rats received a subcutaneous
injection of 3 mL/kg of turpentine oil (TO) to induce
an acute-phase response. An experimental inflammation
induced by TO may increase intestinal permeability in
rats[27]. Rats were sacrificed immediately before TO injection
(0 h) or 1, 3, and 7 d after TO. The number of animals
www.wjgnet.com
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Table 1 Composition of control and protein-deficient diets
Constituent (g/kg)

Control diet
(23% casein)

Protein-deficient diet
(0% casein)

Protein
Glucose (+ starch)
Lipids
Cellulose
Mineral salts3
Vitamins4
Total

2302
580
50
60
70
10
1000

0
800
60
60
70
10
1000

1
The energy density of each diet was 18 kJ/g. In the protein-restricted (PR)
group, energy was replaced with isocaloric quantities of carbohydrates
(glucose + starch in equal amounts); 2Containing (g/kg): L-Arginine 8.5;
L-Cysteine 3.0; L-Lysine 17.4; L-Methionine 7.1; L-Tryptophane 5.0; L-Glycine
1.0; 3Containing (mg/kg): phosphorus, 7750; calcium, 10 000; potassium, 6000;
sodium, 4000; magnesium, 1000; manganese, 80; iron, 300; copper, 12.5; zinc,
45; cobalt, 0.09; and iodine, 0.49; 4Containing (UI/kg): retinyl acetate, 19 800;
cholecalciferol, 6000; and (mg/kg): thiamin, 20; riboflavin, 15; D-pantothenic
acid, 70; pyridoxine, 10; inositol, 150; cyanocobalamine, 0.05; ascorbic acid,
800; dl-a-tocopherol acetate, 170; menadione sodium bisulfite, 40; nicotinic
acid, 100; choline, 1360; folic acid, 5; biotin, 0.3. (ND, not detectable).

ranged from 3 to 5 in each group at each time point.
Preparations
The rats were sacrificed and a ventral midline incision was
made under sterile conditions and mesenteric lymph nodes
were quickly removed and put into a sterile vial kept at
4℃ and transferred to the bacteriology laboratory within
4 h. After excision of lymph nodes and exsanguination,
the portal vein was cannulated, the supra hepatic veins
were cut, and the liver was rinsed with ice cold normal
saline until it appeared blood free. Then, it was rapidly
excised and blotted. A sample of liver (about 1 g) was
weighed, minced and homogenized in a Braun R potter
homogenizer with 3 mL of normal saline for 60 s at 4℃.
This homogenate was used to determine the liver content
of soluble proteins. Another 1 g liver sample was similarly
homogenized in 3 mL of perchloric acid (0.4 mol/L). The
homogenate was centrifuged at 10 000 × g for 20 min at
4℃. The supernatant was kept at -80℃ for glutathione
concentration measurement. After removal of the liver,
the jejunum was removed and carefully rinsed with icecold phosphate buffer saline to eliminate fecal material.
This tissue was opened longitudinally and the mucosa
was immediately scraped off and prepared as previously
described for the liver[28].
Analytical methods
Total reduced glutathione concentration in the supernatant was determined according to a modified spectrophotometric glutathione reductase assay as previously[28].
Glutathione assay was performed twice, with a variation
coefficient of less than 10%. Results were expressed as
µmoles glutathione per g wet weight tissue. Intracellular
glutamine and glutamate levels were deter mined in
the supernatant of jejunal homogenates after protein
precipitation by using an amino acid analyzer (Biotronik
LC3000; Eppendorf).
For measurement of villus height, additional 1 cm
samples of jejunum were rinsed with ice-cold saline
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Table 2 Body weight, total energy and nitrogen intake

Body weight (g)
Energy intake (kcal/d.
100 g body weight)
1st wk
2nd wk
Nitrogen intake (g/100 g
body weight)

CG

PR

Gln

PP

295 ± 9

288 ± 31

284 ± 30

296 ± 8

34 ± 2
30 ± 4
0.28 ± 0.02

20 ± 5a
30 ± 4
0.00

22 ± 7a
19 ± 7a
28 ± 10
28 ± 10
0.05 ± 0.03 0.04 ± 0.01

Body weight (g) before the beginning of the study, total energy intake (powder
or powder + supplementation in the drinking water) expressed in kcal/d per
100 g of body weight, and total nitrogen intake (g/100 g body weight) in CG
(control group), protein-restricted group (PR) and protein-restricted groups
supplemented with glutamine (Gln) or a protein powder (PP). aP < 0.05 vs CG.

Evolution of bady weight (g)

150
100
50
Days after TO
0

-14

-7

0

1

3

7

-50
-100

Figure 1 Evolution of body weight from initial weight as a function of time during
the feeding period and at each time point studied after turpentine oil (TO) injection
(arrow) for control (CG; ), protein-restricted (PR; ), glutamine (Gln; ) and proteinpowder (PP; ) groups. Values are means ± SD. P < 0.05, between CG and other
groups from d-7 until d7.

and fixed in a 10% formol solution during 24-72 h. The
samples were coded and further handled in blinded fashion
by the same observer. The samples were cut longitudinally
in 3 pieces and embedded in paraffin. The sections
(40 µ m) were placed on a slide and then stained with
hematoxylin. To minimize the variability of measurements,
about 20 villi were studied in jejunal samples, and for each
villus, epithelial thickness, chorion or lamina propria height
and crypt depths were measured in duplicate.
In the bacteriology laboratory, lymph nodes were
weighed in sterile conditions and then homogenized in
a Teflon potter homogenizer with sterilized NaCl (10%
weight/volume). The homogenate was then cultured in
aerobic atmosphere on 3 different medium: horse blood
Columbia, CLED (Biomérieux, Marcy l'Etoile, France) and
nalidixic acid (Pasteur Diagnostics, Marnes-la-Coquette,
France) agar plates, during 48 h. Colony counts were
expressed as colony forming units per gram of organ
tissue (CFU/g tissue), and culture was considered positive
for (CFU/g tissue) > 100.
α-1 AGP and α2-macroglobulin plasma concentrations
were determined by rocket immunoelectrophoresis as
previously described[12] using rat anti-α-1 AGP or antiα 2-macroglobulin (UER Sciences Pharmaceutiques et
Biologiques, Chatenay Malabray, France) antibodies.
RT-PCR
Total RNAs were extracted from the liver or intestinal
mucosa by a modified-extraction method as previously
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Table 3 Positive cultures (colony forming units per gram of
organ tissue (CFU) > 100) from cultured lymph nodes/total
cultures for (CG ), protein-restricted (PR), glutamine-(Gln) and
protein powder (PP) supplemented groups

CG
PR
Gln
PP

d0
0/4
1/5
2/6
3/5

d1
2/4
1/5
4/7
3/4

d3
1/4
1/5
2/5
3/4

described[26]. The quality and quantity of total RNA were
determined by spectrophotometry using the absorbance
at A260/A280 nm. The integrity was also controlled
by visualization of 18S and 28S ribosomal bands. RTPCR was perfor med as previously reported [26] . The
RT products were amplified by PCR using sense and
antisense primers (Eurogentec) specific for α-1 AGP and
glycerladehyde-3 phosphate deshydrogenase (GAPDH)
used as an internal standard: α-1 AGP, 5'-GCAGCTT
TCCGAGACCCCGT-3' and 5'-CATGCCCACATCT
TTGACAG-3'; GAPDH, 5'-AAAGGGTCATCATCT
CCGCC-3' and 5'-GTGGAGGAATGGGAGTTGC
T-3'. The relative quantification of the autoradiogram
bands represents an integrated area under the curve of
densitometric tracing, estimated as the ratio of targeted
gene to GAPDH.
Statistical analysis
Values are expressed as the mean ± SD. Data were
analyzed by analysis of variance, and differences
between means were determined using Scheffe’s multiple
comparison test. The incidence of bacterial translocation
was compared by corrected χ ² test. Significance was
defined as P < 0.05.

RESULTS
Dietary intake and weight of animals
Before starting the specialized regimens, there was no
significant body weight difference between the groups
(Table 2). Control group’s body weight rose during the
whole period before TO injection, slightly diminished 24
h after TO (not significant) and then remained unchanged
(Figure 1). In contrast, in the three other groups, the
animals lost about 60 g of their body weight during
the first week of protein deprivation, and about 10 g
during the second week, Turpentine oil did not induce an
additional loss of weight and no significant difference was
observed between these 3 groups (Figure 1).
The mean daily energy intake during the first week of
the feeding period was reduced in all the groups fed with
0% protein diets (Table 2). During the second week of
the feeding period, the energy intake (powder or powder
+ supplementation in the drinking water, see the methods
section) was not significantly different between the groups
(Table 2). During the supplementation period, nitrogen
intake of Gln and PP groups represented about 18%
and 14% (expressed in g N/d per 100 g body weight,
respectively) of the nitrogen intake of CG (Table 3). When
the rats were injected with TO, a significant (about 50%)
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Figure 2 Morphometrics of jejunal villus height (A), jejunal crypt depths (B), and
jejunal lamina propria (C), immediately before turpentine oil (TO) injection and
1, and 3 d after TO. Rats received either control ( ), protein-restricted (PR; ),
glutamine (Gln; ), or protein-powder (PP; ) supplemented diets. Values are
means ± SD. Means without a common letter (a, b or c) differ. eP < 0.05 vs d 0.

reduction of food intake was observed in all groups, with
no significant difference between groups, and food intake
normalized 24 h later.
Intestinal morphology
The morphometric data of the four groups are displayed
on Figure 2. After 14 d of 0% protein diet, both the villus
and lamina propria heights in the jejunum (446 ± 80 vs 590
± 43 µm and 388 ± 65 vs 518 ± 39 µm respectively; P <
0.05) were significantly decreased in comparison to CG.
The jejunal crypt depths were also decreased, although
not significantly. There was no significant difference for
crypt depths and lamina propria height before injection
of TO between Gln and PP-supplemented groups. In
contrast, villus heights were maintained in Gln group but
not in PP group (Figure 2A). One day after TO injection,
a significant decrease was observed in jejunal villus height,
crypt depth and lamina propria for CG group (421 ± 36
µm vs 590 ± 43 µm, 130 ± 4 µm vs 282 ± 13 µm, 386 ±
40 µm vs 517 ± 39 µm respectively; P <0.05). In the other
groups, morphometrics did not change after TO. Three
days after injury, morphometric parameters were restored
only in CG group. There was no difference between the 3
protein restricted groups (PR, Gln, PP; Figure 2).
Bacterial translocation
For the CG, no viable bacteria were detectable in cultured
www.wjgnet.com
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mesenteric lymph nodes before TO injection (Table 3).
In contrast, some positive cultures were observed for
lymph nodes from PR animals as well as from Gln or PPsupplemented groups. After TO induced inflammation,
bacterial translocation was also noted in several animals;
however, no significant difference between groups was
observed (Table 3).

3

a
a

0

C

1
Days after TO
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Glutathione and glutamine concentrations
The glutathione concentration in liver and jejunum
is displayed in Figure 3. In both tissues, glutathione
concentration significantly decreased after protein
restriction (jejunum: 1.72 ± 0.46 vs 4.24 ± 1.40 µmol/g
tissue; liver: 2.59 ± 0.38 vs 7.3 ± 0.38 µmol/g tissue, both
P < 0.05). Glutathione concentration was restored after
glutamine supplementation in the jejunum (3.24 ± 1.05 vs
1.72 ± 0.46 µmol/g tissue, P < 0.05), while it remained low
despite supplementation with protein powder (Figure 3A).
In the liver, glutamine supplementation had no significant
effect on glutathione concentration (Figure 3B).
After TO injection, glutathione concentration in the
jejunum peaked on d 1 and d 3 for CG and PR animals,
respectively (Figure 3A). In the Gln group, but not in the
PP group, a marked jejunal glutathione concentration peak
was also observed on d 3 (Figure 3A, P < 0.05 Gln vs PR).
Glutathione in the liver was decreased on d 1, and later
increased on d 3 in CG and PR animals (Figure 3B, P < 0.05
d 1 vs d 0 for CG , and P < 0.05 on d 3 vs d 1 for PR). In
both groups of supplemented rats, liver glutathione rose
markedly on d 1 and peaked on d 3 after TO injection,
and returned to initial values on d 7 (Figure 3B). Protein
concentrations were similar and did not vary significantly
in the both organs.
Intracellular glutamine concentration before inflammation was significantly increased in the Gln group in
comparison to CG (2.36 ± 2.93 vs 1.05 ± 0.23 µmol/g
tissue; P < 0.05), while it was not affected by protein
deprivation alone or by supplementation with protein
powder. After TO, no significant difference was observed
between groups and intracellular glutamate was not
modified by any diet nor by TO induced inflammation (data
not shown).
Acute phase response
Before TO, α-1 AGP was detected to a low level in the
plasma but no difference was observed between the groups
(Figure 4A). In contrast, α2-MG was increased in plasma
from Gln rats (Figure 4B). After TO, plasma α-1 AGP and
α2-MG increased in all groups to a similar extent.
Jejunal α-1 AGP mRNA (Figure 5) was not constitutively expressed in any groups. TO injection induced a
weak increase of α -1 AGP mRNA level in CG group
only at d 1. This increase was prolonged in PR group until
d 7. However, the peak response of α -1 AGP mRNA
was higher in the two supplemented groups (Gln and
PP, P < 0.05, Figure 5). The highest α-1 AGP mRNA
peak response was observed in the Gln group at d 1,
and was significantly higher than that observed in PR
and PP groups (P < 0.05). Jejunal α2-MG mRNA level
remained not affected by protein restriction, Gln or PP
supplementation and TO challenge (data not shown).
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Figure 4 Plasma levels (g/L) for alpha-1 acid glycoprotein (A) and alpha-2 macroglobulin (B) immediately before turpentine oil (TO) injection and 1, 3 and 7 d after TO.
Rats received either control ( ), protein-restricted (PR; ), glutamine (Gln; ), or protein-powder (PP; ) supplemented diets. Values are means ± SD. Means without a
common letter (a, b) differ. cP < 0.05 vs d 0.

DISCUSSION
In the present study, we measured the effect of glutamine
supplementation on gut barrier, glutathione content and
acute phase response in severely protein-restricted rats
during TO injection. Our results indicate that glutamine

restored gut glutathione content and regulated intestinal
acute phase response without influencing bacterial
translocation in protein-restricted rats.
In the present study, weight gain was severely impaired
in rats fed a protein-free diet (PR group). Growth
retardation has been reported as a consequence of feeding
www.wjgnet.com
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1 d after TO

a poor-protein diet without taking into consideration the
anorexia associated with the consumption of low protein
diets[29]. In our study, the mean daily energy intake during
the first week of the feeding period was also diminished
in all the groups fed with 0% protein diets (see results
section). Thus, as both diets were isocaloric, this suggests
that the absence of proteins may have affected the
palatability of the diets or influenced the central regulation
of appetite [30]. Neither glutamine nor protein powder
supplementation restored a growth rate similar to that of
animals fed the normal-protein diet. However, during the
second week, the variations in the energy intake between
the 4 groups did not reach significance. It may appear not
physiological to have used a protein-free diet. However,
it is not rare that patients remain with only fluids and
glucose for several days in postoperative situations while
undergoing inflammatory stress. In addition, this diet was
appropriate to test the pharmacological effect of glutamine
alone, apart from that of other amino acids.
Inf lammation was induced by a subcutaneous
injection of 3 mL/kg of body weight of TO. Previous
studies have shown that this experimental model elicits
hormonal and metabolic changes similar to those observed
during the response to injury and infection[12,17,27]. This
includes the production of the acute-phase protein α-2
macroglobulin [12,27] but does not lead to the anorexia
commonly associated with administration of endotoxin,
gavage with bacteria or other injury models [27] . The
injection of TO had only a marginal effect upon the
rate of weight gain in normally fed animals following
the injection. This observation confirms similar findings
observed in pigs[31].
The gastrointestinal tract is a major organ of glutamine
utilization[32]. In various models of stress-induced injury
(cancer, radiation, and chemotherapy) or malnutrition,
glutamine supply maintains or restores the nor mal
morphometric values of the small bowel mucosa and
supports gut function[33]. However, glutamine deprivation
in an otherwise complete diet prior to TO injury had only
a marginal detrimental effect on the structural integrity of
the small intestinal mucosa[17]. This may be due to the fact
that animals were not otherwise protein-depleted, and were
thus able to maintain an adequate glutamine endogenous
de novo synthesis from several other amino acids i.e.
branched-chain amino acids[34].
In our study, the histological assessment of the mucosa
in the jejunum was carried out on 4 rats from each dietary
group before and 1 and 3 d after TO injection. Protein
www.wjgnet.com
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restriction induced a marked, significant decrease of
jejunal villus and chorion height (Figure 2). In contrast,
in Gln group, villus height was only modestly reduced
(not significantly different from CG). This is consistent
with a beneficial effect of glutamine supplementation on
enterocyte proliferation rate as reported in human mucosa
in vitro[35]. It may also be explained by a prolongation of
cell life[20] or apoptosis inhibition[36,37].
Bacterial translocation occurred in several animals in
all protein-restricted rats. This may be due to the passage
of viable bacteria through paracellular pathways, as a
consequence of altered tight junction selectivity secondary
to severely impaired metabolism. None of the supplements
had any significant preventive effect on bacterial
translocation, which is at variance with some other reports
in enterally[1] or parenterally fed rats supplemented with
glutamine[19]. This lack of preventive effect may be due to
the fact that other factors involved in gut barrier function,
such as mucosal immune cells or IgA secretion, had been
impaired by severe protein restriction[1,19].
Glutathione plays an important role in detoxification
reactions with xenobiotics and oxygen radicals[3] and is
also required in large amounts in catabolic states, not only
by hepatic and intestinal cells but also by inflammatory
cells; thus, impaired mucosal glutathione content
increases the susceptibility to oxidative tissue injury[3,5].
Glutathione requires glutamate for its biosynthesis and
the main intracellular source of glutamate is derived
from glutamine[38]. Some authors reported that glutamine
supplementation may increase glutathione concentration
both in the liver[39] and in the gut[23,40,41]. In both tissues
studied in the present study (jejunum and liver),
glutathione concentration decreased markedly in PR rats
before TO injection. After the inflammatory shock, liver
glutathione slightly decreased in CG and PR groups,
and later increased up to values not different from initial
values; in contrast, it was markedly increased in Gln and
PP groups. The transient initial decrease in CG and PR
animals may reflect the short-term reduction of solid food
intake after TO, since liver glutathione is very sensitive to
food deprivation. Contrastingly, after TO, rats in all groups
markedly increased their water intake (data not shown)
until d 3; this resulted in an increased intake of both
glutamine and protein powder. Accordingly, an increase of
liver glutathione was observed after inflammatory shock
on d 3 and may have been supported by the increased
intake of precursors from glutamine or protein powder.
The significant decrease in jejunal glutathione of severely
protein-restricted rats in the present study is in accordance
with previous results in rats fed a 3% protein diet[31]. Both
a decreased synthetic rate of glutathione in the mucosa[23,42]
and/or a leakage in the lumen may have contributed to
this decreased concentration of glutathione. At most
time points, glutamine but not protein powder restored
glutathione concentrations in the jejunum and this effect
was significant on d 0 and d 3. In contrast, glutathione in
the liver was best restored with the amino acid mixture
(PP). The specific beneficial effect of glutamine on jejunal
glutathione probably reflects the high capacities of uptake,
as reflected by intracellular glutamine concentration and
of glutamine utilization in the proximal small intestine[43]
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for immediate glutathione synthesis. In addition, beneficial
effects of glutamine on villus height and GSH content
in jejunal mucosa could be related to each other since a
negative correlation between GSH content and apoptosis
of epithelial cells has been reported [44]. Despite being
provided with isonitrogenous drinking solutions, rats in
the PP group drank somewhat less water than those in
the Gln group, with consequently a lower nitrogen intake
in the PP group than in the Gln group. Despite this,
jejunal glutathione content in the glutamine group was
even higher than in normally fed rats (Figure 3B). Thus,
the supply of free glutamine via the oral route may have
a distinct kinetic advantage as far as mucosal glutathione
synthesis is concerned.
Before the induction of inflammatory shock, the
mRNA for α -1 AGP was not expressed in the jejunal
mucosa, which is in accordance with data in cultured rat
intestinal epithelial cells[45]. In response to TO challenge,
mRNA expression for α -1 AGP increased in jejunal
mucosa in normally fed rats. However, protein restriction
and glutamine-supplementation enhanced jejunal α-1 AGP
response without altering plasma APP concentrations. The
α-1 AGP has been reported to have an anti-inflammatory
effect by increasing the production of IL-1 receptor
antagonist [46], by limiting the migration of leukocytes
through endothelium[47] and by reducing complement- and
neutrophil-mediated intestinal injury[48]. Thus, an enhanced
intestinal α -1 AGP production after supplementation
with glutamine may contribute to the local protective
effects of glutamine, together with the reduction of
pro-inflammatory cytokine production[49], as well as the
improvement of protein metabolism[50].
In summary, our results indicate that glutamine
supports glutathione stores and may support the intestinal
acute phase response in the jejunum of malnourished rats
during inflammatory shock. Since a marked glutathione
depletion has been observed during inflammatory bowel
diseases, specially when combined with malnutrition [8],
the beneficial effects of glutamine-supplemented diets on
antioxidative capacities and gut integrity in inflammatory
conditions with associated malnutrition should be
evaluated.
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Abstract
AIM: To evaluate the effects of combined radiofrequency ablation and transcatheter arterial embolization with
iodized oil on ablation time, maximum output, coagulation diameter, and portal angiography in a porcine liver
model.
METHODS: Radiofrequency ablation (RFA) was applied
to in vivo livers of 10 normal pigs using a 17-gauge 3.0
cm expandable LeVeen RF needle electrode with or without transcatheter arterial embolization (TAE) with iodized
oil (n = 5). In each animal, 2 areas in the liver were ablated. Direct portography was performed before and after RFA. Ablation was initiated at an output of 30 W, and
continued with an increase of 10 W per minute until rolloff occurred. Ablation time and maximum output until
roll-off, and coagulated tissue diameter were compared
between the 2 groups. Angiographic changes on portography before and after ablation were also reviewed.
RESULTS: For groups with and without TAE with iodized
oil, the ablation times until roll-off were 320.6� ��
± �����
30.9
seconds and 445.1� ��
± �����
35.9 ����������������������������
seconds, respectively, maximum outputs were 69.0� ±
�� �����
7.38 �����������
W and 87.0� ±
�� �������
4.83 W
and maximal diameters of coagulation were 41.7� ��
± �����
3.85
mm and 33.2� ��
± �����
2.28 mm.
���� Significant
������������ reductions
����������� ���
of abla�����
tion time and maximum output, and significantly larger
coagulation diameter were obtained with RFA following
TAE with iodized oil compared to RFA alone. Portography
after RFA following TAE with iodized oil revealed more
occlusion of the larger portal branches than with RFA
alone.
CONCLUSION: RFA following TAE with iodized oil can

increase the volume of coagulation necrosis with lower
output and shorter ablation time than RFA alone in normal pig liver tissue.
© 2007 The WJG Press. All rights reserved.

Key words: Liver; Radiofrequency ablation; Transcatheter
arterial embolization; Iodized oil; Angiography; Hepatocellular carcinoma
Nakai M, Sato M, Sahara S, Kawai N, Tanihata H, Kimura M,
Terada M. Radiofrequency ablation in a porcine liver model:
Effects of transcatheter arterial embolization with iodized
oil on ablation time, maximum output, and coagulation
diameter as well as angiographic characteristics. World J
Gastroenterol 2007; 13(20): 2841-2845

http://www.wjgnet.com/1007-9327/13/2841.asp

INTRODUCTION
Percutaneous radiofrequency ablation (RFA) is widely used
to treat focal malignant tumors such as hepatocellular carcinoma (HCC) and metastatic liver�������
tumors[1-3]. It has been
reported by many authors that this is a satisfactory therapeutic modality because it results in reliable local control
and is minimally invasive[4,5]. The greatest disadvantage of
RF ablation for treating liver tumors is difficulty of ablating large tumors due to the limited coagulation area������
, ����
frequently observed in the treatment of large HCC. Inability
to reliably creating adequate volumes of complete tumor
coagulation limits the adoption of RF ablation for large
hepatic tumors.
One characteristic of RF ablation is its susceptibility
to the cooling effect of blood flow[6,7], a factor which has
a considerable effect on RFA treatment. The reduced
efficacy of RF ablation for large tumors reflects the
in vivo biophysiological limitations imposed by perfusionmediated vascular cooling, which limits heat-induced
coagulation necrosis. HCCs, in particular, are supplied
almost entirely by the hepatic arteries, and the abundant
tumoral arterial blood flow has a cooling effect, which
diminishes radiofrequency wave heating. Several
investigators have been able to increase RF-induced
coagulation necrosis by occluding blood flow to the liver
www.wjgnet.com
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during ablation procedures in animal models[7-10].
Transcatheter arterial embolization (TAE) using
iodized oil mixed with an anticancer drug has been widely
performed to treat HCC [11-13]. TAE can block hepatic
arterial blood flow and attenuate the cooling effect of
tumoral arterial blood flow. Recently, many clinical studies
have shown that RF combined with TAE is effective on
large HCC lesions[14,15].
In the present study, we evaluated whether TAE with
iodized oil can increase RF-induced coagulation necrosis,
and what modifications and effects are added in terms of
ablation time, maximum output, and portal angiography by
TAE with iodized oil.

MATERIALS AND METHODS
Animals and animal care
Approval of the institutional committee for the care
of research animals was obtained before the study was
initiated. This study was conducted in accordance with the
guideline for the care and use of laboratory animals.
Ten healthy male pigs (weighing 52-59 kg; mean,
56.6 kg) were subjected to laparotomy under general
anesthesia. The animals were sedated with an intramuscular
injection of ketamine (5 mg/kg weight), xylazine (5 mg/kg
weight), and atropine (0.02 mg/kg weight). General
anesthesia was maintained with 1.5% fluothane containing
a mixture of oxygen and nitrous oxide after tracheal
intubation. Cardiac and respiratory parameters were
monitored throughout the procedures. A longitudinal
midline abdominal incision was made, and the peritoneum
was opened. A 4 Fr. catheter (RC2; Clinical Supply, Gifu,
Japan) was inserted into the proper hepatic artery via the
femoral artery. The portal vein was exposed and punctured
directly, and the 4 Fr. catheter was inserted. Hepatic
arteriography and direct portography were performed
before and after RFA. Hepatic ar teriog raphy was
performed with an injection of contrast agent (Iomeprol
350 Ezai, Tokyo, Japan) at a rate of 3 mL/s for a total
volume of 15 mL, and direct portography at a rate of
6 mL/s for a total volume of 24 mL. TAE was performed
by selectively introducing a microcatheter (Sniper; Clinical
Supply, Gifu, Japan) into the right and left hepatic arteries,
and injecting iodized oil (10 mL per body ; lipiodol ultrafluid: iodine addition products of the ethylesters of the
fatty acid obtained from poppyseed oil, Nihon Schering,
Osaka Japan) (LP) and 1 mm gelatin sponge particles in 5
animals. Animals were divided into 2 groups of 5 animals
each: RFA-alone group and RFA following TAE with
iodized oil group (LP-TAE group).
RF procedure
The RF device used was a RF2000 radiofrequency ablation
system (Boston Scientific Corporation, Natick, MA, USA)
with an expansion-type electrode (LeVeen needle). A
17-gauge, 3.0-cm expandable 10-hook needle electrode was
inserted directly into the liver with ultrasound guidance.
After the needle position was confirmed with X ray and
ultrasound, ablation was started. For each pig, 2 areas of
the right and left lobes were ablated, yielding a total of 20
areas.
www.wjgnet.com
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Table 1 Ablation protocol
Baseline
Step up rate
power output
30 W

10 W/min

Maximum
output

Restart output

Application
process

Until roll-off

70% of the
maximum output

Twice

The baseline power output was set at 30 W. Ablation was continued with an
increase of 10 W per minute until roll-off occurred. After the first RO, ablation was resumed 30 s later at 70% of the maximum power achieved, and was
completed when RO occurred a second time�.

The RF 2000 generator monitors system impedance,
the level of which determines the extent of tissue necrosis.
In this apparatus, an increase of tissue impedance to
current flow, which is caused by decreased conductivity
of electrical current due to protein denaturation and loss
of intracellular fluids, is measured in ohms. When tissue
impedance rises above 200 Ω, the power output passively
decreases to less than 10 W (roll-off). Roll-off indicates
a precipitous drop of power output with a marked
increase of tissue impedance because of tissue necrosis,
which prohibits the passage of electrical current[16]. For
all experiments, impedance and power output status
were monitored on the display window of the RF2000
generator, and recorded on paper every 15 s.
A 2-phase application process was performed. The
baseline power output was set at 30 W. Ablation was
continued with an increase of 10 W per minute until rolloff occurred. After the first RO, ablation was resumed 30
seconds later at 70% of the maximum power achieved, and
was completed when RO occurred a second time (Table 1).
The total RF application time was calculated as the sum of
the duration of the first and second phases of ablation.
Animals were sacrificed using an overdose of pentobarbital immediately after post-RFA angiography, and
their livers were removed for gross pathologic analysis.
Visible regions of coagulation necrosis were measured
with calipers in fresh tissue prior to preser vation.
Measurements of the diameter of coagulation were based
on the consensus of 2 observers. The 2 groups were
compared with respect to ablation time and maximum
output required for the occurrence of the second RO,
as well as maximum coagulation diameter. Angiographic
changes on portography before and after ablation were
also compared. Data were analyzed using Student’s t-test
with a significance level of 5%.

RESULTS
Both cardiac and respiratory parameters remained stable
throughout the experiments. No thermal injuries to
adjacent structures or organs occurred. Regions of RF
ablation were easily distinguished from untreated tissue.
For the RFA-alone group and LP-TAE group, total
ablation times were 445.1 ��
± 35.9
�����������������
s and 320.6� ±
�� 30.9
��������
s,
maximum outputs were 87.0� ±
�� 4.83
�����������
W and 69.0�
����� ��
± ��������
7.38 W,
and maximal diameters of coagulation were 33.2� ±
�� 2.28
�����
mm and 41.7� ��
± 3.85
���������������������������������������������
mm, respectively (Table 2). Significant
reductions of ablation time and maximum output and significantly larger coagulation diameter were obtained with
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Figure 3 Portography showing large
branches of portal veins have disappeared (arrow) after RFA following
LP-TAE.

Table 2 Ablation time to roll-off, maximum output, and
coagulation diameter
Group with RFA Group with RFA P value
alone
following LP-TAE
Ablation time to roll-off (s) 445.1 ± 35.9
Maximum output (W)
87.0 ± 4.83
Coagulation diameter (mm) 33.2 ± 2.28

320.6 ± 30.9
69.0 ± 7.38
41.7 ± 3.85

P < 0.05
P < 0.05
P < 0.05

Significant reductions in roll-off time and output and significantly greater
coagulation diameter were obtained with RFA following LP-TAE compared
with RFA alone. LP-TAE: Transcatheter arterial embolization with iodized oil
(Lipiodol); RFA: radiofrequency ablation.

A
A

B

Figure 1 Portography
������������������������������������������������������������������������
revealing occlusion of distal small portal vein branches in
the ablated area (arrow) (A) and hepatic arteriography showing a compensatory
increase in hepatic arterial blood flow in response to occlusion of the portal vein
branches (arrow head) (B) in group with RFA ������
a�����
lone.

A

B

B

Figure 4 ����������������������������������������������������������������������
Region of necrosis avoiding large vessels (white arrow) in group with
RFA alone (A)��, and�
���� showing
�������� ill-defined
������������ boundaries
����������� of
��� coagulation
������������ necrosis
��������� and
����
increase of the necrotic area in the group with RFA following LP-TAE (B)�.
Figure 2 Portography
������������ revealing
������������a decrease
��������� of
��� portal
������� venous
������� blood
������ flow
����� in
��� the
���� left
�����
lobe ���������������������������������
after LP-TAE before RFA����������
(arrow) (A) and photograph of liver showing the
dark red left lobe ��������������������������������������
after LP-TAE before RFA (arrow
��������������
head) (B).

RFA following LP-TAE compared to RFA alone.
In the RFA-alone group, disappearance of the small
distal branches of the portal vein was observed on portography (Figure 1A), and a compensatory increase of
hepatic arterial blood flow was noted on hepatic arteriography (Figure 1B). Subsegmental or distal portal branches
disappeared in 8 ablated areas (80%), and segmental portal
branches disappeared in 2 ablated areas (20%) on portography.
After LP-TAE, portal venous blood flow was decreased
(Figure 2A) and the liver- enforced LP-TAE changed to
dark red���������������������������������������������
(Figure
��������������������������������������������
2�����������������������������������
B����������������������������������
). Disappearance of blood flow in
large portal branches was recognized after RFA following
LP-TAE (Figure 3). Segmental portal branches or larger
branches such as the primary branch of the portal vein
disappeared in 8 ablated areas (80%) on portography.

Gross examination revealed a gray core of ablated
tissue surrounded by a dark rim in all ablation areas. The
RFA-alone group exhibited coagulation necrosis with
sparing of large vessels (Figure 4A). In the LP-TAE group,
the boundaries of coagulation necrosis were ill-defined,
and the diameters of necrotic areas were increased
(Figure 4B).

DISCUSSION
The results of the present study demonstrate that RF
ablation following TAE with iodized oil induce a larger
coagulation necrosis with lower output and shorter
ablation time than with RFA alone. To our knowledge, this
is the first formal animal study evaluating the effects of
combined RFA and TAE with iodized oil on ablation time,
maximum power output, and portal angiographic changes.
Radiofrequency tumor ablation has been demonstrated to be a reliable method for creating heat-induced
coagulation necrosis using a percutaneous approach[17]. A
www.wjgnet.com
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RF electrode is inserted into the tumor under ultrasound
guidance. After attachment to the appropriate generator, a
radiofrequency current is emitted from the electrode. RF
energy can cause localized cell desiccation and necrosis.
Radiofrequency current is emitted from the exposed, noninsulated portion of the electrode, and ion agitation is produced within the tissues surrounding the electrode. This
agitation is converted by friction into heat, inducing cellular death via coagulation necrosis[18]. When the temperature
within the tissue rises above 60℃, a region of necrosis
surrounding the electrode begins to develop[19]. The extent
of RF-induced coagulation necrosis depends on overall
energy deposition, the duration of radiofrequency application, and radiofrequency electrode tip length[20]. A larger
coagulation necrosis is formed with a 3.0 cm expandable
electrode than with a 2.0 cm expandable electrode.
RF-induced heating is limited by perfusion-mediated
vascular cooling[6,7]. A reduction of blood flow during RF
application has been shown to increase coagulation necrosis in animal models[7-10]. Goldberg et al[7] applied RF
to normal in vivo porcine liver with and without balloon
occlusion of the portal vein and the hepatic artery, and
found that greater coagulation could be achieved during
portal venous occlusion. Chinn et al[9] compared 4 vascular
occlusion groups: portal vein, hepatic artery, both hepatic
artery and portal vein, and no occlusion, and reported that
coagulation volume is the greatest with occlusion of both
hepatic artery and portal vein. Sugimori et al[21] applied RF
to normal pig livers using a 15-gauge LeVeen needle with a
2.0 cm expandable electrode at the maximum output of 60
w after transcatheter arterial infusion (TAI) of iodized oil,
TAE with gelatin sponge, and TAE with iodized oil and
gelatin sponge. They reported that RF ablation after TAE
with iodized oil and gelatin sponge induces the largest coagulation necrosis, but there are no significant differences
in RF ablation times with RFA alone and RFA combined
TAE. In the present study, we applied RF to normal pig
livers using a 17-gauge 3.0 cm expandable electrode until
roll-off, and compared ablation time, maximum power
output, and coagulation diameter between RFA alone and
RFA following TAE with iodized oil and gelatin sponge,
demonstrating that RF ablation following TAE with iodized oil and gelatin sponge could induce a larger coagulation necrosis with a lower output and a shorter ablation
time than RFA alone with a significant difference. It is suggested that the cooling effects of blood flow are greater,
so ablation range and expansion diameter of electrode are
large.
Arterioportal communications occur through the sinusoids (transsinusoidal communications) and the peribiliary
vascular plexus (transplexal communications) [22,23]. It is
postulated that when more than a certain amount of iodized oil (lipiodol) is pooled in the sinusoids, a change occurs in the hepatic microcirculation and iodized oil flows
into the portal vein through arterioportal communications
after pooling in the sinusoids[24]. Therefore, injection of iodized oil into the hepatic artery results in a retrograde flow
to the portal vein through the sinusoids and occlusion of
portal vein branches[25]. Both hepatic artery and branches
of the portal vein are simultaneously blocked after TAE
with iodized oil, and perfusion-mediated vascular cooling
www.wjgnet.com
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effect limiting RF-induced coagulation necrosis is thus reduced. As a result, a larger coagulation necrosis is formed
with lower output and shorter ablation time than with RFA
alone. Furthermore, disappearance of blood flow in large
portal branches was recognized after RFA following TAE
with iodized oil in the present study, however, the necrosis
achieved with RFA alone avoided the large vessels, probably due to the cooling effect of blood flow.
Because HCCs are hypervascular tumors and have
abundant tumoral arterial blood flow, which diminishes
radiofrequency wave heating, higher power output ablation
compared to normal liver tissue is required until roll-off in
opposition to the cooling effect. However, high-output RF
ablation by RFA alone results in boiling and carbonization
of the tissue near the electrode[7,19], leaving an incompletely
ablated tumor, and increases the frequency of puncture
and the risk of dissemination. It is presumed that scattered
recurrence or rapid tumor growth after RFA is attributable
to a rapid increase of local tissue temperature and intratumoral pressure due to high-output ablation, and bumping (explosion) in the early process of ablation might cause
a spreading of incompletely ablated neoplastic cells via the
portal vein[26-30]. Moreover, with RFA alone, a compensatory increase of hepatic arterial blood flow in response to
occlusion of the portal vein branches after RFA might be
related to a rapid growth of residual tumors. Because TAE
with iodized oil can block hepatic arterial and portal blood
flow and attenuate the vascular cooling effect, RF ablation
with a low output for hypervascular hepatic tumors is enabled by combining TAE with iodized oil. Low output RF
ablation combined with TAE with iodized oil can prevent
a rapid increase of local tissue temperature and intra-tumoral pressure, and may prevent intraportal disseminations
and intrahepatic scattered recurrence. Furthermore, TAE
with iodized oil prior to RFA can cause ischemic necrosis
of the tumors, thereby decreasing the number of neoplastic cells, which can reduce the risk of dissemination even
if bumping (explosion) occurs. Our results strongly suggest that a combination of�����������������������������
low
����������������������������
������������������������
output RFA
�����������������
and TAE with
iodized oil might be efficacious for treating hypervascular
large hepatic tumors without complications such as scattered recurrence or rapid tumor growth.
In conclusion, reduction of arterial and portal blood
flow due to TAE with iodized oil before RF increases
coagulation necrosis with lower output and shorter ablation
time than with RFA alone. Strategies for combining RFA
with TAE with iodized oil to reduce tumoral blood flow
might improve treatment effect on hypervascular large
hepatic tumors.
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Abstract
AIM: To assess hepatic fibrosis and factors associated
with its progression in children with HCV infection.
METHODS: At the Hepatology Unit, Cairo University
Children’s Hospital, a single liver biopsy was performed
to 43 children with HCV infection after an informed
consent between 1998-2004. Their mean age at liver
biopsy was 8.67 ± 4.3 years.
RESULTS: Among the 43 patients’ biopsies, 12 (27.9%)
were having no fibrosis, 20 (46.5%) mild fibrosis and
11 (25.6%) moderate to severe fibrosis. The median
time for development of fibrosis was estimated to be 5.5
years. Developing fibrosis was significantly associated
with shorter duration from first detected ALT elevation to
biopsy (12 mo vs 1.2 mo, P = 0.015) and having higher
levels of direct serum bilirubin (0.3 mg/dL vs 0.5 mg/dL,
P = 0.048). No association was found between fibrosis
stage and the presence of co-morbid conditions (P =
0.33).
CONCLUSION: Hepatic fibrosis was present in 72.1%
of children with HCV infection. The development of
fibrosis was associated with higher levels of direct serum
bilirubin. There was no significant association between
fibrosis and age, duration of infection, risk factors, comorbid conditions and most biochemical parameters.
© 2007 The WJG Press. All rights reserved.
www.wjgnet.com
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INTRODUCTION
Egypt has the highest prevalence of hepatitis C virus (HCV)
infection in the world, averaging 12%-24% in the general
population[1]. HCV Genotype 4 is the prevailing genotype
in Egypt (90%)[2].
Worldwide, the major clinical consequence of chronic
hepatitis C infection is the progression to cirrhosis and its
potential complications: hemorrhage, hepatic insufficiency,
and primary liver cancer[3]. The current understanding of
HCV infection has been advanced by the concept of liver
fibrosis progression[4].
A main characteristic of HCV infection is the highly
variable course of its natural history[5]. A major challenge is
to distinguish the disease progression in patients according
to those possessing specific risk factors [6]. Higher risk
of disease progression is associated with older age, male
gender, excessive alcohol consumption, overweight and
immunodeficiency[7]. The role of the liver biopsy in chronic
hepatitis C would seem, at first, to be unquestioned.
After all, a liver biopsy provides much information in
such a small package. It provides confirmation of the
diagnosis, exclusion of other liver diseases, and assessment
of the grade and stage of the disease [8]. Furthermore,
the usefulness of the liver biopsy in chronic hepatitis C
has received the endorsement of several national and
international consensus conferences on the diagnosis and
treatment of hepatitis C[9,10].
The outcome of HCV infection acquired in childhood
is uncertain as a result of the variation of clinical course
of infection and disease in children[11]. HCV infection is
not always benign in the childhood period, a recent study
in Egypt showed that, ALT levels were elevated in half of
the subjects and histological abnormalities were detected in
three quarters of HCV-RNA positive cases[12]. Because of
the major long-term complications of chronic HCV, and
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the development of cirrhosis and end-stage liver disease,
the degree of fibrosis on liver biopsy would seem to be an
appropriate surrogate marker[13]. Liver biopsy remains the
gold standard in assessing the stage and progression of
HCV infection[14].
The aim of this work was to assess hepatic fibrosis
and identify factors associated with its progression in liver
biopsies from a group of Egyptian children with HCV
infection. To achieve this goal, we studied factors related
to HCV acquisition, co-morbid conditions, demographic
factors and biochemical variables related to disease course
and finally findings of liver biopsy.

MATERIALS AND METHODS
The study was carried out at the Pediatric Hepatology
Unit, Cairo University Children’s Hospital, Egypt, between
1998 and 2004. HCV genotype in Egypt is mostly (> 90%)
genotype 4[2]. Among a total of 105 HCV infected children,
on regular follow-up every 3 mo, 43 cases were fit and
consented to do liver biopsy. Twenty children had blood
diseases; 18 thalassemics, 1 sickle cell anemia and 1 pure red
cell aplasia. Seven were treated in the past for malignancies;
4 Hodgkin lymphoma and 3 acute lymphocytic leukemia
(ALL). None of the children received any therapy for HCV.
Study population
Inclusion criteria: Age below 18 years, both sexes included,
HCV antibody and HCV-RNA positive, elevation of ALT,
at least 1.5 folds, at least once throughout the disease course,
informed consent signed by the parent of each patient.
Exclusion criteria: Co-infection with HBV or HIV,
coagulopathy, or thrombocytopenia, to a degree which
precludes the safe performance of a percutaneous biopsy,
therapy for HCV infection, biopsies less than 10 mm long,
biopsies including less than 5 portal tracts.
All parents completed a survey regarding possible risk
factors for HCV acquisition.
Biochemical assessment of liver function tests (total and
direct serum bilirubin, AST, ALT, albumin and prothrombin
time and concentration) was done on the same day of liver
biopsy which was performed only once for each patient, in
addition to a complete blood count. No fresh frozen plasma
or blood transfusion was offered to correct these tests prior
to biopsy.
Percutaneous liver biopsy was obtained with the
Menghini technique using a secure cut biopsy needle
1.6-mm-diameter needle [Hospital Service S.p.A.Via Naro,
81-00040 Pomezia (RM) Italia.
Histological evaluation
Percutaneous liver biopsies were fixed in formalin, embedded in paraffin and cut at 4 microns thickness and
stained with haematoxylin and eosin and mason trichrome.
Liver sections were evaluated by a single pathologist who
was blinded of the patient’s clinical and laboratory data.
The grade of activity and stage of fibrosis were scored
according to Knodell et al [15]. The HAI system scores
necroinflammatory activity from 0 to 18 assessing periportal
necrosis and inflammation (0 to 10), lobular necrosis and
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inflammation (0 to 4), and portal inflammation (0 to 4).
Fibrosis is staged as 0, 1, 3, or 4, with 1 indicating portal
fibrosis only (mild), 3 indicating bridging fibrosis (moderate),
and 4 cirrhosis (extensive). The discontinuous scale allows
for clear separation of mild (1+) from extensive (3+).
The HAI system is simple and has been widely used. We
considered moderate and extensive fibrosis as one group
because of their small numbers. Liver iron deposition was
evaluated by using the scale developed by Deugnier et al[16].
This scoring system was defined as the sum of three scores:
hepatocytic iron score (0-36), sinusoidal iron score (0-12),
and portal iron score (0-12). The sum of these scores
defines the total iron score (TIS; range: 0-60). According to
Halonen et al[17], liver TIS is classified into mild iron overload
(TIS 0-14), moderate iron overload (TIS 15-29) and severe
iron overload (TIS 30-60). Steatosis was graded based on
percent of hepatocytes involved; mild (< 33%), moderate
(33%-66%) and severe (> 66%)[18].
Statistical analysis
Frequency analysis of categorical variables was presented
as numbers and percentages. Chi square or Fischer’s exact
tests were used to assess the association between hepatic
fibrosis and various categorical factors. Descriptive analysis
of continuous variables was presented by median and
range. Kruskal Wallis test was used to compare groups of
no, moderate and marked fibrosis. Kendall's tau test was
used to assess the correlation between fibrosis stage and
other continuous variables. Cumulative hazard function for
developing fibrosis among patients was done. In all tests, P
< 0.05 was considered significant.

RESULTS
The present study included 43 HCV infected infants and
children (24 boys and 19 girls); their mean age at liver
biopsy was 8.67 ± 4.3 years (median age 9 years, range 2
mo-18 years). The estimated median duration of infection
was 36 mo.
Twelve biopsies showed no fibrosis, 20 showed mild
fibrosis and 11 had moderate to severe fibrosis. Iron
staining was not detected in 19 cases, 15 had mild TIS, 9
had moderate TIS and no cases had severe TIS. Steatosis
was absent in 30 cases, mild in 5 cases, moderate in 6 cases
and severe in 2 cases.
According to the parents’ responses to a survey regarding risk factors for HCV acquisition, risk factors
were identified in 39 cases (90.7%). Risk factors included
blood transfusion (37 cases), injections (11 cases), surgical
procedures (8 cases) and (1 case) household contact infected with HCV. Among the 39 patients with known risk
factors, a reliable estimate of the duration of infection was
possible in only 29 cases.
Analysis of factors that could be associated with
development of fibrosis in these patients was performed.
Development of fibrosis was not associated with gender,
elevated ALT and AST, blood transfusion, injections,
surgical procedures, having a family member with HCV or
having blood disease. The analysis revealed that all 7 cases
that had past malignant disease had fibrosis in their liver
www.wjgnet.com
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Table 1 Characteristic features of studied patients n = 43

Sex
Boys
Girls
High ALT (n = 28)
Injections (n = 11)
Blood transfusion (n = 37)
Frequency of transfusion
Once
Multiple
Surgical procedures (n = 8)
Household contact infected with
HCV (n = 1)
No risk factor (n = 4)
Blood disease (n = 20)
Red cell aplasia
Sickle cell anemia
Thalassemia
Malignancy (n = 7)
ALL
Lymphoma

No Fibrosis
(n = 12)

Fibrosis
(n = 31)

P value

8
4
7
2
12

16
15
21
9
25

0.37 (NS)

2
10
4
0

6
19
4
1

0.61 (NS)

1

3

0.86 (NS)

1
0
8

0
1
10

0.14 (NS)

0
0

3
4

0.72 (NS)
0.41 (NS)
0.10 (NS)

0.19 (NS)
0.53 (NS)

NA

NA: not applicable (as P value cannot be calculated).

biopsies (Table 1).
The higher grade of fibrosis was associated with
shorter duration from first detected ALT elevation to
biopsy (P = 0.015) and higher levels of direct bilirubin (P
= 0.048) (Table 2).
There was no association between the fibrosis stage
and the presence of co-morbid condition (having blood
disease or previous malignancies) (P = 0.33) (Table 3).
The risk for development of fibrosis, from the time of
exposure to infection to the time of biopsy, was estimated
in only 29 cases with a reliable duration of infection (1-10
years) and was expressed in a hazard function curve. Accordingly, liver biopsy was performed in 9 patients after an
estimated duration of infection of one year. 8 of them had
fibrosis, which was extensive in 3 patients. Similarly, when 6
of the 29 patients had liver biopsy ten years after exposure
to infection, 4 of them had fibrosis (which was extensive in
3 cases, mild in one) and two had no fibrosis. The median
time for fibrosis development in liver biopsy was estimated
to be 63.7 mo (5.5 years) (Figure 1).

DISCUSSION
This is one of few studies to assess factors associated with
fibrosis progression using liver biopsies from HCV infected
children. The purpose of the study was to determine
whether any baseline demographic, clinical, biochemical or
histological factors could be associated with fibrosis stage.
Seventy-two percent of our cases showed some degree
of fibrosis, 47% mild fibrosis and 25% moderate to extensive. Guido et al[19] reported a similar proportion of
fibrosis in their HCV infected children.
Analysis of the risk factors for acquisition of HCV
revealed no association with fibrosis. El-Shorbagy et al[20]
reported that liver fibrosis progression is related to the
mechanism of transmission. In contrast, Kage et al[21] and
Vogt et al[22] described a relatively benign course for transwww.wjgnet.com
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fusion associated hepatitis C. Although the studies presented
earlier may suggest that the route of transmission may be
a contributing factor in the course (mother-to-infant vs
transfusional), it is not known which patients are most likely
to develop end-stage liver disease.
Although we noticed that there was a steady increase
in age with increasing fibrosis, the difference did not reach
statistical significance. Similar results were reported by
Marcellin et al[7] where age was not a statistically significant
feature associated with progression of fibrosis in patients
with chronic HCV. Alternatively, some studies reported
age to be an important factor in prediction of fibrosis but
were predominantly reported in adults[4,23].
Only three cases had cirrhosis in our study. These
results are similar to those reported by Guido et al[24] and
Badizadegan et al[25]. However, 44% of the cases in the latter
study had moderate to severe fibrosis as compared to 25%
in our series. This might be explained by the older mean age
of their cases compared to ours (11.4 vs 8.7 years). Kage
et al[21] reported that 97% of their cases had mild fibrosis
and none had cirrhosis. The mean age of their patients was
3.7 years.
Although the hazard of development of fibrosis
increased with the duration of the disease (Figure 1), a
longer duration of infection does not necessarily mean
more extensive fibrosis. Overall, it is thought that hepatic
inflammation drives the progression of fibrosis to cirrhosis
in a relatively linear manner. However, progression is not
linear in all patients[26]. In historical studies, approximately
20% of patients who developed post-transfusion non-A
non-B hepatitis, now known to have been HCV, developed
cirrhosis within 20 years of infection[27], but these data
may have been skewed by selection of those with more
severe disease at presentation. More recently large crosssectional studies have assessed the rate of progression of
HCV related hepatic fibrosis retrospectively using a ratio
of the stage of hepatic fibrosis to the estimated duration
of infection, such as the time from initial exposure to
intravenous drugs or from transfusion[4,28]. A median time
to cirrhosis of 30 years was observed[4]. However this
finding obscured the observation that the median time to
cirrhosis was 13 years in those infected over the age of
40. These had consumed alcohol to excess, while those
infected at an earlier age and did not abuse alcohol had a
median time to cirrhosis of 42 years. Notably, 32% were
thought unlikely to develop progressive disease. These
findings were based on a single liver biopsy and the rate
of fibrosis was calculated assuming a uniform rate of
progression, although no data exists to indicate whether
progression occurs in a linear fashion or more erratically[29].
Poynard et al[30] observed that fibrosis progression was not
normally distributed. The distribution suggested at least
3 populations: “rapid fibrosers”, “intermediate fibrosers”
and “slow fibrosers”.
Male gender was not associated with fibrosis in this
study. In adults, male gender seems to be associated with
fibrosis, particularly in those above 40 years of age who
had history of drinking > 50 g alcohol/day[4].Other studies
failed to demonstrate the association of male gender with
fibrosis stage[31].
Our observation determined that direct serum bilirubin
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Table 2 Analysis of data among patients with no, mild and moderate to extensive fibrosis (Kruskal Wallis test)
No fibrosis (n = 12)
Median (min-max)
Age at biopsy
9 (3.5 yr-13 yr)
Duration from exposure to biopsy (mo) (n = 29)
43.8
(12-144)
Duration from first detected ALT elevation to biopsy (mo) 12
(0-24)
Duration from exposure to first detected ALT elevation (mo) 30
(n = 29)
(12-132)
Total bilirubin (mg/dL)
1.65
(0.-5.2)
Direct bilirubin (mg/dL)
0.3
(0.1-2.5)
ALT (IU/L)
77
(17-367)
AST (IU/L)
69
(27-273)
Albumin (mg/dL)
3.6
(2.9-4.7)
Prothrombin Concentration (%)
80
(66-100)
Platelets count (thousands/mm3)
333
(110-284)
HAI
5
(0-11)
TIS
9
(0-27)
Steatosis
n = 12
None (n = 30)
10
Mild (n = 5)
0
Moderate (n = 6)
2
Severe (n = 2)
0

Mild fibrosis (n = 20)
Median (min-max)
7.3 (1 yr-19 yr)
36
(12-120)
6
(0-24)
18
(0-119)
0.8
(0.3-4.3)
0.2
(0.1-1.3)
88
(16-432)
84
(28-415)
4.2
(3.1-5.3)
87
(60-100)
266
(138-396)
5
(0-10)
3
(0-18)
n = 20
13
4
2
1

Fibrosis groups
Total
Minimal
Extensive
fibrosis
fibrosis
n = 20
n = 11
7
6
16
13
5
27

P = 0.33 (NS).

correlated significantly with higher grades of fibrosis as
was also reported by Ghany et al[13].
The relationship between serum ALT and liver disease
progression remains controversial. Although the mean
value of ALT appeared to increase hand in hand with
degree of fibrosis, yet the results did not reach statistical
significance (Table 2). Ghany et al [13] found that the
magnitude of elevated ALT and AST levels were most
predictive of more rapid fibrosis progression. In crosssectional studies, serum ALT levels have correlated weakly
with disease activity and little or not at all with hepatic
fibrosis[7]. Recent reports state that it is recognized that
even patients with normal ALT do not necessarily have
inactive disease by histopathological evaluations. This
confirms the value of liver biopsy prior to initiation of
antiviral therapy to identify those who will benefit from
therapy[10].
What was interesting in our results was the duration

2.5

2.0
Cum hazard

No
fibrosis
n = 12
Without co-morbid condition
3
With co-morbid condition
9

Fibrosis
No fibrosis

Hazard function

3.0

Table 3 Association of fibrosis stage with co-morbid condition

Moderate to extensive fibrosis (n = 11)
P
Median (min-max)
11 (2 mo-18 yr)
0.394 (NS)
12
0.627 (NS)
(2.4-144)
1.2
0.015 (S)
(0-7.2)
12
0.411 (NS)
(1.2-141)
1.5
0.270 (NS)
(0.4-11)
0.5
0.048 (S)
(0.1-10)
97
0.649 (NS)
(30-1200)
96
0.912 (NS)
(26-927)
3.1
0.119 (NS)
(2.8-4.7)
80
0.458 (NS)
(55-97)
306
0.329 (NS)
(95-302)
4
0.574 (NS)
(0-9)
9
0.49 (NS)
(0-18)
n = 11
7
0.61 (NS)
1
2
1

1.5

1.0

0.5

0.0
0.0

2.0

4.0

6.0

8.0

10.0

12.0

Duration from exp to biopsy (yr)

Figure 1 Cumulative hazard of fibrosis development.

from 1st detected ALT elevation to development of
fibrosis. This duration was significantly shorter in those
developing moderate to extensive fibrosis. This signifies
that the earlier the ALT elevation in the course of hepatitis
C, the more extensive fibrosis will be. This indirectly
points to the importance of ALT elevation in association
www.wjgnet.com
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with fibrosis. In addition, liver fibrosis was reported to be
considerably slower in HCV-infected patients with normal,
as compared with elevated, ALT levels[32,33].
In the present study, we could not find an association
between fibrosis and necro-inflammation. Similarly, other
studies did not show an association between inflammation
and fibrosis progression [34,35]. On a single liver biopsy,
there is little or no correlation between severity of the
necroinflammatory activity and degree of fibrosis[4,36]. In a
cohort of 123 patients, Ghany et al[13] identified age, ALT,
and periportal inflammation as independent predictors
of fibrosis progression from a dataset that included viral,
demographic, biochemical, and histologic factors.
Poynard et al[30] found that although fibrosis stage and
inflammatory grade were correlated, however, there was
discordance in 36% of their patients. Accordingly, they
reported that activity grade, which represents necrosis is
not a good predictor of fibrosis progression, but fibrosis
alone is the best marker of ongoing fibrogenesis.
We reported positive iron staining in 55% of our
cases. Iron accumulation was less frequently reported
by Badizadegan et al[25] and Guido et al[24] (22% and 8.7%
respectively). Forty percent of our cases were thalassemics
which explains the high incidence of iron staining in our
study. The role of hepatic iron stores in hepatic damage
caused by HCV infection is unclear. Transfusional hemosiderosis has been recognized to play a significant role in
the development of chronic liver disease, as liver fibrosis
and cirrhosis are well-known complications in thalassemia
and sickle cell anemia[37]. Among our studied cases, mean
TIS showed no statistically significant difference between
the various fibrosis groups as previously reported by
Haque et al[38] and Boucher et al[39].
Steatosis was present in nearly one-third of our cases,
but was severe in only 2 cases one with mild and the other
with moderate to extensive fibrosis. Steatosis is a frequent
finding in chronic hepatitis C, with between 40% and 70%
(mean 55.9%) of such biopsies showing some degree of
fibrosis[8,40,41]. It was suggested that the concurrence of
steatosis and chronic HCV may be synergistic in causing
hepatic fibrosis[7]. Perumalswami et al[42] reported that initial
hepatic steatosis did not predict the degree of fibrosis
progression on follow up.
Presence of co-morbid condition (blood disease or
malignancy) did not affect the grade of fibrosis. Although
during treatment of malignancies patients are exposed
to periods of immune deficiency, the most pronounced
immune deficient state that was reported to be associated
with fibrosis progression was co-infection with HIV[4,43]
and liver transplant recipients[44,45]. None of our patients
was HIV positive.
In conclusion, 72.1% of children with HCV infection
have hepatic fibrosis. The development of fibrosis was
associated with higher levels of direct serum bilirubin.
There was no significant association between fibrosis
and age, duration of infection, risk factors, co-morbid
conditions and most biochemical parameters.

REFERENCES
1

Abdel-Wahab MF, Zakaria S, Kamel M, Abdel-Khaliq MK,

www.wjgnet.com

2

3
4

5
6

7
8
9
10
11

12

13

14
15

16

17

18

19

20

May 28, 2007

Volume 13

Number 20

Mabrouk MA, Salama H, Esmat G, Thomas DL, Strickland
GT. High seroprevalence of hepatitis C infection among risk
groups in Egypt. Am J Trop Med Hyg 1994; 51: 563-567
Chamberlain RW, Adams N, Saeed AA, Simmonds P, Elliott
RM. Complete nucleotide sequence of a type 4 hepatitis C
virus variant, the predominant genotype in the Middle East. J
Gen Virol 1997; 78: 1341-1347
WHO. Hepatitis C: global prevalence. Wkly Epidemiol Rec 1997;
72: 341–344
Poynard T, Bedossa P, Opolon P. Natural history of liver
fibrosis progression in patients with chronic hepatitis C. The
OBSVIRC, METAVIR, CLINIVIR, and DOSVIRC groups.
Lancet 1997; 349: 825-832
Seeff LB. Natural history of hepatitis C. Hepatology 1997; 26:
21S-28S
Danta M, Dore GJ, Hennessy L, Li Y, Vickers CR, Harley H,
Ngu M, Reed W, Desmond PV, Sievert W, Farrell GC, Kaldor
JM, Batey RG. Factors associated with severity of hepatic
fibrosis in people with chronic hepatitis C infection. Med J Aust
2002; 177: 240-245
Marcellin P, Asselah T, Boyer N. Fibrosis and disease
progression in hepatitis C. Hepatology 2002; 36: S47-S56
Kleiner DE. The liver biopsy in chronic hepatitis C: a view
from the other side of the microscope. Semin Liver Dis 2005; 25:
52-64
National Institutes of Health Consensus Development
Conference Panel statement Management of hepatitis C.
Hepatology 1997; 26: 2S-10S
National Institutes of Health Consensus Development
Conference Statement Management of Hepatitis C-June10-12, 2002. Hepatology 2002; 36: S3–S20
Jara P, Resti M, Hierro L, Giacchino R, Barbera C, Zancan L,
Crivellaro C, Sokal E, Azzari C, Guido M, Bortolotti F. Chronic
hepatitis C virus infection in childhood: clinical patterns and
evolution in 224 white children. Clin Infect Dis 2003; 36: 275-280
El-Raziky MS, El-Hawary M, El-Koofy N, Okasha S, Kotb M,
Salama K, Esmat G, El-Raziky M, Abouzied AM, El-Karaksy H.
Hepatitis C virus infection in Egyptian children: single centre
experience. J Viral Hepat 2004; 11: 471-476
Ghany MG, Kleiner DE, Alter H, Doo E, Khokar F, Promrat
K, Herion D, Park Y, Liang TJ, Hoofnagle JH. Progression
of fibrosis in chronic hepatitis C. Gastroenterology 2003; 124:
97-104
Bedossa P. Morphological aspects of the normal and
pathological liver. Pathol Biol (Paris) 1999; 47: 879-885
Knodell RG, Ishak KG, Black WC, Chen TS, Craig R,
Kaplowitz N, Kiernan TW, Wollman J. Formulation and
application of a numerical scoring system for assessing
histological activity in asymptomatic chronic active hepatitis.
Hepatology 1981; 1: 431-435
Deugnier YM, Loreal O, Turlin B, Guyader D, Jouanolle H,
Moirand R, Jacquelinet C, Brissot P. Liver pathology in genetic
hemochromatosis: a review of 135 homozygous cases and their
bioclinical correlations. Gastroenterology 1992; 102: 2050-2059
Halonen P, Mattila J, Suominen P, Ruuska T, Salo MK,
Makipernaa A. Iron overload in children who are treated for
acute lymphoblastic leukemia estimated by liver siderosis and
serum iron parameters. Pediatrics 2003; 111: 91-96
Brunt EM, Janney CG, Di Bisceglie AM, Neuschwander-Tetri
BA, Bacon BR. Nonalcoholic steatohepatitis: a proposal for
grading and staging the histological lesions. Am J Gastroenterol
1999; 94: 2467-2474
Guido M, Bortolotti F, Leandro G, Jara P, Hierro L, Larrauri
J, Barbera C, Giacchino R, Zancan L, Balli F, Crivellaro C,
Cristina E, Pucci A, Rugge M. Fibrosis in chronic hepatitis
C acquired in infancy: is it only a matter of time? Am J
Gastroenterol 2003; 98: 660-663
El-Shorbagy E, Afefy AF, Ibrahem IA, Mangoud AM, Eissa
MH, Sabee EI, Mahrous S, Abdel-Monem A, Ismail A, Morsy
TA, Etewa S, Nor Edin E, Mostafa Y, Abouel-Magd Y, elSedawy M, Ragab H, el-Tokhy H, Hassan MI, Lakouz K,
Abdel-Aziz K, el-Hady G, Saber M. Non-invasive markers
and predictors of severity of hepatic fibrosis in HCV patients

El-Hawary M et al . Liver fibrosis in children with HCV infection

21

22

23

24

25
26
27

28

29

30
31
32

33

at Sharkia Governorate, Egypt. J Egypt Soc Parasitol 2004; 34:
459-478
Kage M, Fujisawa T, Shiraki K, Tanaka T, Fujisawa T, Kimura
A, Shimamatsu K, Nakashima E, Kojiro M, Koike M, Tazawa
Y, Abukawa D, Okaniwa M, Takita H, Matsui A, Hayashi T,
Etou T, Terasawa S, Sugiyama K, Tajiri H, Yoden A, Kajiwara
Y, Sata M, Uchimura Y. Pathology of chronic hepatitis C in
children. Child Liver Study Group of Japan. Hepatology 1997;
26: 771-775
Vogt M, Lang T, Frosner G, Klingler C, Sendl AF, Zeller A,
Wiebecke B, Langer B, Meisner H, Hess J. Prevalence and
clinical outcome of hepatitis C infection in children who
underwent cardiac surgery before the implementation of
blood-donor screening. N Engl J Med 1999; 341: 866-870
Bain VG, Bonacini M, Govindarajan S, Ma M, Sherman M,
Gibas A, Cotler SJ, Deschenes M, Kaita K, Jhangri GS. A
multicentre study of the usefulness of liver biopsy in hepatitis
C. J Viral Hepat 2004; 11: 375-382
Guido M, Rugge M, Jara P, Hierro L, Giacchino R, Larrauri J,
Zancan L, Leandro G, Marino CE, Balli F, Bagni A, Timitilli A,
Bortolotti F. Chronic hepatitis C in children: the pathological
and clinical spectrum. Gastroenterology 1998; 115: 1525-1529
Badizadegan K, Jonas MM, Ott MJ, Nelson SP, Perez-Atayde
AR. Histopathology of the liver in children with chronic
hepatitis C viral infection. Hepatology 1998; 28: 1416-1423
Afdhal NH. The natural history of hepatitis C. Semin Liver Dis
2004; 24 Suppl 2: 3-8
Di Bisceglie AM, Goodman ZD, Ishak KG, Hoofnagle
JH, Melpolder JJ, Alter HJ. Long-term clinical and
histopathological follow-up of chronic posttransfusion
hepatitis. Hepatology 1991; 14: 969-974
Roudot-Thoraval F, Bastie A, Pawlotsky JM, Dhumeaux D.
Epidemiological factors affecting the severity of hepatitis C
virus-related liver disease: a French survey of 6,664 patients.
The Study Group for the Prevalence and the Epidemiology of
Hepatitis C Virus. Hepatology 1997; 26: 485-490
Collier JD, Woodall T, Wight DG, Shore S, Gimson AE,
Alexander GJ. Predicting progressive hepatic fibrosis stage on
subsequent liver biopsy in chronic hepatitis C virus infection. J
Viral Hepat 2005; 12: 74-80
Poynard T, Ratziu V, Benmanov Y, Di Martino V, Bedossa
P, Opolon P. Fibrosis in patients with chronic hepatitis C:
detection and significance. Semin Liver Dis 2000; 20: 47-55
Wong V, Caronia S, Wight D, Palmer CR, Petrik J, Britton P,
Alexander GJ. Importance of age in chronic hepatitis C virus
infection. J Viral Hepat 1997; 4: 255-264
Mathurin P, Moussalli J, Cadranel JF, Thibault V, Charlotte
F, Dumouchel P, Cazier A, Huraux JM, Devergie B, Vidaud
M, Opolon P, Poynard T. Slow progression rate of fibrosis in
hepatitis C virus patients with persistently normal alanine
transaminase activity. Hepatology 1998; 27: 868-872
Shiffman ML, Stewart CA, Hofmann CM, Contos MJ, Luketic
VA, Sterling RK, Sanyal AJ. Chronic infection with hepatitis

2851

34

35
36
37

38
39

40

41

42

43

44

45

C virus in patients with elevated or persistently normal
serum alanine aminotransferase levels: comparison of hepatic
histology and response to interferon therapy. J Infect Dis 2000;
182: 1595-1601
Zarski JP, Mc Hutchison J, Bronowicki JP, Sturm N, GarciaKennedy R, Hodaj E, Truta B, Wright T, Gish R. Rate of
natural disease progression in patients with chronic hepatitis C.
J Hepatol 2003; 38: 307-314
Ryder SD, Irving WL, Jones DA, Neal KR, Underwood JC.
Progression of hepatic fibrosis in patients with hepatitis C: a
prospective repeat liver biopsy study. Gut 2004; 53: 451-455
Poynard T, Ratziu V, Charlotte F, Goodman Z, McHutchison
J, Albrecht J. Rates and risk factors of liver fibrosis progression
in patients with chronic hepatitis c. J Hepatol 2001; 34: 730-739
Angelucci E, Muretto P, Nicolucci A, Baronciani D, Erer B,
Gaziev J, Ripalti M, Sodani P, Tomassoni S, Visani G, Lucarelli
G. Effects of iron overload and hepatitis C virus positivity
in determining progression of liver fibrosis in thalassemia
following bone marrow transplantation. Blood 2002; 100: 17-21
Haque S, Chandra B, Gerber MA, Lok AS. Iron overload in
patients with chronic hepatitis C: a clinicopathologic study.
Hum Pathol 1996; 27: 1277-1281
Boucher E, Bourienne A, Adams P, Turlin B, Brissot P,
Deugnier Y. Liver iron concentration and distribution in
chronic hepatitis C before and after interferon treatment. Gut
1997; 41: 115-120
Brunt EM, Ramrakhiani S, Cordes BG, Neuschwander-Tetri
BA, Janney CG, Bacon BR, Di Bisceglie AM. Concurrence
of histologic features of steatohepatitis with other forms of
chronic liver disease. Mod Pathol 2003; 16: 49-56
Sanyal AJ, Contos MJ, Sterling RK, Luketic VA, Shiffman
ML, Stravitz RT, Mills AS. Nonalcoholic fatty liver disease
in patients with hepatitis C is associated with features of the
metabolic syndrome. Am J Gastroenterol 2003; 98: 2064-2071
Perumalswami P, Kleiner D, Lutchman G, et al. Hepatitis
C infection and hepatic steatosis; Fibrosis is not forged in
the flame of fat. Gastroenterology 2004; 126 (suppl 2): A-672
(Abstract 176)
Sulkowski MS, Mast EE, Seeff LB, Thomas DL. Hepatitis C
virus infection as an opportunistic disease in persons infected
with human immunodeficiency virus. Clin Infect Dis 2000; 30
Suppl 1: S77-S84
Prieto M, Berenguer M, Rayon JM, Cordoba J, Arguello
L, Carrasco D, Garcia-Herola A, Olaso V, De Juan M,
Gobernado M, Mir J, Berenguer J. High incidence of allograft
cirrhosis in hepatitis C virus genotype 1b infection following
transplantation: relationship with rejection episodes.
Hepatology 1999; 29: 250-256
Berenguer M, Ferrell L, Watson J, Prieto M, Kim M, Rayon
M, Cordoba J, Herola A, Ascher N, Mir J, Berenguer J,
Wright TL. HCV-related fibrosis progression following liver
transplantation: increase in recent years. J Hepatol 2000; 32:
673-684
S- Editor Wang J

L- Editor Li M E- Editor Liu Y

www.wjgnet.com

World J Gastroenterol 2007 May 28; 13(20): 2852-2854
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

Experience with gemcitabine and cisplatin in the therapy of
inoperable and metastatic cholangiocarcinoma
Chaiyut Charoentum, Sumitra Thongprasert, Busyamas Chewaskulyong, Sutthirak Munprakan
Chaiyut Charoentum, Sumitra Thongprasert, Busyamas
Chewaskulyong, Sutthirak Munprakan, Chiang Mai University,
Chiang Mai, Thailand
Correspondence to: Chaiyut Charoentum, MD, Maharaj
Nakorn Chiang Mai Hospital, Department of Medicine, Faculty of
Medicine, Chiang Mai University, 110 Intawaroros Road, Maung
district, Chiang Mai 50200,
Thailand. ccharoen@mail.med.cmu.ac.th
Telephone: +66-53-946488 Fax: +66-53-945481
Received: 2007-02-15
Accepted: 2007-03-21

Charoentum C, Thongprasert S, Chewaskulyong B,
Munprakan S. Experience with gemcitabine and
cisplatin in the therapy of inoperable and metastatic
cholangiocarcinoma. World J Gastroenterol 2007; 13(20):

2852-2854

http://www.wjgnet.com/1007-9327/13/2852.asp

INTRODUCTION
Abstract
AIM: To study the activity of gemcitabine and cisplatin
in a cohort of patients with inoperable or metastatic
cholangiocarcinoma.
METHODS: C h e m o t h e ra p y- n a i v e p a t i e n t s w i t h
pathologically proven cholangiocarcinoma, receiving
2
treatment that consisted of gemcitabine at 1250 mg/m
in a 30-min infusion on d 1 and 8, and cisplatin at
2
75 mg/m at every 21-d cycle, were retrospectively
analyzed.
RESULTS: From June 2003 to December 2005, 42
patients were evaluated. Twelve patients (28%) had
unresectable disease and 30 (72%) had metastatic
disease. There were 28 males and 14 females with
a median age of 51 years (range 33-67) and median
ECOG PS of 1 (range 0-2). A total of 171 cycles were
given with a median number of cycles of 4 (range 1-6).
There were 0 CR, 9 PR, 11 SD and 13 PD (response rate
21%). Grade 3-4 hematologic toxicities were: anemia in
33%, neutropenia in 22% and thrombocytopenia in 5%.
Non-hematologic toxicity was generally mild. No cases
of febrile neutropenia or treatment-related death were
noted. The median survival was 10.8 mo (range 8.4-13
mo) and progression free survival was 8.5 mo. One-year
survival rate was 40%.
CONCLUSION: Our results indicate that the
combination of gemcitabine and cisplatin had consistent
efficacy in patients with unresectable or metastatic
cholangiocarcinoma.
© 2007 The WJG Press. All rights reserved.
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Cholangiocarcinoma once known as an endemic cancer in
the northeastern part of Thailand is now an increasingly
recognized common malignancy in the north of the
country. It is one of the most difficult malignancies to
diagnose and it presents late with unresectable disease.
Consequently, an effective and well tolerated systemic
therapy is urgently needed in the battle against this deadly
disease. To date, chemotherapy has played a limited role
because of its lack of activity and the overall toxicity
of treatment in this high risk population. As with other
gastrointestinal cancers, 5-fluorouracil (5-FU) as a
single agent or in combination is the most tested drug
for this disease. The wide range of activity of a 5-FU
based regimen had been reported to range from 0% to
30%[1-3]. Many studies included a heterogeneous group
of patients, with tumors arising from different anatomic
sites along the biliary tract such as gall bladder cancer,
periampullary cancer and cholangiocarcinoma, which may
have a different biology and sensitivity to chemotherapy.
Different chemotherapeutic agents have been evaluated
in small uncontrolled studies with generally poor results.
Among the lists, the nucleoside analog gemcitabine seems
to be the most promising new agent with consistent
data supporting efficacy and tolerability in biliary tract
cancer[4,5]. We previously reported a phase Ⅱ study of
gemcitabine and cisplatin combination in 40 patients (38
with cholangiocarcinoma, 1 with periampullary cancer
and 1 with gall bladder cancer) which produced an
overall response rate of 27.5% with a median survival
of 36 wk [6]. This combination has been well tolerated
with predictably mild hematologic toxicity. After the
completion of that study in July 2002, we continued to
treat cholangiocarcinoma patients at our institution with
this regimen. We hereby report the results after treatment
of gemcitabine and cisplatin combination in 42 chemonaive cholangiocarcinoma patients.
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MATERIALS AND METHODS
Patients
The retrospective analysis included patients with histologically or cytologically proven unresectable or metastatic
cholangiocarcinoma, seen at Maharaj Nakorn Chiang Mai
Hospital. Eligibility, schema of chemotherapy, dose of
medication and evaluation criteria were similar to previous
reports and briefly outlined here.
Only patients with measurable disease and an ECOG
performance status of 0-2 were included. All patients had
to have adequate baseline organ functions, as stated in
the following: absolute neutrophil count (ANC) > 1500/
µL, platelet count > 100 000/µL, total serum bilirubin
of 5.0 mg/dL, serum AST/ALT < 2.5 above twice the
institution's normal upper limit and creatinine of less than
1.5 mg/dL. Patients who received prior chemotherapy for
unresectable or metastatic cholangiocarcinoma were not
included in this analysis.
Treatment
Patients received gemcitabine at 1250 mg/m2 by short
30-min infusion on d 1 and 8, and cisplatin at 75 mg/m2
by 1 to 2 h intravenous infusion on d 1 of every 3-wk
interval for a maximum of 6 cycles. Patients were given
pretreatment intravenous hydration of at least 1 L over 2
to 3 h. The patients also received mannitol diuresis and
post treatment hydration. Appropriate antiemetic regimens
(e.g. ondansetron and dexamethasone) were given before
and after the administration of cisplatin.
Dose modification
The d 8 dose of gemcitabine was reduced by 20% if an
ANC > 1000-1500/µL and platelets of > 50 000-100 000/
µL were observed. If ANC and platelets were lower than
the above, the d 8 dose of gemcitabine was omitted.
The dose adjustment criteria also based on the worst
toxicity observed during the previous course. The dose of
gemcitabine was reduced by 20% for neutropenic fever
or a sustained ANC of less than 500/µL or platelets less
than 50 000/µL for more than 5 d. Granulocyte colonystimulating factor (G-CSF) was generally not used.
Treatment was repeated at every 3-wk interval for
a maximum of 6 cycles and was discontinued when
unacceptable toxicities occurred, disease progressed or
patients had intermittent illness that prevented further
administration of treatment.
Patients’ evaluation
Before each chemotherapy administration, the following
assessments were performed and recorded: medical history
with toxicity assessment, physical examination, body
weight, and PS, complete blood count and differential,
and serum chemistries. The patients were seen on d 1 and
8 of each treatment cycle by a physician in the outpatient
clinic; toxicities were assessed at this time. Toxicities were
graded according to the NCIC CTG Expanded Common
Toxicity Criteria version 2.0. Tumor response was
assessed according to the WHO criteria, with a CT scan
or ultrasound evaluation of the indicator lesions after the
second cycle of chemotherapy.
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Table 1 Patient characteristics
Characteristics
Age (yr)
Median
(range)
Sex
Female
Male
ECOG performance status
0-1
2
Disease
Unresectable
Metastatic disease

No. of patients (n = 42)
51
(33-67)
14 (33%)
28 (67%)
35 (83%)
7 (17%)
12 (28%)
30 (72%)

Table 2 Major toxicity
Toxicity
Anemia grade 3/4
Neutropenia grade 3/4
Thrombocytopenia grade 3/4
Nephrotoxicity (Creatinine) grade ≥ 2
Nausea/vomiting grade ≥ 2
Neuropathy grade ≥ 2
AST/ALT grade ≥ 2

%
31/2
19/2
  5/0
0
0
0
0

Statistical analysis
The patients were monitored and recorded for treatmentrelated toxicity, response and time to death. Those who
received two or more cycles were evaluated for response,
while those who received at least 1 cycle were evaluated
for toxicity and survival. The purpose of this analysis was
to determine whether the activity of this chemotherapy
is reproducible in an expanded cohort of patients with
cholangiocarcinoma. The primary endpoint of the analysis
was the overall response rate (complete plus partial
responses). A secondary objective was to document
toxicity and survival. Overall survival was estimated using
the method of Kaplan and Meier.

RESULTS
From June 2003 to December 2005, 42 patients were
evaluated retrospectively in the same institution. Patient
demographics are listed in Table 1. There were 28 males
(67%) and 14 females (33%). The median age was 51 years
(range, 33 to 67) and the median ECOG performance
status was 1 (range 0-2). Twelve patients (28%) had
unresectable disease and 30 (72%) had metastatic disease.
A total of 171 cycles of therapy were delivered and
the median number of cycles was 4 (range 1-6). There
were no complete responses, 9 patients (22%) achieved
partial response, 11 patients (26%) had stable disease
and the remaining 22 patients (52%) had PD disease
progression. Severe toxicities are listed in Table 2. Grade 3
toxicities were observed in the following: anemia in 31%,
neutropenia in 19% and thrombocytopenia in 5%. One
patient (2%) had grade 4 neutropenia and the others had
grade 4 anemia. Non-hematologic toxicity was generally
mild including nausea, vomiting and fatigue. There was
www.wjgnet.com
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agent gemcitabine [9,10]. Moreover, recent data suggest
a therapeutic benefit of targeted agents with different
mechanisms of action and toxicity such as epidermal
growth factor receptor (EGFR) blockade, i.e. erlotinib,
which warrants further study in combination with other
existing active agents to take another step forward in
treating this disease[11].
In conclusion, therapy with gemcitabine and cisplatin
as seen here has consistent activity and is a well tolerated
therapeutic option for patients with unresectable and
metastatic cholangiocarcinoma. Further study is warranted
to determine the optimal dose and schedule. To clarify
the survival advantage, a randomized study needs to be
performed.

Figure 1 Overall survival.

REFERENCES
no episode of neutropenic fever or treatment-related
death. The median time to progression was 8.5 mo and the
median survival was 10.8 mo (range 8.4-13 mo) (Figure 1).
One-year survival rate was 40%.

1

DISCUSSION

3

We report here one of the largest case series in cholangiocarcinoma. The combination of gemcitabine and
cisplatin achieved a response rate of 22% plus an
additional disease stabilization rate of 26% giving an
overall disease control rate of 48%. The median survival
was 10.8 mo with a 1-year survival rate of 40% which were
encouraging in the majority of patients with metastatic
disease. These efficacy data compared favorably with our
previous report and other trials using this gemcitabine and
cisplatin combination, with slightly different doses and
schedules[6-8]. However, grade 3 anemia occurred more
frequently in this patient cohort. Anemia was not in the
exclusion criteria for receiving or delaying the initiation
of chemotherapy and about 28% of the patients already
had grade 1 anemia at baseline. This could explain the
high incidence of severe anemia during treatment in this
analysis.
Single agent gemcitabine also demonstrated a response
rate of 22% to 30% in previous reports with generally
mild toxicity[4,5]. A randomized study comparing single
agent gemcitabine or gemcitabine plus cisplatin, similar to
our regimen in the biliary cancer, is warranted and ongoing
in the United Kingdom. The results of this large trial from
a cooperative group will provide more definite conclusions
on tolerability and efficacy between these regimens and
potentially set a new reference regimen for this disease.
Many new chemotherapy agents including oxaliplatin and
capecitabine have also been tested in combination with
gemcitabine and they were shown as well to be active
regimens with a response rate ranging from 22% to 36%
that make a reasonable comparative arm with the single

2

4

5

6

7

8

9

10

11

Falkson G, MacIntyre JM, Moertel CG. Eastern Cooperative
Oncology Group experience with chemotherapy for inoperable
gallbladder and bile duct cancer. Cancer 1984; 54: 965-969
Takada T, Kato H, Matsushiro T, Nimura Y, Nagakawa T,
Nakayama T. Comparison of 5-fluorouracil, doxorubicin and
mitomycin C with 5-fluorouracil alone in the treatment of
pancreatic-biliary carcinomas. Oncology 1994; 51: 396-400
Choi CW, Choi IK, Seo JH, Kim BS, Kim JS, Kim CD, Um SH,
Kim JS, Kim YH. Effects of 5-fluorouracil and leucovorin in
the treatment of pancreatic-biliary tract adenocarcinomas. Am
J Clin Oncol 2000; 23: 425-428
Kubicka S, Rudolph KL, Tietze MK, Lorenz M, Manns
M. Phase II study of systemic gemcitabine chemotherapy
for advanced unresectable hepatobiliary carcinomas.
Hepatogastroenterology 2001; 48: 783-789
Penz M, Kornek GV, Raderer M, Ulrich-Pur H, Fiebiger W,
Lenauer A, Depisch D, Krauss G, Schneeweiss B, Scheithauer
W. Phase II trial of two-weekly gemcitabine in patients with
advanced biliary tract cancer. Ann Oncol 2001; 12: 183-186
Thongprasert S, Napapan S, Charoentum C, Moonprakan
S. Phase II study of gemcitabine and cisplatin as first-line
chemotherapy in inoperable biliary tract carcinoma. Ann Oncol
2005; 16: 279-281
Park BK, Kim YJ, Park JY, Bang S, Park SW, Chung JB, Kim
KS, Choi JS, Lee WJ, Song SY. Phase II study of gemcitabine
and cisplatin in advanced biliary tract cancer. J Gastroenterol
Hepatol 2006; 21: 999-1003
Kim ST, Park JO, Lee J, Lee KT, Lee JK, Choi SH, Heo JS, Park
YS, Kang WK, Park K. A Phase II study of gemcitabine and
cisplatin in advanced biliary tract cancer. Cancer 2006; 106:
1339-1346
Andre T, Tournigand C, Rosmorduc O, Provent S, MaindraultGoebel F, Avenin D, Selle F, Paye F, Hannoun L, Houry S,
Gayet B, Lotz JP, de Gramont A, Louvet C. Gemcitabine
combined with oxaliplatin (GEMOX) in advanced biliary
tract adenocarcinoma: a GERCOR study. Ann Oncol 2004; 15:
1339-1343
Cho JY, Paik YH, Chang YS, Lee SJ, Lee DK, Song SY, Chung
JB, Park MS, Yu JS, Yoon DS. Capecitabine combined with
gemcitabine (CapGem) as first-line treatment in patients with
advanced/metastatic biliary tract carcinoma. Cancer 2005; 104:
2753-2758
Philip PA, Mahoney MR, Allmer C, Thomas J, Pitot HC, Kim G,
Donehower RC, Fitch T, Picus J, Erlichman C. Phase II study
of erlotinib in patients with advanced biliary cancer. J Clin
Oncol 2006; 24: 3069-3074
S- Editor Liu Y L- Editor Alpini GD

www.wjgnet.com

E- Editor Liu Y

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

World J Gastroenterol 2007 May 28; 13(20): 2855-2857
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

RAPID COMMUNICATION

New concept of ileocecal junction: Intussusception of the
terminal ileum into the cecum
Burin Awapittaya, Jirawat Pattana-arun,Tanwa Tansatit, Prapon Kanjanasilpa, Chucheep Sahakijrungruang,
Arun Rojanasakul
Burin Awapittaya, Colorectal Division, Department of Surgery,
Rajavithi Hospital, Bangkok 10400, Thailand
Jirawat Pattana-arun , Colorectal Division, Department of
Surgery, Faculty of Medicine, King Chulalongkorn Memorial
Hospital, Chulalongkorn University, Bangkok 10330, Thailand
Tanwa Tansatit, Department of Anatomy, Faculty of Medicine,
Chulalongkorn University, Bangkok 10330, Thailand
Prapon Kanjanasilpa, Department of Anatomy, Faculty of
Medicine, Chulalongkorn University, Bangkok 10330, Thailand
Chucheep Sahakijrungruang, Colorectal Division, Department
of Surgery, Faculty of Medicine, King Chulalongkorn Memorial
Hospital, Chulalongkorn University, Bangkok 10330, Thailand
Arun Rojanasakul, Colorectal Division, Department of Surgery,
Faculty of Medicine, King Chulalongkorn Memorial Hospital,
Chulalongkorn University, Bangkok 10330, Thailand
Correspondence to: Burin Awapittaya, MD, Colorectal
Division, Department of Surgery, Rajavithi Hospital, Bangkok
10400, Thailand. burinmail@gmail.com
Telephone: +66-2-3458080 Fax: +66-2-3548080
Received: 2007-02-09
Accepted: 2007-03-08

Abstract
AIM: To prove that the terminal ileum is intussuscepted
into the cecum creating the ileocecal junction, contrary
to previous valvular concept which has been widely
believed.
METHODS: This study is based on gross and microscopic
examinations of fresh specimens derived from colonic
operations (right hemicolectomy or subtotal colectomy).
Data compiled from observing and dissecting of
specimens of seven patients are used to examine both
gross and microscopic appearance of ileocecal junction.
RESULTS: Intussusception of the terminal ileum
was found in every specimen. However, the length of
intussusception was different in each specimen.
CONCLUSION: Gross and microscopic appearance
studies suggest that the terminal ileum is intussuscepted
into the cecum.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The anatomy of the ileocecal junction (IC junction) was
first described as ileocecal valve concept; fold of mucosa
into the lumen of cecum [1,2] . Later studies described
a thickened muscular eminence, and the concept of
sphincter at IC junction was emerged. Manometric studies
had shown characteristic of IC junction [3-8] . A fourcentimeter zone of elevated pressure was demonstrated
at the junction[3]. Physiological study of the IC junction
has suggested that "ceco-ileal excitatory reflex", initiated
by Ileal distension stimulate the reflex relaxation of IC
junction and cecal, is the main mechanism in allowing the
chime to pass into the cecum. Cecal distension appears
to evoke reflex ileal and IC junction, thus preventing
ceco-ileal reflux[4]. Kumar and Phillips[1,8] proposed that
competency of IC junction is facilitated by angulation of
the ileum on the cecum, an anatomic arrangement which
maintained by external (superior and inferior ileocecal)
ligaments.
However, from our observation, during the operation
and examination of specimens reveal that the appearance
o f i l e o c e c a l j u n c t i o n a s t h e t e r m i n a l i l e u m wa s
intussuscepted into the cecum, of which is the point that
this study attempts to prove.

MATERIALS AND METHODS
Seven specimens of colon and terminal ileum (including
ileocecal junction) from seven patients were collected for
this study.
Inclusion ��������
c�������
riteria
(1) Specimens derived from right hemicolectomy or
extended right hemicolectomy; (2) Specimens derived from
subtotal colectomy.
Exclusion ��������
c�������
riteria
(1) Specimens of patients who had disease or pathology
of ileocecal junction; (2) Specimens of patients who
www.wjgnet.com
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Table1 Details of patients and operations
Patient’s diagnosis

Age (yr) Gender Operation

Colonic cancer of the
ascending colon
Colonic cancer of the
hepatic flexure
Colonic cancer of the
sigmoid colon
Bleeding diverticulosis
Colonic cancer of the
hepatic flexure
Colonic cancer of the
hepatic flexure
Colonic cancer of the
transverse colon

58

Male

Right hemicolectomy

64

Male

Right hemicolectomy

53

Male

Subtotal colectomy

70
74

Female Subtotal colectomy
Male
Extended right hemicolectomy

64

Female Extended right hemicolectomy

64

Male

Extended right hemicolectomy
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Table 2 Findings of specimen examination and the length of
the intussusception of the terminal ileum
Specimen
Patient 1’s specimen
Patient 2’s specimen
Patient 3’s specimen
Patient 4’s specimen
Patient 5’s specimen
Patient 6’s specimen
Patient 7’s specimen

Intussusception
Yes
Yes
Yes
Yes
Yes
Yes
Yes

A

Length of intussusception (cm)
1.6
1
0.5
2
1.4
1.6
1.9

B

C

Figure 1 Intussusception of the terminal ileum into the cecum.

Figure 2 Reduction of the intussusceptum part of the terminal ileum from the
cecal wall (blue marker). A: Point of intussusception; B: Dissection and reduction
of intussusception; C: Length of intussusception, after reduction.

underwent appen-dectomy.
Methods of studying the ileocecal junction from
specimens
Gross anatomy examination is conducted to investigate
the possibility of terminal ileum intussuscepted into the
cecum. In case of detecting the intussusception, the length
of the terminal ileum which is intussuscepted in to the
cecum will be measured.
Microscopic examination with H&E staining is conducted
to determine the intussusception of terminal ileum into
the cecum by dissecting specimens from the ileocecal
junction area.

RESULTS
Seven specimens from seven patients were used in this
study. Details of patients are shown in Table 1.
Findings of gross appearance reveal that the terminal
ileum is intussuscepted into the cecum in all seven
specimens (Figures 1 and 2). However, the length of the
intussusception is different as shown in Table 2.
The microscopic examination supports our postulation
that there is the intussusception of the terminal ileum into
the cecum at the ileocecal junction. Figures 3 and 4 show
both muscular layers of the terminal ileum and the cecum
in the area of intussusception.

www.wjgnet.com

Cecum

Ileum

Figure 3 Cross section of the specimen reveals wall of the terminal ileum
intussuscepted into the cecum (arrow).

DISCUSSION
In 1859 John Hunter proposed his valvular concept of the
ileocecal junction of which the mucosa fold extending into
the cecum (Flap-valve)[1]. However, our findings from the
observation during the operation of the ileocecal junction
area and examination of specimens, revealed that there is
an intussusception of the terminal ileum into the cecum in
every specimen. Cross section of ileocecal junction display
both muscular and mucosal layers of the terminal ileum fold

Awapittaya B et al . New concept of IC valve
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bundled up together in the ileocecal junction.
According to these findings, our impression that
all layers of the terminal ileum is intussuscepted into
the cecum wall is the important role in the anatomy of
ileocecal junction which contrary to the previous belief of
merely the mucosa.
We will later explore the relationship between the
intussusception of the terminal ileum into the cecum and
the competency for the ileocecal junction.
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Abstract
AIM: To reserve the rare Chinese familial adenomas
polyp (FAP) family resource and to investigate the clinical
features of FAP in Chinese for its diagnosis.
METHODS: Clinical features of patients with FAP were
investigated. If there is any question, their medical
records were verified. Blood sample was taken and
lymphocyte immortal cell lines were established with
modified EB-transformation methods. Congenital
hypertrophy of retinal pigment epithelium (CHRPE) was
checked by an experienced ophthalmologist.
RESULTS: Twenty seven families including 21 classical
FAP (CFAP) families, 3 attenuated FAP (AFAP) families,
and 3 suspected AFAP families were investigated. A total
of 116 lymphocyte immortal cell lines were established
from 26 families. In all the FAP families, colorectal
cancer occurred at the mean age of 42.84 years. Of
the 16 families checked, 15 (93.75%) had CHRPE. The
mean number of patients suffering from colorectal
neoplasm was 3.14 in CFAP families and 2.0 in AFAP
families (P < 0.01). The mean oldest age at diagnosis of
FAP was 41.75 years in CFAP families, and 58.67 years
in AFAP families, respectively (P < 0.01). Mean age of
development of colorectal cancer was 42.23 in CFAP and
57.33 years old in AFAP (P < 0.01). Mean of the earliest
age at diagnosis of FAP was 29.95 years in the FAP
families with a positive family history and 46.80 years
in the FAP families with a negative family history (P <
0.01). The ratio of extra-intestinal tumors to colorectal
neoplasms was different in the two kinds of families with
positive and negative family history (P < 0.01).
CONCLUSION: Additional use of ciclosporin will
effectively improve to establish lymphocyte immortal
cell lines with modified EB- transformation methods. In
Chinese FAP, there was a high frequency of CHRPE , and
www.wjgnet.com

a later age at diagnosis and a later age of development
of colorectal cancer in AFAP. And earlier age at diagnosis
in FAP with positive family history was also found that
will help to diagnose various kinds of FAP in Chinese.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Familial adenomatous polyposis (FAP) is one of the
two commonest familial syndromes that predispose to
colorectal cancer in China. Classically, FAP is characterized
by the occur rence of hundreds to thousands of
colorectal polyps, which give rise to colorectal cancer if
left untreated. The disease is caused by mutations in the
adenomatous polyposis coli (APC) tumor suppressor
gene. Approximately 50% of offsprings in FAP family
will be affected, and prophylactic surgical intervention
is fundamental to avoid the development of colorectal
cancer[1]. Classical FAP is defined clinically by the finding
of at least 100 colorectal adenomas polyps. Another
different kind of FAP named attenuated FAP (AFAP)
in which adenomas are less than one hundreds, and the
average age of cancer onset is also older (55 years old)
than that of classical FAP (39 years old)[2,3]. However, little
is known about the clinical manifestations of these two
kinds of FAP in Chinese. It is also of vital importance to
collect and reserve FAP family resource and to analyze
FAP’s phenotype that will extend our understanding of
FAP and its diagnosis in Chinese.

MATERIALS AND METHODS
Methods
All FAP families were collected from the People’s Republic
of China, mainly from Zhejiang Province (24 families).
Classical FAP (CFAP) is defined clinically by the finding of
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Figure 1 Classical FAP pedigrees.

at least 100 colorectal adenoma polyps. In attenuated FAP
(AFAP), less than 100 adenomas could be found at the
age of over 40 years, and at least one of the following has
a family history of FAP or colorectal cancer, congenital
hypertrophy of retinal pigment epithelium (CHRPE). If a
proband was found in less than 100 adenomas and the age
was less than 40 years, this family was defined as suspected
AFAP. The clinical features of patients in one FAP family
were investigated. If there is any question, medical records
in hospital were verified. Blood samples were taken to
establish immortal lymphocyte cell lines with informed
consent.
Lymphocyte separation and cultivation: About 5 mL
blood was drawn into two BD vacutainers containing 3.6
mg k2 EDTA, and 2-2.5 mL blood was doubly diluted
with wash media such as RPMI 1640 culture, and added
into one tube containing Ficoll-plaque, then centrifuged at
2400 r/min for 13 min. The lymphocytes at the interface
were collected and washed with RPMI 1640.
EB virus transformation (immortalization)[4,5]: B95-8
cell line producing Epstein-barr virus (EBV) was cultured
and 1000 mL cell mixture was centrifuged at 2000 r/min
for 5 min at 4℃. The supernatants were collected and
centrifuged at 10 000 r/min for 2 h at 4℃. After the
supernatants were discarded, EBV was stayed in the
tube and resolved in 10 mL RPMI 1640 culture through
a 0.45 μm filter and stored at -80℃. Lymphocytes after
separation were resolved in an initiation medium (RPMI
1640, + 10%-15% heat-inactivated fetal bovine serum,
+ 2 μg/mL ciclosporin) in 24-well plates (Falcon), and 50
μL EB virus suspension was added. The lymphocytes were
incubated at 37℃ in an atmosphere containing 5% CO2
for one week without changing the medium. Then, the
medium was replaced with about half of the total volume
of the initiation medium every 2-3 d. After 10-15 d, clones
apppeared and grew rapidly. If the cell density was over
5 × 105, they transfomed into another 25 mL plate and
cultured for 10-15 d and freezed in liquid nitrogen.
Statistical analysis
Student's t test was used to analyze the mean between
different kinds of FAP, and chi-square test was used to
compare the ratio of extra-intestinal tumors and colorectal
neoplasms with SPSS 10.0 software.

RESULTS
Twenty-seven FAP families were investigated. Pedigrees

such as classical FAP were plotted (Figure 1).
In the 27 families, one family refused to afford blood
samples although its members received investigation. One
hundred and thirty-two blood samples were taken from 26
FAP families and 125 blood samples were used to establish
EB-transformed cell lines, in which 116 lymphocyte
immortal cell lines were successfully established (Figure 2) and
9 relatives’ lymphocytes failed to set up immortal cell lines
due to epiphyte contamination. The rate of successfully
transformed cell lines was 92.8% (116/125).
In the 27 families, there were 80 cases of colorectal
neoplasm (including adenoma and cancer). Among them,
colorectal cancer was diagnosed in 29 members from 19
FAP families at the age of 19-67 years, and colorectal
cancer occurred at the mean age of 42.84 years. Six
families were diagnosed with AFAP and suspected AFAP
in which the number of polyps in probands was less
than 100. Of the 6 families, 5 had 8 persons suffering
from extra colonic cancer including 3 lung cancers, 2
live cancers, 1 vocal, stomach and small intestine cancer,
respectively.
The phenotype in the three different FAP families
is listed in Table 1A and 1B, and the phenotype in FAP
families with positive and negative family history is listed
in Table 2A and B.
There was a difference in the number of colorectal
neoplasms (due to their definitions) between CFAP and
AFAP families and the mean oldest age at diagnosis
of FAP and colorectal cancer. The mean oldest age at
diagnosis of FAP and the mean age of colorectal cancer
development in AFAP families were later than those in
CFAP families.
There was a difference in the mean number of
colorectal neoplasms (due to classification), the mean
youngest age at diagnosis of FAP and the ratio of extraintestinal tumors to colorectal neoplasms in the FAP
families with a different family history. In the FAP families
with a positive history, onset of FAP was 15 years earlier
than which in the FAP families with a negative family
history.

DISCUSSION
In Western countries, there is a national or international
collection net of FAP. In China, no national net for
collection of FAP has been established. However, more
attention is paid to the collection and reservation of the
rare resource of hereditary cancer families such as FAP
and hereditary nonpolyposis colorectal cancer families than
before. We have established 116 lymphocyte immortal cell
www.wjgnet.com
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Table 1A Phenotype of different kinds of FAP families mean ± SD
Kinds of FAP families

Number of families

CFAP
AFAP
Suspected AFAP

Families withpositive
family history

21
3
3

16
3
3

Mean number of
b
colorectal neoplasms

Mean number of
colorectal cancer

3.14 ± 1.59
2.00 ± 0.00
2.67 ± 0.58

Mean of the earliest age at
diagnosis in one family

1.29 ± 1.10
1.50 ± 0.71
0.67 ± 0.58

32.9 ± 10.31
42.0 ± 14.0
25.0 ± 3.61

CFAP: Classical familial adenomatous polyposisp; AFAP: attenuated familial adenomatous polyposisp. bP < 0.01, comparison between CFAP and AFAP.

Table 1B Phenotype of different kinds of FAP families
Kinds of FAP families Mean of the latest age at Mean age of
Mean age of colorectal
b
b
diagnosis in one family
symptom appearing cancer development
CFAP
AFAP
Suspected AFAP

41.75 ± 7.75
58.67 ± 7.37
41.6 ± 10.02

26.56 ± 12.36
37.50 ± 21.92
18.00 ± 4.24

Extra colonic
Positive CHRPE
cancers/colorectal neoplasms families/total checked families

42.23 ± 9.24
57.33 ± 8.39
33.67 ± 13.58

6/66
2/6
0

11/12
2/2
2/2

CFAP: Classical familial adenomatous polyposisp; AFAP: attenuated familial adenomatous polyposisp. bP < 0.01, comparison between CFAP and AFAP.

Table 2A Phenotype in FAP families with a different family history mean ± SD
Status of family history
Positive
Negaitive
b

Number of families
22
5

Mean number of
b
colorectal neoplasms

Mean number of
colorectal cancers

Mean of the youngest age at
b
diagnosis of FAP in one family

3.41 ± 1.22
1.00 ± 0.00

1.68 ± 0.82
0

29.95 ± 8.25
46.80 ± 9.91

P < 0.01, comparison between CFAP and AFAP.

Table 2B Phenotype in FAP families with different family history mean ± SD

b

Status of
family history

Mean of the latest age at
diagnosis in one family

Mean age of
symptom appearing

Mean age of colorectal
cancer development

Extra colonic
b
cancers/colorectal neoplasms

Positive CHRPE families/total
checked families

Positive
Negaitive

44.05 ± 9.64

25.64 ± 12.36
33.33 ± 17.01

43.15 ± 11.48

5/75
3/5

12/13
3/3

P < 0.01, comparison between CFAP and AFAP.

lines (92.8%) with modified EB-transformation method
for the reservation of FAP family resource. Additional
use of 2 μ g/mL ciclosporin can effectively prevent T
lymphocytes to attack B lymphocytes.
The phenotypic variability in patients with FAP
has been recognized for many years [6] . However, it
is uncertain whether FAP clinical manifestations are
different in Chinese and Western individuals. It was
reported that colorectal cancer occurs at the age of 39
years in Western populations [3] and in Chinese at the
mean age of 42.23 years. It was also reported that, in
AFAP families, colorectal cancer occurs at the age of 55
years in Western populations[2] and at the age of 57.33
years in Chinese. In Chinese, Symptoms of colorectal
cancer appear 10 years later in AFAP families than in
CFAP families, while symptoms of colorectal cancer
appear in Western population at the age of 33 years[5].
In addition, some items are different in the two kinds of
FAP families in Chinese. In the present study, the mean
number of colorectal neoplasms was higher in CFAP
families (3.14) than in AFAP families (2.0, P < 0.01), the
www.wjgnet.com

mean oldest age at diagnosis of FAP in one family was
later in AFAP than in CFAP (P <0.01). All these findings
may further improve our ability to predict AFAP and
CFAP. Based on these data, it may be concluded that the
development time of colorectal cancer may be later in
Chinese than which in Western populations. To confirm
these hypotheses may need a larger sample of Chinese
FAP families.
In Chinese FAP families, the mean youngest age at
diagnosis of FAP in one family was 29.95 and 46.8 years,
respectively in the two groups with positive (22 families)
and negative (5 families) family history (P < 0.01),
indicating that a positive FAP family history is a high-risk
factor for developing colorectal cancer at a young age. The
ratio of extra-intestinal tumors to colorectal neoplasms
was 5/75 and 3/5 in the two kinds of families with a
different family history (P < 0.01).
CHRPE is a common symptom of FAP. It was
reported that there is no association between CHRPE
characteristics and FAP phenotype variants [7] . It was
reported that the rate of CHRPE is 75%-80% in Western
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FAP patients [8] and 93.75% in Chinese FAP families.
CHRPE is more frequent in Chinese FAP families. In
the present study, 8 asymptomatic family members with
CHRPE were diagnosed with FAP, indicating that CHRPE
is a good marker for the diagnosis of FAP in Chinese.
Clinicians must be aware of the broad range of variable
clinical features of FAP due to its different variants. In
China, it is of vital importance to establish a national
net to collect FAP families and to analyze its phenotype
characteristics and its association with genotype.
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Abstract
AIM: To determine whether the elevated vascular
endothelial growth factor (VEGF) expression produced
by the transfected vascular endothelial cells (VECs) could
stimulate angiogenesis of the graft islets and exert its
effect on the graft function.
METHODS: Thirty diabetic recipient rats were divided
into three groups (n = 10 per group). In the control
group, 300 IEQ islets were transplanted in each rat
under the capsule of the right kidney, which were
considered as marginal grafts. In the VEC group, VEC
together with the islets were transplanted in each rat.
In the VEGF group, VEC transfected by pIRES2-EGFP/
VEGF165 plasmid and the islets were transplanted in
each rat. Blood glucose and insulin levels were evaluated
every other day after operation. Intravenous glucose
tolerance test (IVGTT) was performed 10 d after the
transplantation. Hematoxylin and eosin (HE) staining was
used to evaluate the histological features of the graft
islets. Immunohistochemical staining was used to detect
insulin-6, VEGF and CD34 (MVD) expression in the graft
islets.
RESULTS: Blood glucose and insulin levels in the VEGF
group restored to normal 3 d after transplantation. In
contrast, diabetic rats receiving the same islets with or
without normal VECs displayed moderate hyperglycemia
and insulin, without a significant difference between
t h e s e t w o g ro u p s . I V G TT s h o w e d t h a t b o t h t h e
amplitude of blood glucose induction and the kinetics
of blood glucose in the VEGF group restored to normal
after transplantation. H&E and immunohistochemical
staining showed the presence of a large amount of
graft islets under the capsule of the kidney, which were

www.wjgnet.com

positively stained with insulin-6 and VEGF antibodies in
the VEGF group. In the cell masses, CD34-stained VECs
were observed. The similar masses were also seen in the
other two groups, but with a fewer positive cells stained
with insulin-6 and CD34 antibodies. No VEGF-positive
cells appeared in these groups. Microvessel density (MVD)
was significantly higher in the VEGF group compared to
the other two groups.
CONCLUSION: Elevated VEGF production by transfected vascular endothelial cells in the site of islet
transplantation stimulates angiogenesis of the islet
grafts. The accelerated islet revascularization in early
stage could improve the outcome of islet transplantation,
and enhance the graft survival.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Islet transplantation is considered a potentially curative
treatment for diabetes mellitus. However, the protocol
depends on the sufficiently large amounts of graft islets,
requiring two to four cadaveric pancreas. The native islet
vascular network has been ruined during the isolation[1].
It is estimated that > 70% of islet mass becomes stably
engrafted [2]. So apart from immune rejection, another
critical limitation to islet transplantation is the rate and
extent of islet revascularization [3] . In this study, we
used rat vascular endothelial cells (VECs) transfected
with VEGF165 to elevate the production of vascular
endothelial growth factor (VEGF) in the site of islet
transplantation, and then determined whether the elevated
VEGF expression could stimulate the angiogenesis in the
grafts. These results would provide proof-of-principle that
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Animals and materials
Wistar rats (body weight, 150 ± 20 g) were purchased
from Animal Center of China Medical University. Diabetic
rats were induced by streptozocin (STZ, IP, 60 mg/kg),
and diabetes mellitus was defined when the non-fasting
blood glucose level was greater than 16.8 mmol/L on two
consecutive measurement[4]. Then the diabetic recipients
were randomly divided into three groups (n = 10 in each
group). In the control group, the islets were transplanted
under the capsule of the right kidney. In the VEC group,
vascular endothelial cells (VECs) were transplanted
together with the islets. In the VEGF group, VECs
transfected with pIRES2-EGFP/VEGF165 plasmid were
transplanted together with the islets.
p I R E S 2 - E G F P / V E G F 1 6 5 wa s p r o p a g a t e d i n
permissive cells and purified by CsCl density gradient
centrifugation as previously described [5]. The titer of
pIRES2-EGFP/VEGF165 was 1.1 × 1011 plaque-forming
unit (pfu)/mL.
Islet isolation and transplant
Islets were isolated and purified according to the modified
Minnesota program[6]. Briefly, after intraductal infusion
of 10-12 mL of cold Hank’s balanced solution containing
1.5 mg/mL type V collagenase (C9263, Sigma), the
pancreas was surgically procured and digested at 37℃ for
15-20 min. During the digestion, the pancreas was observed
closely, and digestion was stopped by RPMI1640 containing
200 mL/L serum when the emulsion appeared. The islets
were purified by discontinuous Ficoll density gradient (25%,
23%, 20.5% and 11%) centrifugation at 3000 r/min for 10
min at 4℃. The distinct islets were collected and washed,
and finally the 300 IEQ islets free of acinar cells, vessels,
lymph nodes and ducts, which were considered as marginal
grafts, were used for transplantation.
For the islet transduction by vectors, aliquots of the
islets were incubated with VEGF vector at a defined
multiplicity of infection (MOI) in 2 mL of serum-free
RPMI1640 medium at 37℃ for 2 h. After washing with
Hanks’ balanced salt solution, transduced islets were used
for transplantation.
Detection of islet function
Blood glucose and insulin levels were evaluated every other
day after operation. The intravenous glucose tolerance test
(IVGTT) was performed 10 d after transplantation. Rats
were fasted for 5 h and injected intravenously with 500 g/L
dextrose solution at a dose of 0.5 g/kg body weight, as
previously described[7]. Blood glucose levels were measured
before and at 1, 5, 10, 15, 30, 60 and 90 min after glucose
infusion.
Histological observation
Hematoxylin and eosin (H&E) and immunohistochemical
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Figure 1 Glucose (A) and insulin (B) levels in the diabetic rats after
transplantation.

staining of islet grafts were performed. Briefly, animals
were killed 14 d after transplantation, and islet grafts were
retrieved from individual animals. After fixing in 10%
phosphate-buffered formalin overnight, islet grafts were
embedded in paraffin. The paraffin-embedded islet grafts
were cut into consecutive sections (4-μm thick), which
were immunostained with anti-insulin-6, rat anti-CD31 and
rabbit anti-VEGF165 antibodies, respectively. Microvessel
density (MVD) was determined under light microscopy
after sections were immunostained with anti-CD34
antibodies, as previously described[8]. Clusters of stained
endothelial cells were counted as a single microvessel.
MVD expressed as average number of three highest area
identified within a single 200 × field.
Statistical analysis
Data were expressed as mean ± SE. Statistical analyses
of data were performed by ANOVA. Unpaired ANOVA
analysis of variance was used to compare between two
different treatment groups. P value < 0.05 was considered
statistically significant.

RESULTS
Graft islet function after transplantation
The blood glucose and plasma insulin levels in the diabetic
recipients of the VEGF group restored to normal 3 d after
transplantation. In contrast, diabetic rats receiving the same
islets with or without normal VECs displayed moderate
hyperglycemia (13-14 mmol/L), and insulin (? μIU/mL),
without a significant difference between these two groups
(Figure 1). We observed a significant difference in both
the amplitude of blood glucose induction and kinetics
of blood glucose decline between VEGF group and the
other two groups, but no obvious difference between
the control and VEC groups. In response to injection of
www.wjgnet.com
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Figure 2 HE staining of the graft islets under the kidney capsule (× 400). A: Control group; B: VEC group; C: VEGF group.
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Figure 3 Immunohistochemical staining of insulin-6 in graft islets transplanted under the kidney capsule (× 400). A: Control group; B: VEC group; C: VEGF group.

A

B

C

Figure 4 Immunohistochemical staining of VEGF in graft islets transplanted under the kidney capsule (× 400). A: Control group; B: VEC group; C: VEGF group.

a high dose of glucose, elevated blood glucose levels in
the VEGF group were restored to a normal range within
90 min, whereas blood glucose levels in the control and
VEC groups were increased to a significantly higher
amplitude after glucose infusion and remained at the
hyperglycemic level.
Histological findings
HE staining showed that a large amount of cell masses,
which were different from the kidney native cells, were
seen under the capsule of the kidney in the VEGF group.
There were some vascular endothelial cells around and in
the center of the masses. In the control and VEC groups,
the similar cell masses were observed, but more fibrosis
was seen in the center of the masses, where no vascular
endothelial cells were seen (Figure 2).
Immunohistochemistry showed a large amount of
insulin-6-positive cells in cell masses of the VEGF group,
whereas insulin-6-positive cells were seldom seen in the
other two groups (Figure 3).
www.wjgnet.com

VEGF165 was expressed in the VEGF group but not
in the control and VEC groups (Figure 4). As shown in
Figure 5, a significant difference in the relative intensity
of immunostaining for anti-CD34 antibody was observed
between the VEGF and the other two groups, thereby
indicating an increased degree of revascularization of
transplanted islets in the VEGF group. MVD in the islet
grafts was significantly higher in the VEGF group (74.3
± 6.74) compared to the VEC group (11.43 ± 2.22) and
control groups (10.9 ± 2.45) (P < 0.05).

DISCUSSION
Pancreatic islet transplantation has been proposed as
a treatment for diabetic patients in order to restore
physiological insulin secretion, to reduce hyper-/hypoglycemia events and consequently to improve the quality
of life. Successful islet transplantation depends on the
infusion of sufficiently large quantities of islets, but
more than 70% islets would become inactive in the early
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Figure 5 Immunohistochemical staining of CD34 in graft islets transplanted under the kidney capsule (× 400). A: Control group; B: VEC group; C: VEGF group.

stage (7-14 d after transplantation)[9]. Many factors may
contribute to islet death, including initial blood-mediated
inflammation reaction (IBMIR), immunoattack, and
ischemic injury due to insufficient blood supply[10-12]. Islet
survival depends on the diffusion of oxygen and nutrients.
Pancreatic islets are heavily vascularized, and they receive
their blood supply from an afferent arteriole that branches
into a glomerular-like network of microvessels, which
forms a local intra-islet portal system through which
blood flows from the central core of β cells to the non-β
cell mantle. Islet capillaries are fenestrated, which may be
important for the efficient release of secreted products
into the bloodstream[13]. Moreover, β cells may require
more oxygen than most other cell types, as suggested by
the finding that islets constitute only 1% of the pancreatic
mass but receive 10% of the pancreatic blood supply[14].
During the process of islet isolation, the circulation
within the islets and the extra-islet vascularization are
disrupted. Formation of new vessels may be too slow
to allow survival of an optimal number of cells. Furuya
et al[15] demonstrated that the native endothelial cell in
the graft islets reduced gradually, and disappeared 5 d
after the transplantation. New blood vessels develop over
a period of about 14 d, or even 4 wk which is not fast
enough to prevent the marked loss of islet cells occurring
during the first few days after transplantation [16]. The
mechanisms that regulate the revascularization of islets
are poorly understood. Some studies[16] have suggested
that the reduction of the endothelial cells from the donors
may contribute to the poor revascularization. However, in
our experiment, a large number of endothelial cells were
transplanted together with the graft islets. We observed
that in the early stage after transplantation, the process
of revascularization was not changed and no vessels were
formed although the endothelial cells survived.
It has been suggested that growth factors may be
important in this process. VEGF is known to be one
of the most important factors associated with angiogenesis [17,18] . Therapeutic angiogenesis has been used
for treating coronary and peripheral artery diseases
by facilitating new vessel formation using plasmid or
adenoviral vector-mediated VEGF gene delivery in a
number of clinical trials[19-21]. VEGF may be a mediator
in islets because it increases vascular permeability [22],
which is important for the maintenance of nor mal
endocrine function in highly vascularized organs and
in devascularized islets[23]. VEGF may play a role in the

maintenance of the islet capillary system[24] and initiate the
revascularization of islets during transplantation[25]. VEGF
expression is increased in the graft islets, but significantly
reduced 2-3 d after transplantation and is not sufficient for
revascularization[26,27]. Therefore, evaluation of local VEGF
expression may provide a crucial clue for improving
revascularization and survival of graft islets.
Our study aimed to investigate the effect of VEGF
production on islet revascularization and function
by transplanting the endothelial cells transducted by
VEGF165 tog ether with 300 IEQ islets, which is
considered a marginal mass for diabetic rats. In the
presence of islet impairment, revascularization appears
to ensue irrespective of whether islets are transplanted
intra-portally in the liver, retrogradely into the spleen, or
under the kidney capsule. In our experiment, the islets
were transplanted under the kidney capsule in order
to facilitate histological observations. Unlike previous
studies, we used endothelial cells, not the graft islets, as
the “target cells” in our experiment. Endothelial cells take
part in the revascularization, and are easy to obtain and
be transducted. Our results validated the concept that
elevated local production of VEGF helps facilitate islet
revascularization, as reflected by the significantly increased
CD34 immunostaining under the kidney capsule that was
grafted with the VEGF vector-transduced endothelial cells.
The newly transplanted islets are hypoxic, causing
islet cells to undergo apoptosis and/or necrosis, which
contribute to the loss of functional β -cell mass after
transplantation[28]. Our results also showed that the elevated
VEGF expression contributed to the increased islet
masses as reflected by H&E and immunohistochemical
staining for insulin, which was associated with improved
glycemic control in the diabetic recipient rats. Taken
together, these results demonstrate that local VEGF
production significantly enhances islet revascularization
and improve glycemic control in STZ-induced diabetic
rats. Our study may provide a novel strategy to accelerate
islet revascularization and improve long-term survival of
functional islet masses after transplantation.
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Abstract
AIM: To investigate the expression of ornithine
decarboxylase (ODC) in precancerous and cancerous
gastric lesions.
METHODS: We studied the expression of ODC in gastric
mucosa from patients with chronic superficial gastritis
(CSG, n = 32), chronic atrophic gastritis [CAG, n = 43;
15 with and 28 without intestinal metaplasia (IM)],
gastric dysplasia (DYS, n = 11) and gastric cancer (GC,
n = 48) tissues using immunohistochemical staining. All
134 biopsy specimens of gastric mucosa were collected
by gastroscopy.
METHODS: The positive rate of ODC expression was
34.4%, 42.9%, 73.3%, 81.8% and 91.7% in cases
with CSG, CAG without IM, CAG with IM, DYS and
GC, respectively (P < 0.01), The positive rate of ODC
expression increased in the order of CSG < CAG (without
IM) < CAG (with IM) < DYS and finally, GC. In addition,
ODC positive immunostaining rate was lower in welldifferentiated GC than in poorly-differentiated GC (P <
0.05).
CONCLUSION: The expression of ODC is positively
correlated with the degree of malignity of gastric mucosa
and development of gastric lesions. This finding indicates

that ODC may be used as a good biomarker in the
screening and diagnosis of precancerous lesions.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Ornithine decarboxylase (ODC) is the first-rate limiting
enzyme in the polyamine biosynthesis pathway [1] .
ODC plays a critical role in cell proliferation[2], and it is
implicated as an essential promoter in normal cell cycles.
The activation of ODC is similarly related to tumor
promotion and progression[3,4]. ODC activity appears to
be directly coupled to the expression of ODC protein and
increases with eukaryotic cell division in neoplasia and
fetal development. Convincing evidence has confirmed
that ODC plays an important role in the chemical
carcinogenesis of mouse skin, and tumor formation can
be blocked by the irreversible inhibitor of ODC, α-diflu
oromethylornithine[5-7]. ODC is overexpressed in a variety
of cancers. Elevated levels of ODC have been found
in gastric cancer [8], gliomas [9], breast cancer [10,11], colon
cancer[12], pancreatic cancer[13], lung cancer[14], and prostate
cancer[15]. In addition, increased expression of ODC has
been found associated with gastric atrophy[16].
Although ODC overexpression is clearly associated
with cancer development, a definitive causal role for ODC
overexpression in carcinogenesis has only been shown
in NIH/3T3 fibroblast cells[17]. Overexpression of ODC
is sufficient to transform fibroblast cells in vitro, causing
increased frequency of skin tumors in a transgenic mouse
model[5,17].
Although several studies have evaluated ODC expression in gastric cancer, to date, no one has investigated
its associations with precancerous gastric lesions, namely,
in chronic atrophic gastritis (CAG), intestinal metaplasia
(IM) and gastric dysplasia (DYS). There is no information
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presently available about the protein status of ODC in
stomach mucosa collected by gastroscopy. A detailed
study comparing the expression patterns of ODC in
gastric carcinoma and precancerous tissues has not been
conducted. Furthermore, whether overexpression of
ODC is involved in the initiation or promotion of gastric
cancer (GC) has not been established. Therefore, the aim
of the present study was to investigate the expression
of ornithine decarboxylase (ODC) in precancerous and
cancerous gastric lesions.

MATERIALS AND METHODS
Tissue samples
We collected gastric mucosal specimens from 134 patients
including 32 with chronic superficial gastritis (CSG),
43 with CAG (15 with and 28 without IM), 11 with
DYS and 48 with antral GC, during gastroscopy. These
specimens were obtained from symptom-free subjects
who volunteered to participate in gastroscopic screening
for gastric cancer in the Department of Gastroenterology
of the First Affiliated Hospital of Zhengzhou University.
The 48 GC patients had not received any radiation therapy
or chemotherapy. GC tissues could be further separated
on the basis of differentiation grade. Histopathologically,
a l l t h e 4 8 g a s t r i c s p e c i m e n s we r e c o n f i r m e d a s
adenocarcinoma. All of the biopsies were taken from
gastric antrum. The tumors were histologically graded
as well-differentiated (17 patients, 35%), moderatelydifferentiated (10 patients, 21%) and poorly-differentiated
(21 patients, 44%).The study protocol was approved by
the Ethics Committee of the First Affiliated Hospital of
Zhengzhou University.
Immunohistochemical staining for anti-ODC antibody
Tissues were fixed in 96% ethanol for 6 h at 4℃, embedded in paraffin, and cut into 5-mm thick sections. For
Immunohistochemical (IHC) analysis, endogenous
peroxidase activity was neutralized by treating the section
in 1% hydrogen peroxide in phosphate-buffered saline for
20 min. For the microwave antigen retrieval procedure,
slides were immersed in 10 mmol/L citrate buffer (pH 6.0)
in a clean polyethylene chamber and placed inside a fullpowered microwave, then heated for 10 min at 95℃ to
repair antigens, and subsequently cooled for 10-20 min.
After being washed 3 times with phosphate-buffered
saline, the sections were blocked in 10% mouse serum for
30-60 min to suppress nonspecific binding of IgG. Each
tissue section was then incubated with primary mouse
antihuman ODC monoclonal antibody (1:1000, Westbury,
NY) for 2 h at room temperature. The slides were washed
3 times with phosphate-buffered saline and incubated
with anti-mouse biotinylated secondary antibody (Vector,
Burlingame, CA). The slides were colorized by DAB
Reagent (Vectastain) and counterstained with hematoxylin.
Negative controls were established by replacing the
primary antibody with PBS supplemented with normal
mouse or rabbit serum.
The staining results were evaluated according to the
immunodetection of stain intensity and positive cells by
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Table 1 Immunohistochemical assay of ODC protein in gastric
precancerous and cancerous lesions
Histological grade

CSG
CAG (without IM)
CAG (with IM)
DYS
GC

ODC protein expression (n )
–

+

++

+++

21
16
4
2
4

9
9
2
1
4

2
1
6
4
23

0
2
3
4
17

Total  

Positive
a
rate (%)   

32
28
15
11
48

34.4b
42.9b,c
73.3
81.8
91.7

a
P < 0.01, by treand; bP < 0.01, CSG vs CAG (with IM), CSG vs DYS, CSG vs
GC, CAG (without IM) vs DYS and CAG (without IM) vs GC; and cP < 0.05,
CAG (without IM) vs CAG (with IM). CSG: chronic superficial gastritis; CAG:
chronic atrophic gastritis; IM: intestinal metaplasia; DYS: dysplasia; GC:
gastric cancer.

two pathologists (Z Tan and L H Jiao), who discussed
each case until they reached a consensus. Stain intensity
is up to the standard of the relative stain intensity of
most cells. The stain intensity could be from 0 to 3 (0, no
staining; 1, shallow brown; 2, brown; 3, dark brown); and
the positive cells in the observed stomach mucous cells
ranged from 0 to 3 in percentage (0,no staining; 1, < 30%; 2,
30%-70%; and 3 > 70%). The samples were scored by their
summation: 0-1 (-); 2-3 (+); 4 (++); 5-6 (+++).Any staining
score ≥ 2 (+) was considered as positive expression.
Histopathological diagnosis for gastric epithelia was
made according to the cellular morphological changes and
tissue architecture using previously established criteria[18,19].
In brief, SCG, an inflammation manifested by mild
lymphocyte and plasma-cell infiltration; CAG, glandular
morphology disappeared partially or completely absent
in the mucosa and replaced by connective tissues, interglandular space was infiltrated mainly by plasma cells and
lymphocytes; IM, confirmed by the presence of goblet
cells in gastric mucosa; and DYS, characterized by nuclear
atypia with or without architectural abnormalities in the
gastric epithelium without invasion. GC is characterized by
invasion of neoplastic gastric cells through the basement
membrane. Carcinomas were classified according to the
histological classification of WHO and the Japanese
Gastric Cancer Association[20,21].
Statistical analysis
The χ2 test was used for the percentage of samples with
positive staining among lesions of different severities.
SPSS 12.0 was used for statistical analyses. P < 0.05 was
considered statistically significant.

RESULTS
Positive immunostaining for ODC was observed in the
gastric epithelial cells and cancer cells with different rates
in the lesions of CSG, CAG (without IM), CAG (with
IM), DYS and GC. To estimate the difference, staining
for ODC was carried out on whole sections. The positive
immunostaining rate for ODC was 34.4% (11 of 32),
42.9% (12 of 28), 73.3% (11 of 15), 81.8% (9 of 11), and
91.7% (44 of 48), respectively (P < 0.001) (Table 1). ODC
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Figure 1 Immunoreactivity of ODC
protein in gastric precancerous
and cancerous lesions. A:
Immunostaining of ODC in CSG,
SP × 200; B: Immunostaining of
ODC in CAG (Without IM). SP ×
200; C: Immunostaining of ODC
in CAG (with IM) SP × 200; D:
Immunostaining of ODC in DYS,
SP × 200; E: Immunostaining
of ODC in GC, SP × 200. CSG:
chronic superficial gastritis;
CAG: chronic atrophic gastritis;
IM: intestinal metaplasia; DYS:
dysplasia; GC: gastric cancer.

E

the well-differentiated GC was lower than that in poorlydifferentiated GC (Table 2).

Table 2 IHC assay of ODC protein in gastric cancer
Histological
grade

ODC protein expression (n )
-

+

++

+++

Well
differentiated
Moderately
differentiated
Poorly
differentiated

9

1

5

2

17

47.1a

1

3

2

4

10

90

1

5

6

9

21

95.2

Total

Positive
rate (%)

a

P < 0.05, well differentiated tissue vs either moderately or poorly
differentiated tissues.

immunoreactivity was located mainly in the cytoplasm and
cell membrane (Figure 1A-E).
The positive immunostaining rate for ODC was very
low in CSG and CAG (without IM), and slightly increased
in CAG (with IM) and DYS, and significantly increased
in GC. ODC protein accumulation was higher in the
GC than in CSG and CAG (without IM). In the cases of
CAG (with IM) and DYS, it was also higher than in CSG
and CAG (without IM). But it did not show significant
difference among the groups with CAG (with IM), DYS
and GC (Table 1). ODC positive immunostaining rate in

DISCUSSION
Gastric cancer has a high incidence in China and around
the world. Gastric carcinogenesis is considered as a
multistage, progressive process. It is of great importance
to understand the biological processes of cancer initiation
for early cancer detection. An early indicator for a patient
predisposed to GC is abnormal hyperproliferation of
gastric epithelial cells, such as in CAG, DYS and IM,
which have all been considered as precancerous lesions
for GC[22,23]. However, information about the mechanism
of gastric carcinogenesis is very limited. Studies of ODC
protein expression levels at different stages of gastric
carcinogenesis may help answer why different stages of
cancerous development occur.
Polyamines, such as putrescine, sper midine and
sper mine, play important roles in cell proliferation
and differentiation. ODC is a rate-limiting enzyme in
the biosynthesis of polyamines, and the ODC gene
is considered as an immediate early gene as well as an
oncogene[2,23,24]. The expression rate of ODC is invariably
associated with a cell’s proliferate activity. ODC protein
is 50 kDa monomer and about 100 kDa as the active
www.wjgnet.com
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homodimer is formed. It has a rapid turnover rate with
a half-life at 15 min [25] . While ODC activity may be
correlated with the oncogenesis and progression of gastric
cancer, the expression pattern of ODC in precancerous
gastric lesions have not yet been elucidated.
In the present study, we conducted a detailed IHC
comparison between precancerous and cancerous gastric
lesions. The expression of ODC is positively correlated
with the degree of malignity of gastric mucosa and the
development of gastric lesions. With the likelihood of
malignant lesions progressed from normal to CSG < CAG
< DYS < GC, the positive immunostaining rates for ODC
similarly increased, showing a good linear correlation
between ODC expression and lesion progression. We
found that the positive immunostaining rate of ODC
is abnormally high in CAG (with IM), DYS and GC,
indicative of abnormally high cell proliferation activity.
This indicates that ODC expression may be related to
the proliferative status of gastric mucosa epithelial cells.
These data are consistent with the views of Patchett and
others who have suggested that the presence of atrophy
and intestinal metaplasia are strongly associated with
increased levels of ODC activity[26]. The present results
indicate that increased expression of ODC may be an
important molecular event, involved in the early stages of
gastric carcinogenesis. The high coincidental expression
of ODC protein accumulation may be an important event
to enhance GC and a useful biomarker to assess risk for
the development of GC[27]. This conclusion differs from
Patchett’s, which suggested that measurement of mucosal
ODC activity may not be a valuable clinical marker of
increased cancer risk [28]. We believe that variations in
technique, materials and methods may partly explain these
distinctions.
Another interesting observation is that the expression
of ODC directly correlates with the differentiable
condition of GC. The ODC positive immunostaining
rate in well-differentiated GC was lower than in both the
poorly-differentiated and moderately-differentiated GC.
This result is consistent with findings in human colon
carcinomas[29]. The present results indicate that increased
expression of ODC may reflect the differentiated
condition of stomach mucosa.
The regulation of ODC expression can occur at
multiple levels including transcription, translation and
protein degradation[30-32]. The ODC antizyme is a major
factor in the regulation of ODC [33,34]. ODC antizyme
binds to monomeric ODC, stimulating the degradation of
ODC, and therefore, decreasing the exogenous level of
ODC protein[35]. We presume that gastric mucosa epithelial
cells may have different intrinsic ODC antizyme levels.
ODC antizyme levels may decrease significantly while
the degree of malignity of the gastric mucosa increases.
This hypothesis requires careful investigation in follow-up
studies.
In conclusion, the expression of ODC is positively
correlated with the degree of malignity of gastric mucosa
and development of gastric lesions. This finding indicates
that ODC may be used as a good biomarker in the
screening and diagnosis of precancerous lesions.
www.wjgnet.com
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comments
Background

Ornithine decarboxylase (ODC) catalyzes the first step in the polyamine
biosynthetic pathway forming putrescine, which is then converted into the
polyamines spermidine and spermine. Polyamine content plays an important role
in both normal and neoplastic growth and alterations of polyamine synthesis via
changes in ODC content occur in response to tumor promoters and carcinogens.
The amount of ODC is altered in response to many growth factors, oncogenes,
and tumor promoters and to changes in polyamine levels. ODC is overexpressed
in a variety of cancers. Gastric cancer has a high incidence in China and around
the world. Gastric carcinogenesis is considered as a multistage, progressive
process. It is of great importance to understand the biological processes of cancer
initiation for early cancer detection. An early indicator for a patient predisposed to
GC is abnormal hyperproliferation of gastric epithelial cells, such as in CAG, DYS
and IM, which have all been considered as precancerous lesions for GC. Studies
of ODC protein expression levels at different stages of gastric carcinogenesis may
help answer why different stages of cancerous development occur.

Research frontiers

It can be seen in the following four aspects: (1) expression of ODC in cancers;
(2)regulation of ornithine decarboxylase; (3) inhibitor of ODC-antizyme; and (4)role
of ODC and antizyme in carcinogenesis

Innovations and breakthroughs

Although several studies have evaluated ODC expression in gastric cancer, to
date, no one has investigated its associations with precancerous gastric lesions,
namely, in chronic atrophic gastritis (CAG), intestinal metaplasia (IM) and gastric
dysplasia (DYS). The authors found the expression of ODC is positively correlated
with the degree of malignity of gastric mucosa and the development of gastric
lesions. The positive immunostaining rates for ODC similarly increased, showing
a good linear correlation between ODC expression and lesion progression. This
finding indicates that ODC may be used as a good biomarker in the screening and
diagnosis of precancerous lesions.

Applications

The authors found the expression of ODC is positively correlated with the degree
of malignity of gastric mucosa and the development of gastric lesions. With the
likelihood of malignant lesions progressed from normal to CSG < CAG < DYS
< GC, the positive immunostaining rates for ODC similarly increased, showing
a good linear correlation between ODC expression and lesion progression.
Therefore, ODC may be used as a good biomarker in future in screening and
diagnosing precancerous and cancerous gastric lesions

Terminology

ODC: ornithine decarboxylase; CAG: chronic atrophic gastritis; IM: intestinal
metaplasia; DYS: gastric dysplasia; GC: gastric cancer.

Peer review

This paper investigates the expression and diagnostic value of ODC, a key ratelimiting enzyme in polyamine biosynthesis, in gastric precursor and cancer.
The expression of ODC is positively correlated with the degree of malignancy
of gastric mucosa, in the order of chronic superficial gastritis, chronic atrophic
gastritis (without intestinal metaplasia), chronic atrophic gastritis (with intestinal
metaplasia), gastric dysplasia and gastric cancer. They concluded that ODC
can be a good indicator in the screening and diagnosis of gastric precursor and
cancerous lesions.
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Abstract
AIM: To investigate the effects of 5-aminosalicylic
acid (5-ASA) in combination with nimesulide on the
proliferation of HT-29 colon carcinoma cells and its
potential mechanisms.
METHODS: I n h i b i t o r y e ffe c t s o f d r u g s ( 5 -A SA ,
nimesulide and their combination) on HT-29 colon
carcinoma cells were investigated by thiazolyl blue
tetrazolium bromide (MTT) assay. Cellular apoptosis
and proliferation were detected by TUNEL assay and
immunocytochemical staining, respectively.
RESULTS: Pretreatment with 5-ASA or nimesulide at the
concentration of 10-1000 μmol/L inhibited proliferation
of HT-29 colon carcinoma cells in a dose-dependent
manner in vitro (t = 5.122, P < 0.05; t = 3.086, P <
0.05, respectively). The inhibition rate of HT-29 colon
carcinoma cell proliferation was also increased when
pretreated with 5-ASA (100 μmol/L) or nimesulide (100
μmol/L) for 12-96 h, which showed an obvious timeeffect relationship (t = 6.149, P < 0.05; t = 4.159, P
< 0.05, respectively). At the concentration of 10-500
μmol/L, the apoptotic rate of HT-29 colon carcinoma
cells significantly increased (t = 18.156, P < 0.001; t =
19.983, P < 0.001, respectively), while expression of
proliferating cell nuclear antigen (PCNA) was remarkably
decreased (t = 6.828, P < 0.05; t = 14.024, P < 0.05,
respectively). 5-ASA in combination with nimesulide
suppressed the proliferation of HT-29 colon carcinoma
cells more than either of these agents in a dose-
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dependent and time-dependent manner (t = 5.448, P <
0.05; t = 4.428, P < 0.05, respectively).
CONCLUSION: 5-ASA and nimesulide may inhibit
the proliferation of HT-29 colon carcinoma cells and
coadministration of these agents may have additional
chemopreventive potential.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Inflammatory bowel disease (IBD) is associated with an
increased risk of developing colorectal cancer (CRC)[1-5].
Primary prevention of CRC in IBD has received more
attention in recent years. Epidemiological, experimental
and preliminary clinical work strongly suggests that
5-aminosalicylic acid (5-ASA) may have potentially
chemopreventive properties against CRC [6-10]. On the
other hand, aspirin, sulindac and other non-steroid antiinflammatory drugs (NSAIDs) are also known to reduce
the risk of developing colon cancer [6,11-13] . However,
the potential mechanisms of either 5-ASA or NSAIDs
underlying chemoprevention of CRC in IBD remain
largely unexplored.
Inhibition of inflammatory cascades involved in
cell growth is the popular putative actions of 5-ASA.
Arachidonic acid (AA) metabolism has obtained popular
attention and can be metabolized in two major pathways
including cycloxygenase (COX) pathway and lipoxygenase
(LOX) pathway. Metabolites of the former are prostaglandins which regulate cell proliferation and those of the
latter are responsible for the subsequent expression of
pro-inflammatory molecules [14-16]. 5-LOX and COX-2
activities have recently attracted considerable interest
in CRC and data demonstrate that 5-LOX and COX-2
are both up-regulated in CRC[17,18]. It was reported that
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COX-2 inhibitors or 5-LOX inhibitors may suppress CRC
development[13,17]. Lots of studies[13,15,19-21] indicate that the
chemopreventive effect of 5-ASA on CRC is correlated
with inhibiting 5-LOX activity and COX-2 is the main
target of NSAIDs to suppress CRC development. 5-LOX
and COX-2 are the key enzymes for AA metabolism.
Since inhibition of one pathway alone, especially the
5-LOX pathway, may change the metabolism of the other,
just inhibiting the activity of 5-LOX or COX-2 may not
suppress CRC development effectively. However, few
studies[22] are available on the chemopreventive effect of
coadministration of these agents. It makes this method
an interesting new alternative to CRC chemoprevention.
This study was performed to investigate the effect of
5-ASA and a selective COX-2 inhibitor, nimesulide, on the
proliferation of human colon carcinoma cells (HT-29) in
vitro and its potential mechanisms.

MATERIALS AND METHODS
Cell culture
HT-29 colon carcinoma cells were obtained from Institute
of Biochemistry and Cell Biology, Shanghai Institutes for
Biological Sciences.The cells were maintained in RPMI
1640 medium, supplemented with 10% heat-inactivated
fetal calf serum (FCS), 50 U/mL penicillin, 50 μg/mL
streptomycin, in a humidified atmosphere containing 95%
air and 5% CO2 at 37℃ and routinely trypsinized with
0.25% trypsin solution.
Reagents
5-ASA, nimesulide, MTT were purchased from Sigma
Corp (Steinheim, Germany). FCS was purchased from
Hangzhou Sijiqing Biological Corp (Hangzhou, China).
Dimethylcarbinol was purchased from Bengbu Chemical
Corp (Bengbu, China). TUNEL assay kits for apoptosis
were purchased from Nanjing Keygen Corp (Nanjing,
China). PCNA polyclonal antibody was purchased from
Santa Cruz Biotechnology Corp (California, USA). S-P
immunocytochemical assay kits were purchased from
Fuzhou Maixin Reagent Corp (Fuzhou, China). Other
reagents used in the present study were of analytical grade.
Cell proliferation assay
Cytostatic effects were measured by MTT assay. The
cells were detached with a 0.25% trypsin solution for 5
min. Subsequently, the cells were seeded onto 96-well
plates (1 × 106 cells/well), supplemented with 10% FCS
and allowed to attach for 24 h before the addition of test
compounds (5-ASA, nimesulide, and their combination).
Test compounds were diluted in serum-free culture
medium. Then the cells were incubated in a medium or
at different concentrations of drugs for 48 h, 20 μL of
MTT solution (5 g/L) in PBS was added. Four hours
later, the medium in each well was removed, and 120
μ L of 0.04 mmol/L muriatic isopropanol was added,
slightly concussed for 10 min. Dye uptake was measured
at 490 nm with an ELISA reader. Five wells were used for
each concentration or as a control group. On the other
hand, the cells were seeded onto 96-well plates (1 × 106
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cells/well) according to the method described above
and allowed to attach for 24 h, then treated with test
compounds (5-ASA, nimesulide, and their combination).
The final concentration was 100 μ mol/L. The same
medium was added into the control group and dye uptake
was then measured according to the method described
above. Five wells were used for each test compound or
control group.
Immunocytochemical determination of cellular
proliferation and apoptosis in cells
The procedure for the determination of cell proliferation
has been described elsewhere[23]. In brief, exponentially
growing cells (3 × 105/mL) were trypsinized and seeded
onto 24-well plates with a 10 mm × 10 mm sterile slide,
supplemented with 10% FCS, allowed to attach for 24 h.
The cells were then treated with different doses of drugs
(5-ASA, nimesulide, and their combination). After 48-h
incubation, the slides were washed twice with PBS. After
blocked with normal serum, polyclonal PCNA antibody
(1:200) was applied to the slides overnight at 4℃. The
following steps were performed in kits following the
manufacturer’s introductions. Negatively expressed cells
were manifested as blue-stained nuclei and the positive
cells had brown-yellow cytoplasma or nuclear membrane.
The expression of target protein was further semiquantitated according to the percentage of positivelystained cells and evaluated by two blinded investigators.
Negative cells were scored as 0, positive cells less than
25% were scored as 1, 25%-50% as 2, 51%-75% as 3, and
higher than 75% as 4, respectively.
Apoptotic cells were visualized with the terminal
deoxytransferase (TdT)-mediated dUTP biotin nick end
labeling (TUNEL) method[24]. In brief, cell slides were
subjected to digestion by proteinase K. TdT buffer
solution was added to the slides together with 50 U TdT
and 5 nmol/L dUTP and incubated at 37℃ for 90 min.
The reaction was then terminated by adding 30 mmol/L
sodium citrate buffer. Peroxidase-conjugated streptavidin
from the DAKO kit was added, followed by the addition
of DAB. The number of apoptotic cells was counted
under a microscope (× 400) and negatively expressed cells
were manifested as blue-stained nuclei and the positive
cells gad brown-yellow cytoplasma or nuclear membrane.
Apoptotic index was determined by counting the number
of positive cells among 200 cells and indicated as
percentages, less than 25% was graded as 1, 26%-50% as 2,
51%-75% as 3, and higher than 76% as 4, respectively.
Statistical analysis
Experimental results were analyzed by ANOVA and
t-test for multiple comparisons between groups. Data
were expressed as mean ± SD. P < 0.05 was considered
statistically significant.

RESULTS
Effect of 5-ASA and nimesulide on growth of HT-29 colon
carcinoma cells
Pretreatment with 5-ASA or nimesulide at different
www.wjgnet.com
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Figure 3 Inhibitory effect of 5-ASA in combination with nimesulide on proliferation
of HT-29 colon carcinoma cells. The cells were pretreated with 100 μmol/L 5-ASA
(final concentration) in combination with different doses of nimesulide (10,100,
500, 1000 μmol/L) for 48 h, then dye uptake was measured at 490 nm using an
ELISA reader. The inhibitory rate was markedly increased in a dose-dependent
manner. Data were expressed as mean ± SE of three independent samples. a,c,eP < 0.05
vs the corresponding concentration of nimesulide.
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Figure 1 Dose-dependent inhibitory effect of 5-ASA and nimesulide on
proliferation of HT-29 colon carcinoma cells. The cells were pretreated with
different doses of 5-ASA or nimesulide respectively (10, 50, 100, 500, 1000 μmol/L)
for 48 h, then dye uptake was measured at 490 nm using an ELISA reader. Data
were expressed as mean ± SE of five independent samples. Compared with the
control group, the inhibitory rate was markedly increased in a dose-dependent
manner (P < 0.05).
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Figure 2 Time-dependent inhibitory effect of 5-ASA or nimesulide on proliferation
of HT-29 colon carcinoma cells. The cells were pretreated with 100 μmol/L 5-ASA
or 100 μmol/L Nimesulide respectively for 12, 24, 48, 72, 96 h), then dye uptake
was measured at 490 nm using an ELISA reader. Data were expressed as mean
± SE of five independent samples. The inhibitory rate was markedly increased in a
time-dependent manner.

concentration (10-1000 μmol/L) for 12-96 h, inhibited
the growth of HT-29 colon carcinoma cells in a dose and
time-dependent manner (Figures 1 and 2). However, the
suppression of 5-ASA or nimesulide had no statistical
significance.
Effect of combined 5-ASA and nimesulide on the growth
of HT-29 colon carcinoma cells
Interestingly, the growth of HT-29 colon carcinoma cells
was inhibited dose-dependently when pretreated with
different doses of combined 5-ASA and nimesulide.
Combined 5-ASA (final concentration 100 μmol/L) and
nimesulide (final concentration 10-1000 μmol/L) inhibited
the proliferation of HT-29 colon carcinoma cells in a dosedependent manner, being more potent than corresponding
dose of nimesulide (Figure 3). Similarly, combined
nimesulide (final concentration 100 μmol/L) and 5-ASA
(final concentration 10-1000 μmol/L) also inhibited the
proliferation of these cells dose-dependently, being more
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Figure 4 Dose-dependent inhibitory effect of nimesulide in combination with 5-ASA
on proliferation of HT-29 colon carcinoma cells. The cells were pretreated with
100 μmol/L nimesulide (final concentration) in combination with different doses of
5-ASA (10, 100, 500,1000 μmol/L) for 48 h, then dye uptake was measured at 490
nm using an ELISA reader. The inhibitory rate was markedly increased in a dosedependent manner. Data were expressed as mean ± SE of three independent
samples. a,c,eP < 0.05 vs the corresponding concentration of 5-ASA .

potent than corresponding dose of 5-ASA (Figure 4).
Pretreatment with combined 5-ASA and nimesulide
(final concentration 100 μmol/L) for 12-96 h, inhibited
the growth of HT-29 colon carcinoma cells in a timedependent manner (Figure 5).
Effect of 5-ASA or nimesulide alone or their combination
on proliferation and apoptosis of HT-29 colon carcinoma
cells
The proliferation of HT-29 carcinoma cells was significantly
inhibited when pretreated with different doses of 5-ASA.
The expression of PCNA was remarkably down-regulated
while cell apoptosis was remarkably up-regulated in a
dose-dependent manner. Similarly, nimesulide inhibited
the proliferation of HT-29 carcinoma cells and promoted
cell apoptosis significantly (Table 1). Co-administration
of 5-ASA and nimesulide inhibited the proliferation of
HT-29 colon carcinoma cells and promoted cell apoptosis
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Figure 5 Time-dependent inhibitory effect of 5-ASA in combination with nimesulide
on proliferation of HT-29 colon carcinoma cells. The cells were pretreated with
5-ASA in combination with nimesulide at the final dose of 100 μmol/L for different
times (0, 12, 24, 48, 72, 96 h), then dye uptake was measured at 490 nm using an
ELISA reader. Data were expressed as mean ± SE of five independent samples.

Table 1 Effect of 5-ASA and nimesulide administrated alone on
apoptosis and proliferation of HT-29 colon carcinoma cells
Group

Dose (μmol/L)

Percentage of
apoptosis (%)

PCNA label
index (%)

Control
5-ASA

0
10
100
500
10
100
500

22.12 ± 3.61
31.82 ± 2.61
52.96 ± 3.73a
75.76 ± 3.28a
29.13 ± 2.73
50.46 ± 1.83a
70.54 ± 2.33a

75.13 ± 2.55
61.73 ± 7.51
56.47 ± 3.21a
31.13 ± 1.96a
63.37 ± 3.23
57.42 ± 2.14a
33.15 ± 1.87a

Nimesulide

5-ASA

The cells were pretreated with different doses of 5-ASA and nimesulide
respectively (10-500 μmol/L) for 48 h, then the expression of PCNA
and apoptosis were detected with kits according the the manufacturer's
introductions. Data were expressed as mean ± SE of three independent
samples. aP < 0.001 vs control group.

significantly, being more potent than the corresponding
dose of 5-ASA and nimesulide (Figure 6).

DISCUSSION
IBD is associated with an increased risk of developing
CRC at sites of chronic colon inflammation[1-5]. Primary
prevention of CRC in IBD has received more attention in
recent years. A body of evidence now suggests that 5-ASA
can protect against development of CRC in individuals
with IBD[6-10]. Eaden et al[8] performed a case-control study
comparing 102 cases of CRC in ulcerative colitis (UC)
with matched IBD controls, and found that a history of
regular 5-ASA use significantly reduces the risk of CRC by
75%. When the results were adjusted for other variables,
the protective effect of 5-ASA reduced the risk of CRC by
81% at a dose of 1.2 g/d or greater. In the present study,
5-ASA inhibited the proliferation of HT-29 carcinoma
cells and promoted cell apoptosis in vitro in a dose- and
time- dependent manner, indicating 5-ASA has significant
chemopreventive properties against CRC, which is also

Figure 6 Inhibitory effect of 5-ASA in combination with nimesulide on proliferation
and apoptosis of HT-29 colon carcinoma cells. The cells were pretreated with
5-ASA in combination with nimesulide (the final concentration was 100 μmol/L) for
48 h, then the expression of PCNA and apoptosis was detected with kits according
the manufacturer's introductions. Data were expressed as mean ± SE of three
independent samples. aP < 0.05, cP < 0.05, vs 5-ASA or nimesulide alone.

consistent with previous reports[18,25,26].
5-ASA is the most commonly prescribed antiinflammatory agents for IBD and exerts its action on
IBD by inhibiting 5-LOX activity. Wang et al[18] performed
a follow-up study of 99 patients with CRC, and found
that 5-LOX expression is significantly higher in colon
carcinoma cells than in nor mal colon mucosa, and
correlates with Duke’s staging, diversion and infiltration of
CRC. The biological functions of 5-LOX in cancer cells
have been examined using pharmacological inhibitors and/
or antisense technology[15,17]. It was reported that 5-LOX
and its metabolites, especially LTB4 are over-expressed
in colon cancer, the inhibitors of 5-LOX activity may
remarkably inhibit the proliferation of colon carcinoma
cells[17]. It also showed in our other study that 5-ASA may
down-regulate 5-LOX expression in HT-29 carcinoma
cells in a dose-depend manner (data not shown), indicating
that 5-ASA anticancer property may be correlated with
inhibiting 5-LOX activity.
On the other hand, many studies over the past decade
have demonstrated that NSAIDs, including indomethacin,
piroxicam and sulindac as well as aspirin, have a potent
inhibitory effect on the growth of colorectal cancer[6,11-13].
It is postulated that this antitumor effect is mediated by
inhibiting the COX-2 activity[20,21,27]. Over-expression of
COX-2 in CRC may activate epidermal growth factor
receptor, up-regulate the bcl-2 gene to promote cell
proliferation, and inhibit cell apoptosis[28]. Being consistent
with these effects, nimesulide, a selective COX-2 inhibitor,
could down-regulate COX-2 expression in a dose-depend
manner (data not shown) and significantly inhibit the
proliferation of HT-29 carcinoma cells and promote cell
apoptosis in vitro in a dose- and time- dependent manner.
In the present study, 5-ASA or nimesulide suppressed
the proliferation of HT-29 carcinoma cells and promoted
cell apoptosis in vitro remarkably, the possible mechanism
may correlate with the inhibition of 5-LOX or COX-2
activity when pretreated with 5-ASA or nimesulide alone.

www.wjgnet.com

2876

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

However, both 5-LOX and COX-2 were up-regulated in
colon cancer cells. Ye et al[22] demonstrated that inhibition
of COX-2 or 5-LOX reduces the tumor size. Treatment
with a COX-2 inhibitor could decrease the PGE2 level
and increase the LTB4 level. In contrast, treatment with
a 5-LOX-inhibitor reduced the LTB4 level and did not
change the PGE2 level, suggesting that just inhibiting
5-LOX or COX-2 activity alone may not suppress CRC
development effectively [22]. However, treatment with
COX-2 and 5-LOX inhibitors further could inhibit the
tumor growth[29-32], which was accompanied with the down
regulation of PGE2 and LTB4 simultaneously[22]. Both
5-ASA and nimesulide, which are the most commonly
prescribed anti-inflammatory agents in clinic, could
suppress colon cancer proliferation by inhibiting 5-LOX or
COX-2 activity. Can we hypothesize that co-administration
of 5-ASA and nimesulide may inhibit colon cancer cell
proliferation more effectively? Co-administration of these
agents has more chemopreventive properties against
the proliferation of HT-29 carcinoma cells in vitro than
administration of 5-ASA or nimesulide alone, showing a
dose and time dependent correlation.
In conclusion, co-administration of 5-ASA and NSAIDs,
especially at a low dose may have chemopreventive effect
on CRC, which may reduce the side effect of theses agents
when administrated alone. This approach should present a
superior anticancer profile, and a new therapy for cancers
associated with IBD.
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Abstract
AIM: To evaluate the effect of antiviral agents on
intrahepatic HBV DNA in HBeAg-positive chronic hepatitis
B patients.
METHODS: Seventy-one patients received treatment
with lamivudine, interferon alpha (IFN-α2b) or sequential
therapy with lamivudine-IFN-α2b for 48 wk. All subjects
were followed up for 24 wk. Serum and intrahepatic
HBV DNA were measured quantitatively by PCR. HBV
genotypes were analyzed by PCR-RFLP.
RESULTS: At the end of treatment, the intrahepatic
HBV DNA level in 71 patients decreased from a mean of
(6.1 ± 1.0) log10 to (4.9 ± 1.4) log10. Further, a larger
decrease was seen in the intrahepatic HBV DNA level
in patients with HBeAg seroconversion. Intrahepatic
HBV DNA level (before and after treatment) was not
significantly affected by the patients’ HBV genotype, or
by the probability of virological flare after treatment.
CONCLUSION: Intrahepatic HBV DNA can be effectively
lowered by antiviral agents and is a significant marker
for monitoring antivirus treatment. Low intrahepatic
HBV DNA level may achieve better efficacy of antivirus
treatment.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) is one of the major causes of
liver disease worldwide. Approximately more than 350
million people in the world are chronic carriers, and
eventually 15%-25% of them could progress to end-stage
liver disease and hepatocellular carcinoma, ranking ninth
globally among all causes of mortality (up to 1 million
deaths annually) [1]. Fortunately, several therapies have
been developed for chronic hepatitis B. Anti-viral therapy
is believed to be the most important strategy. Currently
available anti-viral drugs include interferon-alpha [2-4]
and nucleoside analogue agents[5-9]. It was reported that
long-term anti-viral treatment can improve fibrosis and
cirrhosis, increase survival rate and decrease the incidence
of hepatocellular carcinoma in patients with chronic
hepatitis B[10,11]. Nonetheless, when the treatment with antiviral drugs is stopped, relapse occurs in a great majority of
patients, even if they have undetectable serum HBV DNA,
normal serum alanine aminotransferase level and HBeAg
seroconversion.
Therefore, it is important to determine which end
points should be used to judge the success or failure of
treatment and assist in determining how long therapy
should be maintained. Since biopsy specimens from
chronic HBV patients are not easy to obtain, intrahepatic
HBV DNA level is not often studied. The aim of the
present study was to analyze the effect of anti-viral drugs
on intrahepatic HBV DNA and the relationship between
intrahepatic HBV DNA and the long-term efficacy of
antivirus treatment.

MATERIALS AND METHODS
Subjects
Between March 2003 and March 2005, 71 patients (59

Lu HY� et al . Effect of antivirus agents on HBV DNA

2879

Table 1 Histological and virological characteristics of 71 patients with chronic HBV infection mean ± SD
Parameter

Total (n = 71)

Knodell score: pretreatment
post-treatment
Intrahepatic HBV DNA (log10): pretreatment
post-treatment
Serum HBV DNA (log10): pretreatment
post-treatment
ALT (nkat/L): pretreatmen
post-treatment

8.2 ± 4.1
5.8 ± 3.4a
6.1 ± 1.0
4.9 ± 1.4a
7.7 ± 1.1
4.0 ± 1.3a
3390 ± 2321
868 ± 885a

HBeAg positive (n = 54)
8.4 ± 4.1
6.0 ± 3.6
6.3 ± 0.8
5.1 ± 1.5
7.9 ± 0.9
4.4 ± 1.4a
3206 ± 2354
9853 ± 985

HBeAg seroconversion (n = 17)
7.1 ± 4.2
5.1 ± 3.1a
5.6 ± 1.2
4.1 ± 0.8a
7.5 ± 1.0
3.0 ± 0.2a
3841 ± 2371
618 ± 659a

a

P < 0.05 vs pretreatment.

males and 12 females) with HBeAg-positive chronic
hepatitis B were recruited. Their age was 19-47 (mean
32 ± 9) years. Informed consent was obtained from
all patients. The patients were matched according to
the following criteria: positive for HBsAg and HBeAg,
serum HBV DNA ≥ 1 × 105 copies/L, serum alanine
aminotransferase (ALT) level above at least two-fold the
normal range (normal range 0-667 nkat/L) for more
than 6 mo. Exclusion criteria were as follows: alcoholism,
pregnancy, cirrhosis, chronic renal failure, concurrent
autoimmune disease, serious neurological disorders,
human immunodeficiency virus (HIV) infection and viral
hepatitis A, C, delta or E. Patients treated with interferon
or other anti-viral therapies for 6 mo prior to enrollment
in this study were also excluded. Patients were treated with
100 mg oral lamivudine daily (n = 35), or lamivudine
during the first 8 mo and IFN-α from mo 7 to 12 (n = 24)
or 5 million units of interferon-alpha (IFN-α), three times
per week (n = 12). Treatment groups were randomized at
the ratio 3:2:1. The total duration of therapy was 12 mo.
All subjects were followed up for 24 wk after the 12 mo of
treatment. Presence of serum HBV DNA level ≤ 1 × 103
and normalization of serum ALT level were assessed as
treatment response.
Measurement of hepatitis B virus markers and biochemical
tests
Blood samples were obtained before and after treatment
and at the 24 wk follow-up visit. Liver biochemistry and
HBV marker test (enzyme-linked immunosorbant assay)
were performed on these samples.
Liver biopsy specimens were collected by needle
biopsies (0.5 cm-1.5 cm) before and after treatment. The
tissue was washed several times in cold phosphate buffered
saline (PBS) and stored at -70℃. Total DNA was extracted
from liver tissue with Qiaamp DNA tissue Mini DNA kit
(Qiagen, Germany). Serum and intrahepatic HBV DNA
were measured quantitatively by real-time polymerase chain
reaction (PCR) (Model 5700, ABI Company, USA) with a
lower limit of detection of 1 × 103 HBV DNA copies/L and
1 × 103 copies/g total DNA, respectively. HBV genotypes
were determined by PCR restriction fragment length
polymorphism (PCR-RFLP) analysis[12].
Detection of histological inflammatory score
Histological inflammatory score was detected with the
Knodell scoring system. Histological response was defined

as a decrease by at least two points in the Knodell scoring
system[13].
Statistical analysis
Data were analyzed with the Statistical Program for Social
Sciences (SPSS 13.0 for Windows). Categorical variables
were tested using chi-square test or Fisher’s exact test.
Normally distributed variables were tested using t-test
or ANOVA, whereas continuous variables with skewed
distribution were tested using the Kruskal Wallis test. A
regression model was used for univariate and multivariate
analysis. P < 0.05 was considered statistically significant.

RESULTS
Histological, biochemical and virological data
At the end of treatment, the mean values of Knodell
score, serum HBV DNA level, intrahepatic HBV DNA
level, and serum ALT level in all the 71 patients declined
significantly (P < 0.05). HBeAg seroconversion occurred
in 17 out of the 71 patients. There was no significant
difference in above mentioned parameters between HBeAg
seroconversion group and HBeAg positive group before
treatment (P > 0.05), except for the baseline intrahepatic
HBV DNA levels (5.6 ± 1.2) log10 and (6.3 ± 0.8 )
log10, respectively (P = 0.02). After treatment, HBeAg
seroconversion group had better improvement than
HBeAg positive group. The mean intrahepatic HBV DNA
decreased to (4.1 ± 0.8) log10 in seroconversion group (P
= 0.0124), and to (5.1 ± 1.5) log10 (P = 0.0872) in HBeAg
positive group (Table 1).
Intrahepatic HBV DNA level and HBV genotype
At the end of treatment, the intrahepatic HBV DNA
load was less than 5 log10 in 38 patients, and higher than
5 log10 in 33 patients (P < 0.05). The difference was
not statistically significant in serum HBV DNA load,
histology and serum ALT level before treatment. After
treatment, compared with the patients with intrahepatic
HBV DNA load greater than 5 log10, greater reduction
in above mentioned parameters was seen in patients with
intrahepatic HBV DNA load less than 5 log10. After
24 wk of treatment, sustained virological response rate
and ALT normalization rate were very similar between two
groups (P > 0.05) (Table 2). Regression analysis showed
that virological flares after antiviral treatment were not
correlated with the baseline or post-treatment level of
www.wjgnet.com
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Table 2 Intrahepatic HBV DNA level in chronic HBV patients and HBV genotypes mean ± SD
Parameter
Knodell score: pretreatment
post-treatment
Intrahepatic HBV DNA (log10): pretreatment
post-treatment
Serum HBV DNA (log10): pretreatment
post-treatment
Off- treatment 24 wk
ALT (nkat/L): pretreatment
post-treatment
Off-treatment 24 wk
Off-treatment 24 wk virological response rate
Off-treatment 24 wk ALT normalization rate

Intrahepatic HBV DNA
< 5 log10 (n = 38)
7.6 ± 4.0
4.8 ± 2.2a
5.8 ± 1.0
3.8 ± 0.9a
7.6 ± 1.0
3.3 ± 0.7a
5.1 ± 1.4
4342 ± 2788
634 ± 567a
1519 ± 1519
23.7% (9/38)
16.7% (15/38)

Intrahepatic HBV DNA
≥ 5 log10 (n = 33)
8.2 ± 4.1
7.4 ± 4.1
6.3 ± 0.9
6.1 ± 0.7
7.8 ± 1.3
4.7 ± 1.4a
5.2 ± 1.7
2571 ± 1519
1135 ± 1052
1637 ± 1369
27.3% (9/33)
13.3% (10/33)

HBV genotypes
Genotype C group (n = 61) Genotype B (n = 10)
8.1 ± 4.1
6.0 ± 3.4a
6.1 ± 0.9
4.9 ± 1.4a
7.7 ± 1.2
4.05 ± 1.3a
5.1 ± 1.6
3390 ± 2438
912 ± 918a
1503 ± 1336
31.1% (19/51)
39.3% (24/51)

5.7 ± 3.2
5.4 ± 3.1
5.6 ± 1.5
4.7 ± 1.2
7.6 ± 0.8
4.9 ± 1.2a
4.3 ± 1.3
4509 ± 2338
551 ± 236a
1987 ± 1720
30% (3/10)
30% (3/10)

a

P < 0.05 vs pretreatment.

intrahepatic HBV DNA load (P > 0.05).
HBV genotype C accounted for 85.9% (n = 61), and
genotype B for 14.1% (n = 10). The mean intrahepatic
HBV DNA loads in genotype C patients before and after
treatment were (6.1 ± 0.9) log10 and (4.9 ± 1.4) log10
(P < 0.05), and (5.6 ± 1.5) log10 and (4.7 ± 1.2) log10 in
genotype B patients, respectively (P > 0.05). There was
no statistically significant difference in serum intrahepatic
HBV DNA load and ALT level between the two groups
at the end of treatment and in any of the parameters
measured after 24 wk of treatment (P > 0.05). After 24 wk
of treatment, sustained virological response rate and ALT
normalization rate were similar (Table 2).
Antiviral outcome
There was no significant difference in all the parameters
among the three groups before treatment (P > 0.05). At
the end of treatment, the antiviral effect of sequential
lamivudine-INF-α therapy and lamivudine monotherapy
was similar (P > 0.05), which was superior to that of
INF-α monotherapy (P < 0.05). Reduction of intrahepatic
HBV DNA was greater in lamivudine-INF- α therapy
group and lamivudine monotherapy group than in INF-α
monotherapy group, sug gesting that the nucleoside
analogue agents might play a stronger role than INF-α in
inhibiting intrahepatic HBV DNA (data not shown).

DISCUSSION
Due to recent advancements, chronic hepatitis B has
become a treatable disease. The short-term efficacy
of IFN- α is about 40%-60% [12,17]. Peginterferon-alpha
(PEG IFN-α) is more effective against HBeAg-positive
chronic hepatitis B than either lamivudine or standard
IFN- α monotherapy [3,4] . Nucleoside analogue agents
markedly suppress HBV DNA polymerase, and have
numerous advantages, such as minimal side effects, ease
of administration. Furthermore, they show good effects
on chronic hepatitis B, liver decompensation, cirrhosis, or
other coexisting conditions. It was reported that serum
HBV DNA is undectable in 80% of patients, HBeAg
is eliminated in 20%-25% of them, and 60% ALT level
becomes normal in 60% of them after treatment with
www.wjgnet.com

lamivudine[14-16].
Nonetheless, the efficacy of antiviral treatment is far
from perfect. IFN-α can achieve a sustained response
after one year in only 20%-30% of chronic HBV infection
patients[17]. Relapse occurs in the majority of patients after
therapy. The main reason is that HBV covalently closed
circular DNA (cccDNA) in infected hepatocytes cannot be
eliminated by antiviral agents, leading to rebound of HBV
DNA after antiviral therapy [18]. The life cycle of HBV
relies on a covalently closed circular form of the viral
genome, which provides the template for viral pregenomic
messenger RNA. Replication of cccDNA is not semiconservative, and needs viral DNA cycling back to the
nuclei to amplify and maintain the pool of cccDNA[19,20].
It was reported that intrahepatic HBV cccDNA correlates
positively with the total intrahepatic HBV DNA [21] ,
sug gesting that intrahepatic HBV DNA should be
eliminated first in order to clear HBV cccDNA and
intrahepatic HBV DNA level can be taken as a reasonable
parameter in evaluating the efficacy of antiviral therapy,
thus helping decide the duration of therapy.
The results of our study show that antiviral treatment
decreased the serum and intrahepatic HBV DNA as
well as alanine aminotransferase levels in 71 patients (P
< 0.05). HBeAg seroconversion occurred in 17 out of
the 71 patients at the end of treatment. There was no
significant difference in the baseline levels of Knodell
score, serum ALT and HBV DNA levels between HBeAg
seroconversion and HBeAg positive groups (P > 0.05).
Only the intrahepatic HBV DNA level was obviously lower
in HBeAg seroconversion group than in HBeAg positive
group (P = 0.02). After treatment, greater improvement
in above mentioned parameters was seen in patients with
HBeAg seroconversion than in HBeAg positive patients.
The mean intrahepatic HBV DNA level was lower in the
HBeAg seroconversion group than in the HBeAg positive
group (P = 0.010), suggesting that intrahepatic HBV DNA
can be effectively lowered by antiviral agents and a lower
intrahepatic HBV DNA level is able to predict the efficacy
of antiviral therapy.
At the end of treatment, the intrahepatic HBV DNA
load was less than 5 log10 in 38 patients and greater than
5 log10 in 33 patients. The mean intrahepatic HBV DNA
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load before and after treatment was obviously lower in
the patients with intrahepatic HBV DNA load less than
5 log10 than in the patients with intrahepatic HBV DNA
load greater than 5 log10 (P < 0.05), and the difference
was not statistically significant in the other parameters. At
the end of treatment, greater reduction in the measured
parameters was seen in patients with intrahepatic HBV
DNA load less than 5 log10, indicating that reduction in
intrahepatic HBV DNA load is also very important in
antiviral treatment. After 24 wk of treatment, sustained
virus response rate and ALT normalization rate for the
two groups were very similar (23.7% and 16.7%, 27.3%
and 13.3%, respectively, P > 0.05). Regression analysis
showed that virus flares after antiviral treatment were not
correlated with the baseline or with the post-treatment
level of serum and intrahepatic HBV DNA load (r < 0.05,
P > 0.05). A possible reason is that the duration of antiviral
treatment in this study was too short to eliminate or largely
lessen the intrahepatic HBV DNA load. Therefore, once
the antiviral drugs are withdrawn, the majority of patients
would experience virus rebound. Intrahepatic HBV DNA
was undetectable even if the patients had undetectable
serum HBV DNA, indicating that intrahepatic HBV DNA
is more useful than serum HBV DNA in monitoring the
efficacy of antivirus therapy, and loss of intrahepatic HBV
DNA might be crucial for the patients to achieve sustained
antiviral response.
HBV is classified into 8 genotypes (A-H), each showing
a distinct geographical distribution and disease progression.
HBV genotype C is believed to be associated with a
higher risk of reactivation and progression to cirrhosis
compared to HBV genotype B[22,23]. Whether hepatitis B
virus (HBV) genotypes influence the response to antiviral
treatment remains controversial. It was reported that HBV
genotypes do not influence the development of resistance
to lamivudine, but influence the severity of liver disease[24].
In the present study, 85.9% of patients were infected with
the HBV genotype C and 14.1% with the HBV genotype
B. There was no significant difference in intrahepatic HBV
DNA load, serum ALT and HBV DNA level, as well as in
histological findings before and after treatment between
the two groups (P > 0.05). After 24 wk of treatment, both
sustained virological response rate and ALT normalization
rate for the two groups were very similar (P > 0.05),
indicating that HBV genotypes have no influence on
intrahepatic HBV DNA load. In this study, there was no
statistically significant difference in the long-term effect of
antiviral therapy between HBV genotypes B and C.
In conclusion, antiviral therapy can effectively suppress
intrahepatic HBV DNA replication. Better efficacy of
antivirus treatment can be achieved in patients with a
low intrahepatic HBV DNA level. Intrahepatic HBV
DNA level at the end of antiviral treatment is correlated
with the effect of antiviral therapy, suggesting that loss
of intrahepatic HBV DNA may induces less virus flare
and can be taken as the optimal endpoint of antiviral
treatment. There is no significant difference in intrahepatic
HBV DNA level between HBV genotypes C and B.
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Abstract
AIM: To establish an accurate and rapid stem-loop
reverse transcriptional real-time PCR (RT-PCR) method
to quantify human let-7a miRNA in gastric cancer.
METHODS: According to the sequence of let-7a miRNA,
the stem-loop reverse transcriptional primer, the primers
and quantitative MGB probes of real-time PCR were
designed and synthesized. The dynamic range and the
sensitivity of quantitative reverse transcriptional real-time
PCR were determined. The levels of let-7a miRNA were
examined in 32 gastric carcinoma samples by stem-loop
RT-PCR method.
RESULTS: The dynamic range and sensitivity of the
let-7a miRNA quantification scheme were evaluated,
the result showed the assay could precisely detect 10
copies of mature let-7a miRNA in as few as 0.05 ng of
total RNA of gastric mucosa. The results of specificity
analysis showed no fluorescence signal occurred even
though 50 ng of human genomic DNA was added to the
reverse transcription (RT) reaction. The expression level
of let-7a miRNA in gastric tumor tissues was significantly
lower compared to normal tissues in 14 samples from 32
patients.
CONCLUSION: The stem-loop RT-PCR is a reliable
method to detect let-7a miRNA which may play an
important role in the development of gastric carcinoma.
© 2007 The WJG Press. All rights reserved.

Key words: MicroRNA; Let-7a; Real-time PCR; Gastric
carcinoma
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INTRODUCTION
Mature microRNAs (miRNAs) were a recently discovered
class of endogenous, small non-encoding RNAs with the
length of 21-25 nucleotides[1]. Their primary function
was believed as translational repression of protein
coding mRNAs at post-transcriptional level[2-4]. miRNAs
were found in the genomes of animals[5,6] and plants[7,8].
There are about 4000 unique transcripts, including 462
human miRNAs in the Sanger Center miRNA registry[9].
Otherwise, it is estimated that human genome has more
than 1000 miRNAs[10].
Although the biological functions and the target genes
of miRNAs are poorly understood, it has been confirmed
that they regulate complicated biological behaviors, such
as cell differentiation, proliferation and death, etc[11]. Recent
studies have shown that miRNA is closely related to tumor
genesis and differentiation[12], especially, the expression
level of let-7a miRNA was reduced in human lung cancer
and colon cancer[13,14], and it was shown to be anticancer
miRNA that repressed Ras and c-myc expression at
translational level [15]. As Ras and c-myc are universal
pathways of several tumors, let-7a miRNA may be the
target of tumor genesis.
Since miRNAs are very different from other traditional
RNAs, different methods are needed to quantify their
expression. We, therefore, established an accurate and
rapid real-time PCR fluorescence quantitative method to
quantify human let-7a miRNA in human gastric carcinoma
and normal tissue. Based on this method, we preliminarily
discussed the relationship between let-7a expression level
and gastric carcinoma genesis.

MATERIALS AND METHODS
Patients and specimens
All human tissue samples were obtained from surgical
specimens of 32 patients with gastric carcinoma from
2005 to 2006 at Hangzhou First People’s Hospital, China.
All tissues, including gastric carcinoma and corresponding
adjacent normal tissue, were divided into two parts and
preserved in liquid nitrogen for 30 min after removing
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Table 1 Oligonucleotides used in this study
let-7aPRT: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGAT
ACGACAACTA
let-7aPf: GCCGCTGAGGTAGTAGGTTGTA
let-7aPr: GTGCAGGGTCCGAGGT
let-7aT: (6-FAM) TGGATACGACAACTATAC (MGB)
let-7aSeq: 6-ugagguaguagguuguauaguu-27 (MIMAT0000062)

from the body. Informed consent was taken from all
subjects.
Total RNA and genomic DNA preparation
Total RNA and genomic DNA were extracted from the
gastric carcinoma tissues and normal gastric mucous
tissues. Total RNA was extracted by using Trizol
(Invitrogen, Carlsbad CA) and genomic DNA was
extracted by using QIAamp DNA Mini Kit (Qiagene,
Germany) according to the manufacturer’s instructions.
The total RNA and genomic DNA were quantified by
ultraviolet spectrophotometer (UVPC2401, SHIMADZU)
at a wavelength of 260 nm. Total RNA from normal
gastric mucosa was quantified to 5 µg, and then diluted to
500 ng, 50 ng, 5 ng, 0.5 ng, 0.05 ng, 0.005 ng, respectively.
Stem-loop RT primer and TaqMan MGB probe
All of the oligonucleotides described are displayed
in Table 1. The stem-loop RT primer, real-time PCR
primes and TaqMan MGB probe were designed as
previously described by Chen et al[16]. The let-7a miRNA
template sequence was accessed from http://microrna.
sanger.ac.uk/cgi-bin/sequences/mirna_entry.pl? acc =
MI0000060. All primers, and probes were synthesized by
Shanghai GeneCore Biotechnologies Co., Ltd.
Reverse transcription
The miRNAs were reverse transcribed into cDNAs by
SuperScript Ⅲ reverse transcription kits (Invitrogen). Ten
microliters of the total RNA or artificially synthesized
let-7a miRNA template, 1.0 µl of 1.0 µmmol/µL stemloop RT primer (let-7aPRT), 1.0 µl of 10 mmol/L dNTPs
(Promega) and 1.0 µl of H2O were mixed and heated at
65℃ for 5 min. The mixture was immediately placed on ice
for 2 min. Then 4.0 µl of 5 × First-Strand buffer, 1.0 µl
of 0.1 mol/L DTT, 1.0 µl of RNase inhibitor (Invitrogen)
and 1.0 µl of SuperScript Ⅲ reverse transcriptase were
added and mixed. The 20 µl of reaction volume was
incubated for 60 min at 55℃, 15 min at 70℃ and then held
at 4℃. All reverse transcriptions as well as no-template
controls were run at the same time.
Real-time PCR
Real-time PCR was performed using a standard TaqMan
PCR protocol on an Applied Biosystems 7000 Sequence
Detection System (Applied Biosystems). The 50 µl of
PCR mixture included 5.0 µl of RT product, 5.0 µl
of 10 × PCR buffer (Takara), 1.0 µl of 10 mmol/L
dNTPs (Takara), 7.0 µl of 25 mmol/L Mg2+ (Takara),
0.6 µl of AmpliTaq DNA polymerase (5 U/µl, Takara),
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0.2 µl of TaqMan probe (let-7aT, 10 µmol/µl), 1.5 µl of
amplification primerⅠ(let-7aPf, 10 µmol/µl), 0.7 µl of
amplification primer Ⅱ (let-7aPr, 10 µmol/µl) and 29 µl
of autoclaved distilled water. The reaction mixtures were
incubated at 95℃ for 10 min, followed by 40 amplification
cycles of 95℃ for 15 s and 60℃ for 1 min. The threshold
cycle (CT) is defined as the fractional cycle number at
which the fluorescence passes the fixed threshold. TaqMan
CT values were converted into absolute copy numbers
using a standard curve from synthetic let-7a miRNA. We
also quantified transcripts of beta-actin as the endogenous
RNA control, and each sample was normalized on the
basis of its beta-actin content[17].

RESULTS
Sensitivity and dynamic range
The dynamic range and the sensitivity of the let-7a miRNA
quantification scheme were evaluated using synthesized let7a miRNA. The synthesized let-7a miRNA was quantified
at the ultraviolet (UV) wavelength of 260 nm (A260) and
diluted by ten orders of magnitude, including 1010, 109,
108, 107, 106, 105, 104, 103, 102, 101 and 1 copies/µl. The
real-time PCR assay showed excellent linearity between the
log of target input and CT value, suggesting that the assay
has a dynamic range of at least 8 logs and is capable of
detecting as few as ten copies let-7a in the reaction (Figure
1), and the correlation coefficient was 0.996. The total
RNA input ranged from 0.005 ng to 5 µg, and the result
showed the method could detect the let-7a miRNA as few
as 0.05 ng of total RNA from gastric mucosa (Figure 2).
Specificity analysis
The effect of non-specific genomic DNA on let-7a
miRNA assay was tested. The results showed that no
fluorescence signal occurred even though 50 ng of human
genomic DNA was added to the RT reaction, indicating
that the method has a good specificity without disturbance
of genome.
Expression of let-7a miRNA in gastric carcinoma
In order to confirm whether the level of let-7a miRNA
was reduced in human gastric cancer, we examined the
expression of mature let-7a miRNA and beta-actin in the
samples from 32 patients with gastric cancer. As shown in
Table 2 and Figure 3, the expression level of let-7a miRNA
in tumors was significantly lower (down-regulation rate
over 2-fold) in 14 patients tested. However, in the other
18 patients, no significant difference in let-7a miRNA
expression was observed between tumors and normal
tissues, and the up- or down-regulation rates were within
two-fold.

DISCUSSION
MicroRNAs are endogenous short non-coding RNA
molecules that regulate cell differentiation, proliferation,
and apoptosis through post-transcriptional suppression of
gene expression by binding to the complementary sequence
in the 3’-untranslated region (3’-UTR) of target messenger
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Figure 1 Sensitivity and dynamic range of let-7a miRNA assay. A: Amplification curve of the synthesized let-7a miRNA, the well-behaved assay exhibited high sensitivity
and broad dynamic range between the signal of 10 copies and 108 copies input template and the no-template-control background; B: Standard curve of the let-7a miRNA (r2
= 0.996, slope = -2.92).

RNAs (mRNAs)[3]. Recently, it has been revealed that the
change of miRNA expressions contributes to the initiation
and progression of carcinoma. More than 50% of
miRNAs are located in cancer-associated genomic regions
or in fragile sites[18]. The relationship between miRNA and
tumor has currently become the focus of many scientists.
Current methods for detection and quantification of
let-7a miRNA are largely based on cloning, Northern
blotting[19], or primer extension[20]. Although microarrays
could improve the throughput of miRNA profiling, the

method is relatively limited in terms of sensitivity and
specificity[21,22]. Low sensitivity becomes a problem for
miRNA quantification because it is difficult to amplify
these short RNA targets. Furthermore, low specificity
may lead to a false-positive signal. They are not only
low-sensitive, but also low-specific, because of the nonspecificity of let-7a pre-miRNA and genome.
Real-time PCR is the gold standard for gene expression
quantification [23,24] . It has been a long challenge for
scientists to design a conventional PCR assay from
www.wjgnet.com
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Figure 2 Total RNA sensitivity and dynamic range of let-7a miRNA assay. A: Amplification plot of total RNA from gastric mucosa at six orders of magnitude. The total RNA
input ranged from 50 pg to 5 µg in per stem-loop RT-PCR reaction; B: Correlation of total RNA input with the threshold of cycle (Ct) values for let-7a miRNA assays.

miRNAs with 22 nt in length on average. We specifically
quantified the let-7a miRNA expression levels in gastric
carcinoma using TaqMan PCR assays designed by Chen
et al[16]. This assay can precisely detect 10 copies let-7a in
50 pg of total RNA. Furthermore, the results showed this
method could detect let-7a miRNA without disturbance of
genome.
Gastric carcinoma develops through the accumulation
of multiple genetic lesions that involve oncogenes, tumor
suppressor genes and DNA mismatch repair genes. The
relationship between gastric carcinoma genesis and the
expression of let-7a miRNA is rarely reported. In the
present study, we examined, using real-time PCR, the

www.wjgnet.com

expression of let-7a mature miRNA in 32 matched pairs
of gastric tumoral and non-tumoral tissues from patients.
The results showed let-7a miRNA was significantly
down-regulated in 14 of 32 patients with gastric cancer.
Similarly, the expression of let-7a miRNA was reduced
in lung cancer[13] and colon cancer[14]. The 3’UTRs of the
human Ras genes contain multiple let-7a complementary
sites (LCSs), allowing let-7a to regulate Ras expression. It
has been reported that the expression of let-7a is lower
in gastric tumors than in normal gastric tissue, while Ras
protein is significantly higher in gastric tumors, which
provides a possible mechanism for the association of let-7a
in gastric cancer. Further studies on relationship between
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Table 2 Expression of let-7a miRNA in gastric carcinoma tissue
Sample No.

T (copies/µg)

50901
51005
51006
51208
06031
60412
60418
60519
60524
60625
60726
60729
60731
60832

N (copies/µg)

T/N

let-7a

β-actin

let-7a/β-actin

let-7a

β-actin

let-7a/β-actin

7.37 × 104
1.15 × 104
1.03 × 105
6.30 × 105
1.03 × 103
1.35 × 105
6.53 × 105
6.31 × 104
3.05 × 105
1.53 × 105
8.24 × 104
5.61 × 106
4.35 × 104
7.28 × 105

1.05 × 105
3.83 × 104
5.15 × 105
1.26 × 106
8.58 × 102
2.70 × 105
1.09 × 106
2.10 × 105
7.63 × 105
5.10 × 105
1.03 × 105
5.61 × 107
8.70 × 104
3.64 × 106

0.7
0.3
0.2
0.5
1.2
0.5
0.6
0.3
0.4
0.3
0.8
0.1
0.5
0.2

2.15 × 105
4.35 × 104
8.57 × 105
1.98 × 106
2.63 × 103
5.88 × 105
2.74 × 106
4.94 × 105
6.22 × 105
5.78 × 105
2.55 × 105
3.49 × 107
1.32 × 105
3.78 × 106

1.43 × 105
2.90 × 104
4.76 × 105
1.65 × 106
1.05 × 103
2.45 × 105
1.37 × 106
2.35 × 105
6.91 × 105
4.82 × 105
9.46 × 104
4.36 × 107
9.41 × 104
3.15 × 106

1.5
1.5
1.8
1.2
2.5
2.4
2.0
2.1
0.9
1.2
2.7
0.8
1.4
1.2

0.47
0.20
0.11
0.42
0.48
0.21
0.30
0.14
0.44
0.25
0.30
0.13
0.36
0.17

T: Gastric carcinoma tissue; N: Normal tissue; T/N: Difference in let-7a expression between tumor and normal tissue.
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N

Figure 3 Expression of let-7a miRNA in gastric cancer.
Difference in let-7a miRNA expression between in tumor
tissues (T) and the adjacent non-tumor tissues (N). The
patient numbers correspond to those in Table 2. Compared
to normal tissues, let-7a miRNAs expression in tumor tissue
from 14 patients was significantly down-regulated.

1.5
1
0.5
0

1

3

5

7

9

11

13

15

17

19

21

23

25

27

29

31

Sample

gastric carcinoma and let-7a are currently underway in our
laboratory.
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Abstract
Colonic perforation during endoscopic diagnostic or
therapeutic procedures, represents an uncommon
occurrence even if, together with haemorrhage, it is
still the most common complication of colonoscopy,
with an incidence ranging between 0.1% and 2% of
all colonoscopic procedures. The ideal treatment in
these cases remains elusive as the endoscopist and the
surgeon have to make a choice case by case, depending
on many factors such as how promptly the rupture is
identified, the condition of the patient, the degree of
contamination and the evidence of peritoneal irritation.
Surgical interventions both laparotomic and laparoscopic,
and other medical non-operative solutions are described
in the literature. Only three cases have been reported
in the literature in which the endoscopic apposition of
endoclips was used to repair a colonic perforation during
colonoscopy. Ours is the first case that the perforation
itself was caused by the improper functioning of a
therapeutic device.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Colonic perforation, tog ether with haemor rhage,
represents the most common complication of therapeutic
colonoscopy, although its incidence is very low and ranges
between 0.1% and 2% of all colonoscopic procedure[1]. The
occurrence of colonic perforations during polypectomy
can depend on several factors alone or in association with
each other. Some of these risk factors are from physicians,
and others depend on the polyp and the shape of its
peduncle. There are few cases in which the main risk factor
is represented by a malfunctioning therapeutic device.
We report a case of a perforation of the colonic wall
during an endoscopic polypectomy, caused by a defective
device, which was promptly treated endoscopically by the
apposition of endoclips.

CASE REPORT
A 48-year-old male patient was admitted complaining of
rectal bleeding for the past two months accompanied with
frequent episodes of constipation and diarrhoea. The
patient underwent colonoscopy after preparation with
4 L PEG-Electrolyte solution. Endoscopy was performed
after light sedation with intravenous 10 mg benzodiazepine
(Valium ®). The procedure showed a 1 cm in diameter
sigmoid polyp with a short peduncle, and two other polyps
of about 3 cm in diameter. One of these was larger with
a 1.5 cm peduncle on the left flexure of the colon and the
other was a sessile polyp on the right flexure. Endoscopic
resection was started with the polyp at the right flexure
after a submucosal injection of 12 mL 0.9% saline. Using
an oval diathermic loop and electrocautery Olympus EUS
30 ®, the peduncle was sectioned with a mixed current
(cutting 40W, coagulating 35W). During the initial section
of the peduncle, the diathermy loop broke at one of its
roots because of a manufacturing defect (Figure 1) so
that its elastic tension was discharged on the colonic wall
producing a transmural perforation. This was about 2 cm
long and 3 cm away from the polyp and not bleeding
possibly because of the high temperature of the device
(Figure 2). The perforation was immediately noticed and
promptly closed using two endoclips Olympus® (Figure 3).
As the closure seemed stable and resistant, the patient was
in good condition. Considering the bleeding risk of the
partially excised polyp, the polypectomy was successfully
and easily completed with a new diathermy loop as the
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Figure 1 Defective device captured after the offending procedure.

Figure 2 Transmural perforation of the colon, about 2 cm long and 3 cm from the
polyp.

other two polypectomies, simpler and more distal, not
needing further air insufflations. After the procedure,
the patient reported modest right hypochondria pain,
with no signs of shock, or peritonism. An abdominal
X-ray examination was performed (Figure 4) and showed
bilateral sub-diaphragmatic free air. Based on the stable
general condition of the patient, his age and the very good
colonic preparation, we decided to adopt a conservative
attitude. The patient was kept with fluids and peripheral
parenteral nutrition, and two doses of metronidazole
500 mg and amoxycillin-clavulonic acid 1 g were
administered. The general condition of the patient
consistently remained good without any increase of
temperature, variation of haemodynamic parameters,
or increase of WBC count. A second abdominal X-ray
examination three days after the procedure showed a
significant resorption of the sub-diaphragmatic air. Since
there were no sufficient experiences in literature, we
preferred to extend the hospital stay of the patient even
if she was already dischargeable. The modest abdominal
pain disappeared slowly and intestinal motility became
normal after the 4th post-procedural day so that a light diet
was introduced. The patient was finally discharged in good
condition eight days after the procedure. A further X-ray
examination 18 d later showed the complete resorption
of the intra-peritoneal air and the patient was completely
asymptomatic. The histopathological examination of
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Figure 3 Two endoclips Olympus® are endoscopically positioned to repair the
perforation of the colonic wall.

Figure 4 Abdominal X-ray examination performed soon after the successful
conclusion of the endoscopic procedure, showing bilateral sub-diaphragmatic free
air.

all the resected polyps were classified as tubulo-villous
adenomas with moderate dysplasia and free peduncles,
requiring no more surgical procedure.

DISCUSSION
The ideal management of colonic perforation following
colonoscopic polypectomy remains elusive because its
incidence is very low and estimated to be between 0.1%
and 2% of all colonoscopic procedures[1]. The possibility
of such a rare occurrence can be related to several factors,
some depending on the experience and the training
of the endoscopist. Colonic perforation can be due to
technical errors with consequent direct perforation of the
colonic wall, or to the use of the wrong cutting current
causing extensive necrotic damage of the wall. Other
important risk factors are related to the pathology, the
polyp itself, its shape and dimensions, and the type and
size of its peduncle. Sessile polyps and polyps with short
and thick peduncle are certainly associated with a higher
risk of colonic perforation, as the procedures required
for the endoscopic excision are not always simple. Rare
but still possible, there are cases of perforation resulting
from the improper functioning of a therapeutic device
which is not related to the type of the polyp or the
experience of the endoscopist. The treatment of colonic
perforation during polypectomy is still controversial and
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there are different treatment options to evaluate: the
surgical treatment, either laparoscopic or laparotomic, the
conservative non-operative treatment, and the endoscopic
treatment. An endoscopist must maintain a high index
of suspicion despite minimal or atypical symptoms and
negative radiological studies, because perforation can be a
complication with a high morbidity and mortality[2]. The
research of the best possible management is mandatory
in all cases and immediate surgical consultation should
always be sought. The trend is to be less invasive,
using no surgery given the advantages in ICU care and
antibiotics. Laparoscopically or laparoscopically assisted
(minilaparotomy) surgery is also being increasingly used,
with outcomes comparable to conventional laparotomy.
Moreover, experience and advantages in accessories have
enabled the endoscopic repair of iatrogenic perforation
in recent years [2] . There are only three cases in the
English literature (PubMed) which report the endoscopic
apposition of endoclips to repair a colonic perforation[3-5],
and all of them obtained as good results as ours. In our
opinion, an individualized approach must be taken to
manage the patient with an iatrogenic perforation, and
several factors should be taken into consideration before
making a choice of the treatment. Local factors such as
the suspected septic contamination, the localization of
the polyp, the dimensions of the lesion and the quality of
colonic preparation before the procedure, are important in
order to make the right treatment choice. Other factors are
the general condition of the patient, the symptoms and the
eventual peritoneal irritation. In case of a risk of peritoneal
septic contamination, especially in a patient with uncertain
conditions, the surgical treatment on an emergency basis
has to be considered the only reasonable choice. In these
cases, according to the literature, a laparoscopic repair,
other than minimally invasive, can be also safe, effective
and fast[6], while a delayed surgery may sometimes prove
fatal[7]. The main benefit of the laparoscopic approach,
compared to the traditional laparotomy, is seen in a more
favourable postoperative status and in the possibility
of definitive injury management[8]. The possibility of a
conservative or endoscopic solution by apposition of
endoclips should also be considered in the patient in
good general condition and when colonic preparation
before the procedure is performed properly to minimize
the risk of septic contamination. The case we reported
is the fourth case described in the English literature of
perforation following colonoscopy treated endoscopically
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as a definitive treatment. There are also a few cases of
endoclip apposition to treat duodenal perforation[9,10] and
colocutaneous fistula[11]. To our knowledge, ours is the
first case due to the improper functioning of a therapeutic
device. Although a very careful consideration of the case
is required, endoscopic repair may represent a feasible,
simple, fast and successful procedure, which meets with
the satisfaction of both patient and surgeon, with a
high favorable cost-benefit ratio and a relatively short
hospital stay of the patients when compared to an urgent
surgical procedure after colonic perforation. The reported
procedure is clearly considered to be neither always
feasible nor a gold standard. In our opinion, a non-surgical
endoscopic repair of iatrogenic rupture of the colonic
wall during endoscopic manoeuvres in this case should be
taken into high consideration.
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Abstract
Adenomyoma is a term generally applied to nodular
lesions showing proliferation of both epithelial and
smooth muscle components. Despite its benign nature,
ampullary adenomyoma is usually presented as biliary
obstruction. Most cases are misdiagnosed as carcinoma
or adenoma by preoperative endoscopic or radiologic
procedure. Therefore, it is frequently treated �����
with�
extensive surgery. To our knowledge, this is the first
reported case in English literature of adenomyoma
located in the peripancreatic orifice resulting in
intermittent pancreatic duct obstruction and recurrent
pancreatitis ��������������������������������������
diagnosed�����������������������������
by the endoscopic ����������
piecemeal�
resection.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Ampullary tumors, both benign and malignant, may
present as acute recurrent pancreatitis [��1] . The m����
ost
www.wjgnet.com

common benign cause of this situation is adenoma of
the ������
major �������
papilla[2,3].� Other
������ benign
���������������������������
mass����������������
es��������������
of the major
papilla presenting as acute recurrent pancreatitis ����
are�
4-6]
extremely rare[����
. We
�������������������������������������
describe a rare case of unexposed
type ampullary adenomyoma presenting as acute recurrent
pancreatitis.

CASE REPORT
A� ������������
74-year-old woman
������ was
��������������������
����������������
admitted to our ���������������
department due
����
to ������������������
severe �����������
epigastric� ���������
pain for ���������
one day. �������������������
She denied alcohol
intake and use of any drugs or medications. Five������������
����������������
years ago,
she was
��������������������
admitted��������
�������
to
our �������������
hospital for
���� ��������
similar ����������
symptoms��.
At the time, serum chemistry analysis revealed 37/11
U/L (0-40 U/L) ������������������������������������
asp���������������������������������
a��������������������������������
r�������������������������������
t������������������������������
ate���������������������������
/alanine aminotransferase,
85 U/L (39-117 U/L)����������
���������
alkaline �����������������������
phosphatase, 1.3 mg/dL
(0.2-1.2 mg/dL) total bilirubin, 4290 IU/L (60-160 IU/L)
a����������������������������������
mylase, and 1526 IU���������������
/��������������
L (0-60 IU/L) ������������������
lipase. A���������
����������
bdominal
CT scan showed acute pancreatitis and
�������������
multiple
peripancreatic fluid
�������������������
collect������
ions. For
���� personal
�����������������
reasons
she refused further evaluation and was discharged after
receiving conservative treatment for 1 mo. �����������
During the�
second admission, laboratory data revealed 47/49 U/L
(0-40 U/L)��������������������������������������������
aspirate�����������������������������������
/alanine amino transferase, 90 U/L
(39-117 U/L) alkaline phosphatase, 0.7 mg/dL����������
(0.������
2-1.2
mg/dL) total bilirubin�����������������������������������
, 1417
���������������������������������
IU/L (60-160 IU/L) amylase,
and 1353 U/L (0-60 IU/L) lipase��.� ������
Other �����������
laboratory�
results were within normal range. ������������������
A�����������������
bdominal CT �����
scan
showed acute pancreatitis with peripancreatic fluid
collections presenting as grade E. Magnetic resonance
cholangiopancreatography�������������������������
(M����������������������
RCP�������������������
) �����������������
showed ����������
a ��������
diffuse
dilated common bile duct without any signal void. ����
The
p���������������
ancreatic duct �����������������������������
was unremarkable (Fig��������
ure ����
1). ��������
Because
the terminal����������������������������������
���������������������������������
common bile duct (���������������
CBD������������
)�����������
narrowing ����
was
suspicious, endoscopic
����������������������������������������
retrograde choledochopancreatog raphy (������
ERCP��)� ����
was �����������
perfor med. �������������
D������������
uodenoscopy�
showed�����������
the major papilla
����������������������������������
bulging into the duodenal
lumen. The overlying mucosa was intact (Fig���������
ure �����
2A).
After endoscopic biliary sphincterotomy, an even and firm
nodular mass with a granular and villous mucosa was seen
originating from the peripancreatic orifice (Fig���������
ure �����
2B).
Multiple biopsies were taken from the mass. T������
h�����
ough
the�������������������������
distal
������������������������
common bile duct �����������������������������
was diffusely dilated, there
was no definite delay of passage after contrast injection.
S��������������������������������������������������
ubsequent endoscopic ultrasonography (EUS���������
)��������
showed
slightly elevated echogenic lesions on the major papilla
(Fig����
ure ����
3). ����������������������������������������������
T���������������������������������������������
here was no definite echogenic lesion in the
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Figure 1 MRCP showing
a diffuse dilated common
bile duct without signal
void and the remarkable
pancreatic duct.

Figure 3 EUS showing
slightly elevated echogenic lesions on major
papilla.

Figure 2 Duodenoscopy showing a
bulged major papilla
with overlying intact
mucosa (A) and an
even and firm nodular
mass with mucosal and
villous granularities
origionating from the
peripancreatic orifice
after endoscopic biliary
sphinctertomy (B) (the
arrow indicates the
main pancreatic duct
orifice).

Figure 4 Histology
of the resected specimen showing numerous ductules in
association with prominent proliferation of
smooth muscle in the
submucosa of the
duodenum (insert,
HE, × 2). The ductules
were lined by columnar
epithelial cells (HE, ×
200).

gallbladder. T���������
����������
entative �����������������������������������
pathologic diagnosis showed muscle
proliferation without atypia. To confirm the diagnosis of
u����������������������
nexposed��������������
type ��������
adenoma� ���
we ������������
perform�����
ed���a��� ���������������
large-particle
biopsy (piecemeal resection) using an electrocautery
snare. ������
A�����
fter ��������������������������������
piecemeal resection, endoscopic pancreatic
�����������
duct sphincterotomy was
���� performed
����������������
and
������a prophylactic
�������������
pancreatic stent was inserted. �����������������
Additional�������
argon �������
plasma
coagulation (APC) was applied to obliterate remnant
villous mucosa. No procedure����������������������
-���������������������
related complication
occurred���������������
following the procedure.
����������� Histopathologic
����������������
analysis of the
������������������������������������������
��������������������������������������
resected specimen showed an admixture
of numerous ductules and a prominent proliferation of
smooth muscle in the duodenal submucosa. T������������
�������������
he ductules
were lined by columnar epithelial cells (Fig����
ure ����������
4). T�����
������
here
w�������������������������������������������������������������
ere����������������������������������������������������������
no definite pancreatic acini ����������������������������
i���������������������������
n the pathologic finding���
s��.
Based on ����
the ��������������������������������������
pathologic findings, the diagnosis of
unexposed type ampullary adenomyoma was confirmed.
F��������������������������������������
ollow-up duodenoscopy showed ���������
a �������
normal �����������
looking ���
of
major papilla orifice with scar change. T���
����
he ��������
patient ����
was
doing well at the 1�������
year�����������
follow-up.
����������

Discussion
Adenomyoma is a term generally applied to nodular lesions

showing proliferation of both epithelial and smooth
7,8�]
muscle components [����
. I������������
t can occur anywhere
����������������
in the
gastrointestinal tract�������������������������������������
.� Although
�����������������������������������
it is most commonly found
in the fundus of the gallbladder, it rarely occur���������
s��������
in the
extrahepatic biliary tract���������������������������
,��������������������������
including the ampulla of �����
Vater [��8�].
Despite its benign nature, in previous repor ts,
ampullary adenomyoma is usually presented as biliary
9,10�]
obstruction[�����
. �����������������������������������������
Most cases are misdiagnosed as carcinoma
or adenoma by preoperative endoscopic or radiologic
procedure. Therefore, it is frequently treated ���������������
with�����������
extensive
surgery[8,9]. To
�������
our knowledge,
��������������������������������������
this is the first reported
case in English literature of adenomyoma located in the
peripancreatic orifice resulting in intermittent pancreatic
duct obstruction and recurrent pancreatitis diagnosed����
�������������
by
the endoscopic piecemeal������������
���������������������
resection.
Unexposed type ampullary adenomyoma should be
differentiated from chronic papillitis associated with benign
conditions such as gallstones�������������������������
and���������������������
duodenitis. Chronic
papillitis may ������������������������������������������
present�����������������������������������
as adenomatoid ductal hyperplasia
10�]
with fibrosis and chronic inflammation[���
. In contrast��,
the intraampullary mass in our case showed
��������������������
admixture
�������������
of
numerous ductules and prominent proliferation of smooth
muscle in the submucosa of the duodenum��, ������
which ����
was�
devoid of definite fibrosis.
It may be difficult to detect small ampullary lesions��,�
especially����������������
if they do not �������������������������
protrude into the
�����������
�������
ampulla [��1�].
T������������������������������������������������������
hus���������������������������������������������������
,��������������������������������������������������
endoscopic biliary sphincterotomy may be helpful
in detection of �����������������������������������������
the �������������������������������������
unexposed types of ampullary tumors,
especially in case������������������������������������
s�����������������������������������
of common bile duct dilatation in
the absence of gallstones or in cases of unexplained
1,11�]
recurrent pancreatitis [�����
. On
��������������������������
endoscopic
�����������������������
inspection,
the unexposed����������������������������������
type ampullary adenomyoma
������������������
showed
lobulated, fir m, villous, and mucosal granularities��
���������������.
These endoscopic findings������������
are rather nonspecific
����������������
and
may be observed in nonneoplastic conditions such as a
www.wjgnet.com
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12�]
choledochocele, impacted ampullary stones, or papillitis[���
.
T������������������������������������������������������
hus, endoscopic findings are by no means pathognomic��,�
12�]
and tissue diagnosis is essential for accurate ���������
diagnosis[���
.
However, tissue samples obtained using conventional
11�]
biopsy forceps may have a low diagnostic yield[���
. L�����
argeparticle biopsy using an electric cautery snare has been
shown to increase diagnostic accuracy as shown in
12�]
previous��������
studies[���
and ����
the �����������������������������������
patient discussed in this report���.
In summary, unexposed type ampullary adenomyoma
may be added to the list of rare entities causing recurrent
pancreatitis.
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The cover of this well-illustrated, monochrome book has
mini-portraits of eight surgical pioneers that suggest the
scope of this coffee table sized hardback. Andreas Vesalius
rubs shoulders with Lister, Wangensteen, Pasteur and
Ambroise Paré. Indeed this multi-author publication is the
most comprehensive tome of the history of what is the
core of general surgery (i.e. surgery of the gastrointestinal
tract) published to date and browsing through it was an
utter delight.
I was particularly pleased to find, in an English
language publication, not just contributors from the UK,
the US and Australia but also from France, the Netherlands
and Uruguay. Their scholarly efforts are well referenced,
well-edited and hardly ever repetitive. Each chapter is
written by obvious experts in their fields in which they
describe their chose sub-specialty in great historical detail.
I enjoyed the Biographical Notes in the appendix detailing
the life histories of the hundred or so most important
pioneers (all men!) in gastrointestinal surgery. These
vignettes only partly made up for the absence of an index
which I think the book deserves. The chapters detail the

history of how the anatomy of the intestines was revealed,
the battle against infection and pain, the development of
anaesthesia and then cover the GI tract organ by organ
from oesophagus to anus. Specific topics such as bariatric
surgery, intestinal obstruction and the use of mechanical
staplers are well covered and it was especially pleasing to
see how the pioneers in the Soviet Union were given due
credit for the mechanical devices.
The chapter on alimentary tract disorders in infants
and children is extraordinarily detailed and throughout this
book I came across snippets of knowledge that had until
now passed me by such as the fact that the word pancreas
is derived from the Greek pan-kreas (“all-meat”) and that
Professor (later Lord) Lister migrated from Glasgow (where
he trained my great-grandfather) to Edinburgh (which he
loved) to King’s College London (which he did reluctantly)
in order to take his message of antisepsis to that sceptical
southern metropolis.
Between the chapters there are a few more detailed
biographical footnotes on some of the pioneers and these
seem to have been chosen somewhat at random (e.g. On
Billroth, Ravitch, Wangensteen, Sir Alan Parks and others).
However, this bit of serendipity does not detract from the
overall impression of a book of high scholarship which
is easy to read and will probably remain the best historical
reference book in this subject for many years to come.
If Winston Churchill was right when he stated that “The
further you look back the easier it is to look forward!”
then every student and practitioner of gastroenterological
chirurgery must purchase a copy of Pioneers In Surgical
Gastroenterology as soon as possible!
Pioneers In Surgical Gastroenterology
Edited by Walford Gillison and Henry Buckwald
Shrewsbury, tfm Publishing Ltd, 2007
ISBN 1-903378-35-4 UK £45 US $85 4 Euro Є68
S- Editor Zhu LH L- Editor Zhu LH E- Editor Che YB
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Abstract
Despite decreasing incidence and mortality rates, gastric
cancer (GC) still remains the fourth most common cancer
and the second most common cause of cancer-related
deaths worldwide. Due to the limited treatment options,
at present, prevention is likely to be the only effective
means of controlling this disease. The success of a
prevention strategy depends upon the understanding of
etiological and pathogenic mechanisms underlying gastric
carcinogenesis. The etiology of GC is multi-factorial,
however, in the recent years, mounting evidence
suggests that environmental factors play a key role. The
most important environmental factors implicated in the
pathogenesis of GC are diet and H pylori infection. Thus,
modifications in lifestyle and dietary habit associated
with eradication of H pylori infection could hypothetically
represent the most promising potential targets for GC
prevention. In this review we will address the evidence
and the controversies on the role of these agents in noncardia GC by focusing on retrospective and prospective
observational studies and interventional trials.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Despite the decreasing incidence and mortality rates
observed worldwide over the last 50 years, gastric cancer

(GC) still ranks as one of the most frequent and lethal
cancers worldwide [1]. Today, GC is the fourth leading
cancer type in incidence accounting for almost a million
new cases diagnosed annually (International Agency for
the Research on Cancer-IARC 2002)[2�].���������������������
At present, primary
or secondary prevention are likely to be the most effective
means of reducing the incidence of and mortality from
this disease. However, to be successful, this strategy
depends upon knowledge of the etiologic factors involved
in gastric carcinogenesis.
Topographically, GC may arise in the cardia of the
stomach or more distally (non-cardia cancer)[3]. Besides
the individual genetic susceptibility, epidemiological data
suggest that environmental
������������������������������������������
factors are the predominant
cause of this disease even if���������������������������
the etiology and possibly
the pathogenesis of these two types of cancer may be
completely different[2,3].
The most important factors thought to be responsible
for non-cardia GC development are diet and H pylori
infection. In this review we will address the evidence of
and the controversies on the role of these agents in noncardia GC by focusing on retrospective and prospective
observational studies and interventional trials.

DIET AND GASTRIC CANCER
The relationship between diet and cancer has been clearly
demonstrated since the 1930s, in a series of experimental
classical studies in which severe caloric restriction markedly
reduced the occurrence of cancer in rodents[4]. In 1982
the World Health Organization (Food & Agriculture
Organization) stated that eating habits were the main
factor involved in GC risk.
Numerous epidemiology studies aimed at evaluating
the role of diet in gastric carcinogenesis have been carried
out both in high- and low-risk geographic areas (Tables
1-3). Despite the lack of homogeneity of age, ethnicity,
socio-economic status of the populations studied as well
as the different methodological approaches, one of the
most remarkable features emerging from these studies is
the consistency with which certain foods are reported as
being important in the modulation of risk of developing
GC.
Observational epidemiology studies
The majority of the case-control epidemiological
studies[5-20] have shown that high intake of salted, pickled
or smoked foods, as well as dried fish and meat and refined
carbohydrates significantly increases the risk of developing
www.wjgnet.com
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Table 1 Epidemiological studies (population-based case-control) on dietary factors and gastric cancer
Author

Yr

Geographic area Case/Control n Increased risk

Decreased risk

Risch HA5
Buiatti E6
Graham S7
Ramon JM8
Kaaks R9
Lopez-Carrillo L10
Mathew A11
Palli D12
Mayne ST13
Jedrychowski W14
Hamada GS15
Chen H16
Hara M17
Nomura AM18
Lagiou P19
De Stefani E20

1985
1990
1990
1993
1998
1999
2000
2001
2001
2001
2002
2002
2003
2003
2004
2004

Canada
Italy
USA
Spain
Belgium
Mexico
India
Italy
USA
Poland
Brazil
Nebraska
Japan
Hawaii
Greece
Uruguay

Fiber, Vit. C
Vit. C, b-carotene, a-tocopherol, vegetable fat
b-Carotene, raw vegetables, onions, cucumbers
Vit. A, Vit. C
Polyunsaturated fat, Vit. C/B1-B2-B6, C/A
Polyunsaturated fat, fiber, Vit. E
-Vit. C/B6, b-carotene, a-tocopherol, nitrates
Fiber, b-carotene, folate, Vit. C
Vit. E, b-carotene
Fruits
Fiber, Vit. C
Cruciferous vegatables, mushrooms
b-carotene, Vit. C, Vit. E, folate
Flavanone
Vegetables, legumes, fruit, black tea

246/146
1016/1159
293/293
117/234
301/2851
220/752
194/305
382/561
352/687
80/-97/192
124/449
149/287
300/446
110/100
240/960

Nitrite, chocolate, carbohydrates
Nitrites, protein
Sodium, fat, retinol
-Vit. A, Vit. B12, mono, disaccharides
Protein, saturated fat, cholesterol
Rice, spicy foods, chili, high-temperature food
Protein, nitrite, sodium
Animal protein, cholesterol, Vit. B12, nitrite
Carbohydrates
Beef
Saturated fat
-Processed meat, bacon
-Salted-stewed meat, rice, tuber

Table 2 Epidemiological prospective cohort studies on association between dietary factors and GC (1990-2004)
Author

Yr

Geographic area Subjects n

FU yr

Increased risk

Decreased risk

Chyou PH21

1990

USA (Hawaii)

18

--

Kneller RW22

1991

USA
17 633
9753
8006
120 852
120 852
12 763

20
6
25
3.3
4.3
25

Carbohydrates, salted-fish,
bacon, cooked cereals, milk
Alcohol, broiling meat
-----

Green/ cruciferous vegetables, -fruit
---

8006

Kato I23
Nomura A24
Dorant E25
Goldbohm RA26
Ocke MC27

1992
1995
1996
1996
1998

Japan
USA (Hawaii)
The Netherlands
The Netherlands
The Netherlands

Terry P28
Galanis DJ29

1998
1998

Sweden
USA (Hawai)

11 946
11 907

25
14.8

-Coffee

Fruit
Fruit, vegetables
Onions
-Vegetables, fruit,
fiber-rich cereals
Fruit, vegetables
Fruit, raw vegetables

Knekt P30
Jansen MC31

1999
1999

Finland
Netherlands

9985
12 000

24
25

-Refined grains

-Fruit

Botterweck AA32

2000

The Netherlands

Retinol, carotene

Vit. C

120 852

6.3

Tsubono Y33
2001
McCullough ML34 2001

Japan
USA

26 311
1 200 000

8
14

Nagata C35
Ngoan LT36

2002
2002

Japan
Japan

33 304
13 000

7
10

Kobayashi M37
Masaki M38

2002
2003

Japan
Japan

39 993
5765

10
10

Khan MM39
Kim MK40
Sasazuki S41

2004
2004
2004

Japan
Japan
Japan

3158
42 112
72 743

18
10
11

1

2006

Europe

EPIC42-44

521 457

6.6

-Vegetables1

-Vegetables, citrus fruit,
whole grain2
-Soy products
Processed meat, cooking oil, Green/yellow vegetables, fruit,
pickled food, soup
cuttle-fish, tofu, potatoes
-Fruit, vegetables
Meat pattern
Vegetable and fruit pattern
Rice/snack pattern
Western breakfast pattern
Carbonated drink/juice1
Miso soup2
Traditional dietary pattern Healthy dietary pattern1
-Green tea1
Red and processed meat,
Plasma vitamin C
ENOC
Total vegetable intake
Onion, garlic

No effect

-Alcohol
Leek, garlic
Black tea
--Pickled vegetables,
dried/salted fish
Nitrates, nitrites, NDMA
Vegetables
Whole grain
Folate, Vit. E, carotene,
lycopene, fibers,
Vit. A, BHA, BHT
Green tea
--------Dietary Vitamin C

1

Effect limited to women; 2Effect limited to men; FU: follow-up; NDMA: N-nitrosodimethylamine. EPIC: European prospective investigation into cancer and
nutrition study; BHA: butylated hydroxyanisole; BHT: butylated hydroxytoluene (cooking fats, oils, mayonnaise, creamy salad dressing, dried soup); ENOC:
endogenous nitroso compounds.

GC while fiber, fresh vegetables and fruits were found to
be inversely associated with GC risk (Table 1).
High consumption of refined carbohydrates has been
shown to be associated with a significant increased risk of
developing GC with an estimated odds ratio (OR) ranging
www.wjgnet.com

from 1.5[5] to 8.73/100 mg of daily intake[14]. The increased
trend in risk appeared particularly high in females (OR
highest quartile of consumption frequency [���
Q4] vs �������
lowest
quartile [���������
Q1] 14.8)[28]. High consumption of saturated fat
and cholesterol enhanced the risk of cancer for intestinal
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Table 3 Randomised controlled dietary intervention trials for prevention of stomach cancer
Geographic area Subjects n

Dietary intervention

Intervention (yr) FU (yr) Results

Wang GQ67 1994

China

29 584

5.25

5.25

↓ gastric cancer mortality

Varis K68
Malila N69

1998
2002

Finland
Finland

29 133
29 133

5
5-8

5
8

Zhu S70

2003

China

216

2

8

= gastric cancer incidence
= gastric cancer incidence
No change cancer incidence
↓ precancerous lesions

Li H71

2004

China

2526

retinol/zinc; riboflavin/niacin;
Vit. C/molybdenum; carotene/Vit.E/selenium
a-tocopherol 50 mg/d; b-carotene 20 mg/d;
a-tocopherol 50 mg/d; b-carotene 20 mg/d
Folate 20 mg/d + Vit. B12 1 mg/mo
Natural b-carotene 30 mg/d
Synthetic b-carotene 30 mg/d
Synthetic allitridum 200 mg + selenium 100 mg

2

5

No change cancer incidence

Author

Yr

FU: follow-up.

type GC (OR Q4 vs Q1 4.37; 95% CI 1.89-10.12 for
saturated fat and OR Q4 vs Q1 2.39; 95% CI 1.23-4.64 for
cholesterol)[10].
The analysis of dietary micronutrients (vitamin C,
vitamin E, carotenoids, fiber, flavonoids and selenium)
commonly held to be protective against GC yielded
conflicting results. While evidence on the protective effect
of beta-carotene has been very consistent, the approximate
halving risk associated with vitamin C intake, reported
in some studies (OR ranging from 0.3; 95% CI 0.1-0.8
to 0.60; CI 0.41-0.88)[8,9,12,13] has not been confirmed in
others[5,18,19].
Epidemiological approaches of case-control design
could, in part, account for these contrasting results.
Indeed, observational case-control studies are biased by
the retrospective assessment of exposure to dietary risk
factors: the onset of the symptoms affects the dietary habit
and it is difficult to determine it following the diagnosis of
cancer (“recall-bias”).
Observational cohort studies, in which the evaluation
of diet is unaffected by symptoms, should ideally provide
much more reliable evidence. Analysis of the data obtained
in 21 studies involving a total of 1 651 231 individuals,
followed for periods ranging between 3.3 and 25 years[21-44],
substantially confirmed the significant increased risk of
developing GC due to high intake of total carbohydrates,
salted fish, processed meat, refined grains and saturated
fat[22,31,36].
Two Japanese studies based on the analysis of dietary
patterns failed to demonstrate an increased risk of GC in
middle-aged males with a “meat” or “rice” prevalent diet
(relative risk [RR] 1.00; 95% CI 0.55-1.10 and RR 1.00;
95% CI 0.52-1.19, respectively)[38] while the “traditional
pattern” was a risk factor for both genders (RR 2.88; 95%
CI 1.76-4.72 for males and RR 2.40; 95% CI 1.32-4.35
for females) [40]. A�������������������������������������
large prospective study on diet and
cancer carried out on 521 457 individuals aged 35-70 years
recruited in 10 European countries (EPIC-European
Prospective Investigation into Cancer and Nutrition
study), by analyzing 314 incident cases of GC that had
occurred after 6.6 average years of follow-up, reported a
significant increase of non-cardia cancer risk associated
with intake of total meat (calibrated HR per 100 g/d
increase 3.52; 95% CI 1.96-6.34), red meat (calibrated HR
per 50 g/d increase 1.73; 95% CI 1.03-2.88), and processed
meat (calibrated HR per 50-g/d increase 2.45; 95% CI
1.43-4.21). The risk of developing GC was particularly

high in H pylori antibody-positive subjects[42]. Similar results
were obtained for the endogenous formation of nitroso
compounds (ENOC). ENOC was significantly associated
with non-cardia cancer risk (HR 1.42; 95% CI 1.14-1.78
for an increase of 40 mg/d) especially in those cases with
H pylori infection (P for interaction = 0.09)[43].
Data on the protective role of fresh fruit and vegetables
against stomach cancer were somewhat controversial. The
analysis of 11 546 individuals included in the Swedish
Twin Registry demonstrated that the lowest compared
to the highest fruit and vegetable intake had a RR of
developing GC of 5.5 (95% CI 1.7-18.3) with a statistically
significant dose-risk trend (P < 0.05)[28]. The Japan-Hawaii
Cancer Study on 8006 Hawaiian men of Japanese ancestry
reported that all types of vegetables were protective
against GC. Subjects in the group of highest vegetable
consumption (≥ 80 g/d) had a RR of developing GC of
0.6 (95% CI 0.3-0.9) compared to non-consumers[21,24].
Green and yellow vegetables showed the highest protective
effect against GC (RR 0.4; 95% CI 0.2-0.9 and 0.64; 95%
CI 0.45-0.92, respectively)[36,37].
On the other hand, the Seven Countries Study Research
Group found no association between total vegetable
intake and GC risk [31]. Finally, the Cancer Prevention
Study, on a cohort of 1.2 million United States individuals,
demonstrated a reduced risk in males (RR 0.79; 95% CI,
0.67-0.93) and an unexpected increased risk in females (RR
1.25; 95 CI 0.99-1.58)[34].
Data from EPIC study analysing the association of
plasma and dietary vitamin C levels with the risk of GC,
after adjustment by body mass index, total energy intake,
smoking (status, duration and intensity) and H pylori status
demonstrated no association with GC risk for dietary
vitamin C. In contrast an inverse GC risk was observed in
the highest versus lowest quartile of plasma vitamin C (OR
0.55 95% CI 0.31-0.97). The inverse association was more
pronounced in subjects consuming higher levels of red and
processed meats, a factor that may increase endogenous
N-nitroso compound production. The protective effect of
plasma vitamin C was independent of GC anatomical subsite (cardia vs non-cardia) or histological sub-type (diffuse
vs intestinal) or presence of H pylori infection[44].
Several epidemiology studies specifically addressed the
association of garlic consumption and risk of stomach
cancer. Six case-control studies analyzing on the whole
3209 GC cases and 7600 controls, suggested a protective
effect of high intake of raw and/or cooked garlic for
www.wjgnet.com
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GC (OR ranging from 0.3 to 0.89; 95% CI 0.12-0.77 and
0.64-1.24, respectively)[6,45-49]. Only one cohort study (based
on a case-cohort approach) compared the intake of garlic
supplements of 152 subjects who developed GC during
a 3.3 years follow-up with that of a random sample from
the entire cohort who did not developed any type of
cancer. Beside the expectative, garlic supplements slightly
increased the risk of developing GC (RR 1.27; 95% CI
0.6-2.6)[25].
Tea is one of the most popular beverages in the world
and the consumption of tea has been hypothesized to be
associated with a decreased risk of GC[50]. The catechins
and their strong antioxidant and anti-angiogenic activity
as well as their potential to inhibit cell proliferation and
modulate carcinogen metabolism could be responsible for
the biological benefits of tea[51,52].
However, epidemiological studies analyzing the
relationship between tea and GC risk yielded conflicting
results [47,50,53-62]. Among the case-control studies, eight
showed that high consumers of green tea (> 10 cups/d)
had a statistically significant reduction of the risk of
developing GC[47,50,53-58], three studies failed to demonstrate
any significant decrease of the GC risk [59-61] and the
remaining showed an opposite result[62]. The majority of
the prospective studies did not find an inverse
��������������������
association
between tea consumption and the risk of GC[26,33,63,64]. In
contrast, three studies[41,65,66] confirmed the protective role
of tea against GC particularly for non-cardia GC ����
(OR
0.51 95% CI 0.30-0.86) in the highest category of green
tea consumption (≥ 5 cups/d vs ≤ 1 cup/d)[41].��������
On the
basis of this epidemiological evidence no convincing
claims can be made with regard to the protective effect
of garlic and tea on GC. However, low study power,
variability in consumption categorization within studies
and poor adjustment for potential confounders may limit
the reliability of any conclusion regarding garlic and tea
supplementation.

involving 29 584 subjects residing in Linxian, China, and
followed for 5.25 years, demonstrated no statistically
significant reduction in the prevalence of GC for any
of the interventional arms, even though, a reduction in
total mortality, total cancer mortality and stomach cancer
mortality was found among those receiving beta-carotene,
vitamin E and selenium[67]. Similar results were obtained
in the Alpha-Tocopherol Beta-Carotene (ATBC) Cancer
Prevention Study conducted in Southwest Finland and
involving 29 133 middle-aged male smokers observed
between 1985 and 1993[68,69]. Long-term supplementation
with alpha-tocopherol (50 mg/d) and/or beta-carotene
(20 mg/d), both at five- and six-year follow-up, had no
significant effect on the overall incidence of GC (RR 1.21
95% CI 0.85-1.74 for alpha-tocopherol and RR 1.26 95%
CI 0.88-1.80 for beta-carotene). Paradoxically, a subgroup
analysis according to histological type suggested an
increased risk for beta-carotene on intestinal type cancer
(RR 1.59 95% CI 0.99-2.56)[68,69]. Finally, another study
involving 216 atrophic gastritis patients treated with folic
acid and/or beta-carotene supplementation and followed
for a period of 8 years failed to demonstrate any significant
reduction in the incidence of GC. However, folic acid
significantly improved gastric mucosa lesions by reversing
gastric atrophy, inflammation and intestinal metaplasia and
dysplasia at the end of follow-up[70].
On the other hand, a double-blinded interventional
study involving 2526 subjects at risk of developing GC
and 2507 controls from a Chinese province, demonstrated,
in the first five years of follow-up, a significant reduction
in the morbidity rates of malignant gastric tumours in the
intervention group treated with large doses of synthetic
allitridum associated with microdoses of selenium for
a period of 3 years (RR 0.48; 95% CI 0.21-1.06 for the
entire population and RR 0.36; 95% CI 0.14-0.92 for male
group)[71].

Interventional dietary trials for prevention of gastric
cancer
Randomized clinical trials provide one of the most
scientifically rigorous approaches for testing hypotheses
emerging from epidemiological and experimental studies
and represent the ideal strategic approach to evaluate
inhibition of cancer development by preventive measures.
The most relevant finding reported by the observational
studies analyzing the role of diet in GC development
concerned the inverse association between fruit and
vegetable intake and GC risk. These foods contain
phytochemicals endowed with anticancer and antiinflammatory properties and are rich in ascorbic acid,
beta-carotene and other carotenoids offering many health
benefits. Dietary interventional trials for stomach cancer
prevention have, therefore, been based mainly on longterm supplementation with anti-oxidant micronutrients
given alone or in combination (beta-carotene, vitamin
A, vitamin C, vitamin E, selenium) [67-71]. However, all
interventional studies but one [70] failed to demonstrate
any significant change in the risk of GC in subjects
receiving anti-oxidant supplementation (Table 3). The
most important study, the “General Population Trial”

H PYLORI INFECTION AND GC RISK
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Since the incidental discovery in 1983, the association
of H pylori with GC has become a hot topic of
gastroenterological studies. Just
�����������������������������
a decade later, a large
cross-sectional study (t�����������������������������
he EUROGAST study) involving
17 populations from 13 different countries (Unites States,
Japan and 11 European countries), concluded that H
pylori-infected patients had six-fold increased risk of GC
compared with uninfected subjects [72]. In���������������
�����������������
1994, despite
some controversial opinion, the International Agency for
Research on Cancer declared H pylori to be a groupⅠhuman
carcinogen for gastric adenocarcinoma[73]. The statement
was mainly based on epidemiological investigations since
no experimental studies had been performed at that
time to prove the causal link between H pylori and GC.
Currently, although substantial evidence supports the role
of H pylori infection in GC development, the magnitude of
the risk of GC associated with infection remains unclear.
Many epidemiological studies have been conducted
in an attempt to address this issue (Tables 4 and 5).
Retrospective case-control studies analyzing on the whole
8306 GC cases and 15 884 controls reported an increased
risk of developing GC for patients with H pylori infection
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Table 4 Epidemiological studies (case/control) on association between H. pylori infection and GC risk (1990-2005)
Author

Yr

Geographic area

Case/Control n

OR (95% CI)

Detection of infection

Loffeld RJ74
Caruso ML75
Talley NJ76
Sipponen P77
Kuipers EJ78
Estevens J79
Blaser MJ80
Tatsuta M81
Buruk F82
Hansson LE83
Archimandritis A84
Lin JT85
Hu PJ86
Sipponen P87
Asaka M88
Kikuchi S89
Rudi J90
Fukuda H91
Menegatti M92
Asaka M93
Hatz RA94
Shibata T95
Kato S96
Kokkola A97
Menegatti M98
Sivaprakash R99
Kim HY100
Miehlke S101
Shi Y102
Barreto-Zuniga R103
Martin-de-Argila C104
Azuma T105
Komoto K106
Wu MS107
Whiting JL108
Lee BM109
Kikuchi S110
Zhang ZF111
Cai L112
Enroth H113
Chang WK114
Ekstrom AM115
Fujioka N116

1990
1990
1991
1992
1993
1993
1993
1993
1993
1993
1993
1993
1994
1994
1994
1995
1995
1995
1995
1995
1996
1996
1996
1996
1996
1996
1997
1997
1997
1997
1997
1998
1998
1998
1998
1998
1999
1999
2000
2000
2001
2001
2001

The Netherland
Italy
USA
Finland
The Netherlands
Portugal
Japan
Japan
Turkey
Sweden
Greece
China, Taiwan
China
Finland
Japan
Japan
Germany
Japan
Italy
Japan
Germany
Japan
Japan
Finland
Italy
India
Korea
Germany
China
Japan
Spain
Japan
Japan
Taiwan
UK
Korea
Japan
USA
China
Sweden
Korea
Sweden
Brazil

2002
2002
2003
2004
2004
2004
2005

Poland
Thailand
USA
Germany
Japan
Japan
Hawaii

2.04 (1.07-3.91)
4.72 (1.32-19.04)
1.63 (0.79-3.37)
2.21 (1.01-4.91)
0.86 (0.44-1.68)
0.54 (0.24-1.19)
2.14(0.72-6.40)
2.42 (0.69-8.66)
1.89 (0.69-5.21)
2.60 (1.35-5.02)
1.23 (0.51-2.95)
1.42 (0.97-2.08)
5.10 (1.70-15.5)
1.31 (0.99-1.74)
2.55 (1.48-4.44)
13.3 (5.3-35.6)
1.39 (0.82-2.36)
1.13 (0.81-1.58)
3.66 (2.33-5.74)
2.40 (1.20-4.80)
2.03 (1.05-3.92)
1.10 (0.43-2.86)
1.12 (0.60-2.07)
3.27 (1.42-7.52)
4.02 (1.99-8.17)
1.91 (1.00-3.67)
1.39 (0.89-2.17)
16.7 (CI 9.6-29.1)
3.30 (1.90-5.9)
3.00 (1.69-5.33)
3.01 (1.02-8.86)
0.97 (0.54-1.75)
5.60 (2.33-13.4)
2.43 (1.29-4.65)
1.67 (1.01-2.75)
5.20 (3.10-8.70)
15.0 (6.4, 35.2)
11.2 (2.5-50.3)
3.45 (0.90-13.2)
2.1 (1.1-3.9)
1.82 (1.10-3.00)
5.0 (1.10-23.6)
0.80 (0.47-1.36)
0.84 (0.54-1.30)
2.59 (1.61-4.22)
0.60 (0.40-1.0)
1.85 (1.03-3.32)
18.3 (2.4-136.7)
8.20 (3.70-18.2)
2.47 (2.19-2.79)
4.86 (5.90-8.13)

Serology
Histology
Serology
Serology, histology
Serology
Serology
Serology
Biopsy culture
Serology
Serology
Serology
Serology
Serology, histology
Histology
Serology
Serology
Serology
Serology
Serology, histology
Serology
Serology
Histology
Serology
Histology
Serology, histology
Serology, biopsy culture
Histology
Histology, 13C-UBT
Serology
Serology
Serology
Serology
Serology, histology
Serology
Serology
CLO test
Serology
Histology
Serology
Serology, histology
Serology
Serology
Serology

Konturek SJ117
Sriamporn S118
Wu AH119
Brenner H120
Machida-Montani A121
Kato M122
Nomura AM123

91/401
44/22
69/252
54/84
116/116
80/80
29/58
41/19
46/40
112/103
47/50
143/823
51/102
243/1408
213/213
105/102
111/111
282/767
307/162
109/109
95/93
50/50
82/151
50/22
148/54
75/75
160/160
215/215
110/125
55/75
48/50
82/167
105/105
135/135
154/154
175/113
103/101
134/65
101/101
72/324
136/136
298/244
93/1861
228/2262
337/337
111/232
127/356
68/360
122/235
2503/6578
299/336

Serology
Serology
Serology
Serology
Serology
Serology
Serology

1

Japanese Brazilian; 2non-Japanese Brazilian.

(OR ranging from 1.10; 95% CI 0.43-2.86 to 18.3; 95% CI
2.4-136.7)[74-123]. However, five studies failed to demonstrate
any significant risk associated to previous or concurrent
H pylori infection[78,79,105,116,118]. Retrospective case-control
studies are limited “per se” by several biases. In GC
patients (cases) H pylori infection is usually assessed after
the development of cancer, but advanced gastric diseases
can be characterized by the loss of infection resulting
in a fall of the circulating anti-H pylori antibodies. In
addition, the type of control population and the absence
of adjustment for confounding factors (age, sex, smoking,
and dietary habit) can hamper the statistical evaluation

leading, to over- or underestimation of the real risk linked
to H pylori infection.
Prospective studies, by contrast, should be more
informative because they use internal control “nested”
within a cohort. The infection is assessed by examining
blood samples taken years before the onset of clinical
disease, so that the enrollment of the studied population
did not suffer of selection bias. All cohort studies[124-143]
reported an increased risk of developing GC associated
to H pylori infection (OR ranging from 1.06; 95% CI
0.80-1.40 to 6.0; 95% CI 2.1-17.3) (Table 5). Only one
study conducted in a high-risk population from Shanghai,
www.wjgnet.com
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Table 5 Epidemiological studies (cohort nested case-control study) on association between H pylori infection and GC risk
Author
Nomura AM124
Parsonnet J125
Forman D126
Parsonnet J127
Blaser MJ128
Lin JT129
Aromaa A130
Webb PM131
Siman JH132
Watanabe Y133
1
Yuan JM°134
Hansen S135
You WC136
Tulinius H137
Siman JH138
Limburg P139
Nomura AM140
Kosunen TU141
Shin A142
Knekt P143

Yr
1991
1991
1991
1993
1995
1995
1996
1996
1997
1997
1999
1999
2000
2001
2001
2001
2002
2005
2005
2006

Geographic area
USA
USA
England
USA
USA
China, Taiwan
Finland
China
Sweden
Japan
China
Norvay
China
Iceland
Sweden
China
Hawaii
Finland
Korea
Finland

Case/Control n
109/109
109/109
116/484
136/136
102/102
29/220
80/146
87/261
56/224
45/225
188/548
208/208
34/2594
23/128
56/224
92/192
261/261
363/4854
86/344
225/435

OR (95% CI)
6.0 (2.1-17.3)
3.6 (1.8-7.3)
2.7 (1.0-7.9)
2.62 (1.47-4.69)
1.45 (0.76-2.80)
1.13 (0.81-1.58)
1.50 (0.70-3.22)
0.93 (0.57-1.54)
5.00 (2.20-11.5)
1.84 (1.54-5.72)
1.84 (1.08-3.11)
5.15 (2.83-9.37)
1.8 (1.20-2.60)
1.16 (1.05-1.28)
5.0 (2.2-11.2)
2.29 (1.26-4.14)
2.70 (1.30-5.6)
2.49 (1.86-3.34)
1.06 (0.80-1.40)
3.12 (1.97-4.95)

Mean follow-up (yr)
12
14.2
15
21
3
13
6
40
5.7
8
12
13
4.5
20
5.7
15
25
24
2.6
15

1

Re-evaluation of the Webb study with ELISA developed and validated among Shanghai residents.

China, failed to demonstrate an association between
H pylori infection and the subsequent risk of GC [131].
However, an update of the results at longer follow-up and
by using an enzyme-linked immunosorbent assay (ELISA)
based on strains validated among the Shanghai residents
showed a statistically significant association between
H pylori seropositivity and GC risk (OR 1.84; 95% CI,
1.08-3.11 raising to 3.74; 95% CI 1.51-9.30 among subjects
followed for 5 or more years after enrolment)[134].
A meta-analysis of cohort and case-control studies
evaluated that the summary OR for GC in H pylori
infected patients was 1.92 (95% CI 1.32-2.78), 2.24 (95%
CI 1.15-4.4), and 1.81 (95% CI, 1.16-2.84) for all studies,
cohort, and case-control studies, respectively. The risk
of developing GC was greatest in younger patients (OR
9.29 at age < 29 years) and was equally associated with
the intestinal or diffuse type GC[144]. A combined analysis
of 12 case-control studies (6 from Europe, 4 from
Asia, 2 from the United States) nested with prospective
cohorts and involving 1228 GC cases and 3406 controls,
revealed that the association of H pylori infection with GC
was restricted to non-cardia cancers (OR 2.97; 95% CI
2.3-3.7), and was stronger when blood samples for H pylori
serology were collected ten years or more before cancer
diagnosis (OR 5.9; 95% CI 3.4-10.3)[145]. However, the
most powerful evidence comes from a prospective study
on 1526 Japanese patients followed for approximately 7.8
years. GC developed in 36 out of 1246 H pylori-positive
patients (2.9%) in contrast to none of the 280 noninfected subjects[146].
Infection with cagA-positive strains further increases
the risk of developing GC. According to a recent metaanalysis of 2284 cases and 2770 controls, infection with
cag-A-positive strains increased the risk of developing GC
up to 1.64-fold (95% CI 1.21-2.24) for all sites GC and
2.01-fold (95% CI 1.21-3.32) for non-cardia GC[147].
The close relationship between H pylori infection and GC
www.wjgnet.com

leads to the critical question of whether antimicrobial therapy
can be considered for GC chemoprevention. A �������������
prospective,
randomized, placebo-controlled, population study carried out
in a high-risk area of China involving 1630 subjects observed
from 1994 to 2002 reported a comparable incidence of GC
in the subjects receiving H pylori eradication treatment and
those receiving placebo. However, eradication of H pylori
significantly decreased the development of GC in a
subgroup of H pylori carriers not presenting precancerous
lesions[148]. On the other hand, a������������������������
randomized, controlled
chemoprevention trial conducted in subjects with confirmed
histological diagnoses of multifocal, non-metaplastic
atrophy and/or intestinal metaplasia, assigned to receive
anti-H pylori triple therapy and/or dietary supplementation
(ascorbic acid, beta-carotene, or their corresponding
placebos), demonstrated a significant regression rate of
the lesions for all three basic interventions (RR 4.8 95% CI
1.6-14.2 for anti-H pylori treatment; 5.1, 95% CI 1.7-15.0
for beta-carotene treatment, and 5.0; 95% CI 1.7-14.4 for
ascorbic acid treatment in subjects with atrophy and 3.1;
95% CI 1.0-9.3; 3.4; 95% CI 1.1-9.8, and 3.3; 95% CI 1.1-9.5
in subjects with intestinal metaplasia)[149].

INTERPLAY BETWEEN H PYLORI
INFECTION AND DIET
A synergistic interaction between H pylori infection and diet
in GC has been suggested[150]. �����������������������
One possible mechanism
by which H pylori exerts its “carcinogenic” potential is
the greater likelihood of malignant transformation due
to inflammatory responses of the gastric epithelium.
The generation of reactive oxygen species (ROS) and the
increased level of nitric oxide (NO) synthase associated
with the mucosal colonization by H pylori cause DNA
mutations which may be the initial step in the genetic
alterations of gastric epithelial cells[151-153]. Another possible
explanation is that the H pylori-related inflammation
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Table 6 Epidemiological studies (hospital-based case-control) on association between dietary factors and H pylori infection and gastric
cancer risk
Author

Yr

Geographic area

Case/Control n

Increased risk

Decreased risk

H pylori risk

Sriamporn S118
Lee SA156

2002
2003

Thailand
Korea

131/262
69/199

2003
2004

Mexico
Japan

234/468
122/235

Vegetables, fruit
Vegetables, fruit,
soybean curds, broth
---

Independent
Increased

Lopez-Carrillo L157
Machida-Montani A121

Salt, fermented foods
Salt, kimchi,
salt-fermented fish
Capsaicin
Fermented soy bean, rice

induces predisposing morphological changes in the gastric
mucosa such as atrophy and intestinal metaplasia [154].
These latter conditions decrease the acidity in the stomach
increasing the endogenous formation of nitrosamides, the
main subset of N-nitroso compounds[155]. Nitrosamides,
spontaneously formed in the stomach from the nitrite
and amides, do not require enzymes but depend on the
presence of nitrites and are favored by a high pH. Thus,
the ability of the host to reduce nitrate to nitrite and the
dietary intake of nitrate and amine are critical for the onset
of the gastric carcinogenic process. This hypothesis links
the theory of “N-nitroso compounds-mediated GC risk”
with that of the “H pylori-related GC risk” suggesting an
“integrated model” of gastric carcinogenesis. However,
even if the synergistic interaction between diet and
H pylori infection is biologically plausible, only a few
epidemiological studies have simultaneously evaluated the
role of H pylori infection and dietary habits in relation to
GC risk. Furthermore, the results of these studies were
conflicting (Table 6) [118,121,156,157]. A case-control study
conducted in Thailand analyzing both the effect of dietary
pattern and H pylori infection found an increased risk of
GC associated with a high intake of salt (OR 1.8; 95% CI
1.1-3.0) and fermented foods (OR 1.9; 95% CI 1.1-3.3)[118].
In contrast, a weak negative association was found between
GC risk and vegetable and fruit intake and no association
between H pylori infection and GC risk (OR 0.6; 95% CI
0.4-1.0)[118]. Likewise, a study evaluating the role of H
pylori infection and capsaicin consumption on the risk of
GC demonstrated an increased risk (OR 1.71; 95% CI:
0.76-3.88) in high-level consumers of capsaicin (90-200
mg/d) as compared to low-consumers (0-29.9 mg/d).
However, this effect was independent of H pylori status
and was higher for diffuse type GC (OR 3.64; 95% CI
1.09-12.2) compared to the intestinal type (OR 1.36; 95%
CI 0.31-5.89)[157]. Lastly, Machida-Montani et al[121] found a
close correlation between GC and H pylori infection (OR
8.2; 95% CI 3.7-18.2), frequent intake of fermented soy
bean soup (OR 2.1; 95% CI 0.9-5.1), and rice (OR 2.5;
95% CI 1.0-6.1) but no significant interaction between diet
and H pylori infection. In contrast, in a Korean hospitalbased case-control study, subjects with H pylori infection
and high salt intake had a 10-fold higher risk of developing
GC than subjects without H pylori infection and low salt
intake (P = 0.047)[156].

DISCUSSION
GC develops through a multistage process which may
span ≥ 20 years[154]. The long latency period hypothetically
provides wide opportunities for intervention to prevent
cancer development. However, several questions need

Independent
Independent

to be answered before the results of epidemiological
and interventional studies can be extended to the clinical
setting.
Firstly, GC comprises at least two main entities, the
intestinal and the diffuse type, which differ considerably
from an epidemiological, clinical and molecular point of
view[158]. Based on epidemiological evidence, the intestinal
type, preceded by precancerous lesions, seems more
closely influenced by environmental factors while the latter
recognizes mainly a “genetic” substrate. However, only
a few studies have focused on the nutritional pattern in
relation to the histotype of GC[6,159-161]. Even hampered
by the small number of cases studied, the results strongly
suggest that the dietary risk factors are common to both
types of GC while the protective factors play a more
important role in preventing the intestinal type. Secondly,
trials directly evaluating cancer development as target
require very large numbers of subjects to be followed for
decades. Trials with smaller groups of subjects followed
for shorter periods and focusing on the intermediate steps
of the gastric carcinogenic process may hypothetically
obtain information on the possible inhibition of cancer
development. However, only the “intestinal type” cancer
recognizes a precancerous “cascade” of events and only a
small subset of patients with precancerous lesions develop
GC[154]. Thus, very large number of subjects for many years
would need to be followed to obtain conclusive results.
Finally, due to the” synergistic” interplay between diet
and H pylori infection, H pylori should always be properly
considered.
In conclusion, although GC is a disease of genes,
mainly triggered by H pylori-related mucosal inflammation,
overwhelming evidence suggest that diet and lifestyle
factors are important causes leading to cancer. Indeed, the
progressive decline in GC incidence observed between
1930s and 1980s, before the discovery of H pylori, can be,
without doubt, related to improvement of diet and spread
use of refrigerators. On the other hand, data suggesting
that H pylori eradication may reduce the risk of developing
GC need still to be confirmed by large-scale population
studies [162]. �����������������������������������������
One study that economically modelled the
cost of screening per year of life saved estimated that
in selected populations such as Japanese American,
serological screening for H pylori at age 50 years was more
beneficial than breast cancer screening[163]. However, there
are insufficient data to recommend general screening for
H pylori of asymptomatic patients to prevent GC. The
decision to screen should be based on individual risk
factors such as race, and family history of GC[164].
At present, even�������������������������������������
if foods and food components acting
as risk or protective factors for GC still remain to be fully
www.wjgnet.com
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defined, a diet rich in fruit, vegetables and cereals and poor
in meat, fat and salt has a good prophylactic potential for
cancer and many other chronic diseases of lifestyle i.e.
coronary heart disease, hypertension, obesity and diabetes.
Thus, “diet for cancer prevention” can be proposed as a
general role of well-being and can represent the basis for a
rational health policy.
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Useful detection of CD147 (EMMPRIN) for pathological
diagnosis of early hepatocellular carcinoma in needle biopsy
samples
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The expression of this protein was significantly elevated
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CONCLUSION: CD147 serves potentially as a
pathological target for cancer detection of early HCC.
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INTRODUCTION
Abstract
AIM: ��������������������������������������
To make clear whether CD147 (EMMPRIN)
expression in pathological tumor samples with a fineneedle aspiration biopsy is useful for pathological
diagnosis of early hepatocellular carcinoma (HCC).
METHODS: Twenty-two��������������
patients (���
15������������������
men
�����������������
and ���������
7��������
women;
m����������
edian�����
age ���
68���������������������������������������
��������������������������������������
years, range �������������������������
56-81��������������������
years) underwent a
��
liver tissue���������������������������������������������
biopsy in order to make a�������������������
diagnosis of HCC��.
Paraffin-embedded liver biopsy tissue samples from
22 patients were stained with anti-CD147 antibody,
murine monoclonal antibody 12C3 (MAb12C3) for
immunohistochemical analysis. An
�����������������������
immunohistochemical
analysis of CD147 was performed and the degree of
staining compared between tumor and non-tumor
tissue. In addition, the degree of staining within
tumor tissue was compared according to a number of
clinicopathological variables.
RESULTS: The degree of staining of CD147 was
significantly higher in tumor tissues than non-tumor
tissues, even in tumors less than 15 mm in diameter.�

Hepatocellular carcinoma (HCC) is a major health problem
worldwide, involving more than 500���������������
 ��������������
000 new cases ��������
yearly,
with an age-adjusted incidence of 5.5-14.9 per 100�����
 ����
000
people[1].� �����������������
In some areas of �������������
Asia and the �������
Middle ����������
East, HCC
ranks as the most freque��������������������������������
n�������������������������������
t cancer-related cause of death[2].�
The incidence of HCC is also increasing in Europe and
the United States[3].�����������������������������������
The early detection of tumors and
development of therapies for HCC is likely to improve
the p��������
ro������
gnosis[4].� Nevertheless��������������������������
��������������������������������������
,�������������������������
������������������������
despite improvements����
in
both diagnostic modalities and therapy, in���������������
�����������������
��������������
many cases an
accurate diagnosis ������������������������������������
still cannot be���������������������
confirmed even with
diagnostic imaging��������������������������������������
and the �����������������������������
recognition of tumor
��������������
markers
in �����������
the �������
serum��.� ����������������������������������������
Particularly, hypovascular HCC which
���������
is�
often difficult
����������������������������������������������
to recognize by computed tomography
(CT) requires ultrasound (US) examination for a definitive
diagnosis.����������������������������������������
Tumor biopsy is a����������������������
n���������������������
important
��������������������
method of
evaluation����������������������������������������������������
in these cases, particularly ����������������������
in small
�������������������
tumors�������
,������
less
than 15 mm����������������������������������������������
in diameter����������������������������������
. ��������������������������������
Therefore�����������������������
, ���������������������
more sensitive
����������������
tumor
markers�����������������������������������������
for�������������������������������������
pathological diagnosis are ���������
required.
CD147, ����������������������������������������
also known as���������������������������
��������������������������
e�������������������������
xtracellular matrix metalloproteinase inducer (EMMPRIN) or���������������
�����������������
basigin, is a
transmembrane glycoprotein with two immunoglobulin-like
www.wjgnet.com

2914

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

domains�����������������������������������������������������
. This is part of a�����������������������������������
family of
��������������������������
proteins that includes
embigin and neuroplastin[5].�������������������������������
T�����������������������������
������������������������������
umor cell CD147 triggers the
production or release of matrix metalloproteinases in the
surrounding mesenchymal cells and tumor cells, thereby
contributing to tumor invasion[6-9].�����������������������
A very high incidence
of CD147 expression (> 80% of CD147-positive cases) is
���
detected���������������������������������������
by������������������������������������
immunohistochemical staining in HCC[10].�
A previous
��������������������������������������������
paper reported a murine monoclonal
antibody (MAb12C3)��,�������������
specific
������������
to ��������������
human ovarian �����������
carcinomas
was generated by immunizing mice with the human ovarian
germinoma cell line (JOHY-2) [11].� In
���������������������
further resea�����
r����
ch,
u������������������������������
sing phage display libraries, ������������������������
MAb12C3 ����������������
hybridized������
with
the extracellular region of CD147 [12].�����
The MAb12C3
��������
reacted���������������������������������������������������
with 67.7% (21 of 31 cases) of epithelial ovarian
carcinomas, but not with any of benign epithelial ovarian
adenoma��������
s�������
tested[11].
Despite extensive studies on small early stage HCCs,
the morphological criteria for definite diagnosis of welldifferentiated,����������������������������������
small HCCs are still questionable
������������ [13] .�
T����������������������������������������
his study considered whether the use of ��������
MAb12C3
against CD147 protein����������������������������������
could recognize������������������
early �����������
stage������
HCC��.�
MAb12C3 was
���������������������������������������
used for an
��������������������������
examination of ��������
antigen
expression�����������������������������������������������
in early HCC tissue specimens and to identify
any ���������������������������������������������
correlation����������������������������������
s between the immunohistochemical
findings and the clinicopathologic characteristics��������
of the
tumors��. ���������������������������������������������
In this study, small biopsy �����������������
samples����������
���������
from�����
HCC
we�����������������������������������������������
re���������������������������������������������
examine�������������������������������������
d with�������������������������������
immunohistochemical staining. If
���
significant difference�������������������������
s���������������������������������
are�����������������������������
��������������������������������
recognized������������������
between HCC
���������
with
non-tumor liver tissues�����������������������������������
, CD147����������������������������
���������������������������������
may �����������������������
therefore �������������
be effective
as a �����������������������������������������������������
diagnostic and therapeutic
��������������������������������������
target��������������������
in early stage�����
HCC.

Pathologic specimens
Tumor s����������������������������������������������
pecimens were obtained by ��������������������
a tumor biopsy with
�����
a����
21 G
�� fine-needle
����������������������������
aspiration kit��. Non-tumorous
�������������������
liver
tissue specimens were obtained by an 18-20 G needle liver
biopsy concurrently. Formalin-fixed,
����������������������������������
paraffin-embedded
specimens of l����������������������������������������
iver������������������������������������
tumors�����������������������������
and non-tumor liver tissues�
were processed for conventional histologic assessment by
hematoxylin and eosin (HE) staining. ����������������
The tumors were
histologically graded (well or moderately differentiated ).
Immunohistochemical ���������
analysis�
For the immunohistochemical analysis������������������
��������������������������
, formalin-fixed,
paraffin-embedded specimens were dewaxed and used.�
The specimens were stained using the labeled streptavidinbiotin peroxidase complex method with the Ventana
auto-immunostaining system (Ventana Japan, Yokohama,
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Table 1 Characteristics of patients undergoing tumor biopsies
(n = 22)
Features

Median value

Age
Sex (Male/Female)
Plt (× 103/mL)
AST (IU/L)
ALT (IU/L)
T-Bil (mg/dL)
g-GTP (IU/L)
AFP (ng/mL)
HBs Ag/HCV Ab/Others
Tumor size (mm)
Cirrhosis (positive/negative)
Differentiation (well/moderate)

68 (56-81)
15/7
10.0 (5.1-24.5)
68 (21-147)
61.5 (6-214)
0.8 (0.4-2.3)
48 (18-665)
21.5 (3-444)
3/18/1
14.5 (8-23)
5/17
15/7

Data values are expressed as the medians with ranges in parentheses unless
indicated otherwise. Normal ranges: Plt (platelet count), 15-35 × 103/L; AST
(aspartate aminotransferase), 10-33 IU/L; ALT (alanine aminotransferase),
6-35 IU/L; T-Bil (total bilirubin), 0.2-1.2 mg/dL; γ-GTP (γ-glutamyl
transferase), 10-50 IU/L; AFP (α-fetoprotein), > 20 ng/mL.

A

MATERIALS AND METHODS
Patients
The study population included 22����������������������
������������������������
patients (�����������
15���������
men and
7��������
women; m�������������
��������������
edian��������
age 68�
��� �������������������
years, range 56-81�
������ �����������
years) who
underwent ������������������������������������������������
tumor and no������������������������������������
��������������������������������������
n-tumor�����������������������������
liver tissue����������������
biopsy b�������
etween
January�������������������������������������������������
������������������������������������������������
2003��������������������������������������������
and December 200���������������������������
5��������������������������
, in the Jikei
�����������������
University
Daisan�����������������������������������
Hospital, Tokyo, Japan������������
(Table 1). �������������
All patients
underwent biopsies to confirm a��������������
diagnosis of �����
HCC��������
. ������
These
tissue specimens were examined retrospective���������������
ly�������������
. �����������
This study
was approved by the Jikei University Ethics Communittee
Institutional Review Broad.

June 7, 2007

20.0 mm

B

20.0 mm

Figure 1 CD147 protein expression of HCC tissues with microwave-stimulated
processing. A: 10 min of 10 mmol/L citrate buffer (pH 6.0); B: 30 min of DAKO
antigen retrieval solution.

Japan). A murine monoclonal
����������������������������������
antibody ��������������
against CD147
protein, MAb12C3[12], was used as the primary antibody
(����������������������������������������������������
manufactured at Department of Biochemistry 1, Jikei
University School of Medicine����������������������
, Japan). The antigen
retrieval procedure was ��������������������������������
performed�����������������������
with a microwave oven
in DAKO antigen retrieval solution for 30 min at 95℃
to efficiently stain the sample. The immunohistochemical
staining was stronges, ������������������������������
when performed����������������
in a�����������
���������������
microwave
oven in DAKO antigen retrieval solution (Figure 1). The
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A

Figure 2 CD147 protein expression of non-tumor liver tissue and
HCC tissue specimens. A: Nontumor tissue specimen, very weak
expression; B: Non-tumor tissue
specimen, weak expression; C:
HCC tissue, moderate expression;
D: HCC tissue, strong expression.

B

20.0 mm

C

20.0 mm

D

20.0 mm

20.0 mm

Table 2 Immunohistochemical scales of tumor and non-tumor
biopsy specimens
4-step scales
Very weak (0)
Weak (1)
Moderate (2)
Strong (3)
Total

2915

Tumor tissues
n (%)
1 (4.5)
6 (27.3)
3 (13.6)
12 (54.5)
22 (100)

Non-tumor tissues
n (%)

P

7 (31.8)
6 (27.3)
6 (27.3)
3 (13.6)
22 (100)

< 0.01

sections (DAKO Cytomation, Glostrup, Denmark) were
developed with 3, 3'-diaminobenzidine with 0.3% H2O2
and counterstained with hemotoxylin.
For each tissue sample, the fraction of �����������
the immuno�������
stained cells was recorded, and the staining intensity
was estimated using�����������������������������������������
����������������������������������������������
a 4-step scale (0, 1, 2, 3). �����������
The tissue
specimens were
���������������������������������������������
then initially categorized according to
arbitrarily predefined criteria into 4 groups, including
completely �����������������������������������������������
very weakly positive���������������������������
, strongly positive, and 2
intermediate groups��������������������������������������
.�������������������������������������
The exact criteria for these groups
were as follows: very
��������������
weak�����
(���
1��
+ staining
������������������������
in some cells)�
(Scale 0)��; ���������
weak (���
1��
+ staining
������������������������������
���������������������
in�������������������
cells)������������
(Scale 1)��; �������������
moderate (���
2��
+
staining in cells)������������
(Scale 2)��; �����������
strong (3+ ��������������������������
staining in���������������
�����������������
cells)��������
(Scale
3)�������������������������������������������������������
.������������������������������������������������������
The examiners were blinded to patients' clinical and
�����������������������������������������������������
histological (HE staining) profile. Two investigators (�����
H.H.�
and K.N.�����������������������������������������������
���������������������������������������������������
) evaluated the staining levels independently,
after which ��������������������������������������������
any ����������������������������������������
discordant evaluations were adjusted by
connected microscopes��������������������
and scored ��������
jointly.
Statistical analysis
Statistical analyses were performed by the Wilcoxon
signed-rank test and two-sample Wilcoxon rank-sum

(Mann-Whitney) test. P-�������
Values ��
< 0.05
���������������������
were considered
statistically significant. All
������������������������
these analyses����������������
were ����������
perform���
ed
using STATA �����������������������������������������
9.1��������������������������������������
(STATA Corporation, College Station,
Texas, USA)�.

RESULTS
CD147 expression in HCC and non-tumorous liver tissue
Among all 44 tissues (22 HCC and 22 non tumorous liver
tissues), CD147 immunoreactivity was detected on all������
���������
cell
membrane���
s��. As
������������
shown in Figure
�������������������������������
2, CD147 was positively
but weakly stained on�������������������������������
���������������������������������
most non-tumor liver tissues,
beacause the a���������������������������������������
ntigenicity was activated��������������
by microwave����������
stimulated processing�������������������������������
with 30 min treatment of DAKO
retrieval solution�������������������������������������
������������������������������������
(Figure 2B). �����������������������
However, a significant
difference was �������������������������������������
observed�����������������������������
in �������������������������
CD147 expression���������
between�
��������
HCC���������������������������������������
and non-tumor
����������������������������������
liver tissues�����������
����������
(���������
T��������
able 2, �����������
Figure 2). ���
In
fact��, ����������������������������������������������������
there was significantly
������������������������������������������
����������������������������
greater expression of CD147
in the carcinoma tissue��������������������������������
specimens than in non-tumorous
liver tissue specimens, ���������������������������������
including small tumors measuring�
����������
less than 15 mm����������
in size (P < 0.05).
CD147 expression in tumour aspirates correlates with
clinical variables
Twenty-two HCC biopsy specimens were categorized into
�����
two groups for each clinical variable, above or below the
median value.� In���������������������������������������
�����������������������������������������
these two groups, the CD147 intensity
was compared. As illustrated����
���������������
in �������������������������
Figure 3, with
���������������
regard to
tumor size����������������������������������������������
, CD147 was highly ���������������������������
expressed������������������
in large tumors.
In ������������������������������������
contrast����������������������������
, in the detection����������
�������������������
of�������
������ ��������
serum
AST and γ-GTP
level��������������������������������������������������
, CD147 was more significant in low value���������
group���
��������
s.
No significant differences were observed by other ���������
clinical
parameters, such as serum AFP level��. In
����������������������
addition�����������
, although
the CD147 intensity was compared
���������������������������
������������������
between�����������
����������
tumor HCC�
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Serum GTP level > 48 IU/L

P < 0.05

Moderate differenciated n = 7

Serum GTP level < 48 IU/L

P = 0.76
Well differenciated n = 15

Serum AST level > 68 IU/L

P < 0.05

Serum AST level < 68 IU/L

Liver cirrhosis (-) n = 17

Tumor size > 14.5 mm

P = 0.26

P < 0.05

Liver cirrhosis (+) n = 5

Tumor size < 14.5 mm

0

1

2

3

0

4-step scales

1
2
4-step scales

3

Figure 3 Comparison of CD147 intensity between categories of clinicopathological
valiables in tumor biopsies.

Figure 4 Comparison of the CD147 intensity in tumor biopsy specimens: cirrhosis
and tumor differentiation.

associated���������������������������������������������
��������������������������������������������
with����������������������������������������
and without cirrhosis and between welldifferentiated and moderately
����������������������������������
differentiated HCC, no
significant difference was observed���������
(Figure ���
4).

expressing high levels of CD147 compared ����������������
to��������������
their normal
counterparts include carcinomas of the urinary bladder[18],
,���
20]
breast, lung [19����
,������������
oral cavity [21] , esophagus [12] ,�����
skin [22] ,�
[23����
,���
24]
malignant lymphomas
,��������������������������������
and malignant peripheral nerve
sheath tumors[25].�
In this study, the ��������������������������������
staining intensity��������������
of CD147 was
����
confined to�������������������������������������������
cell membrane expression
����������������������������
of this antigen��.
CD147 expressed on the tumor cell surface and stimulates
nearby fibroblasts and endothelial cells[26-28].�����������
CD147 has
been ��������������������������������������������������
shown���������������������������������������������
to be an important mediator�����������������
�������������������������
of tumor-stroma
cross-talk, based on the findings that it mediates not only
MMP production but also angiogenesis via the stimulation
of vascular endothelial growth factor (VEGF) [29],�����
and
anchorage-independent growth and multi�����������������
-����������������
drug resistance
,���
31]
in a hyaluronan-dependent fashion [7,30����
.� Fur
��������
ther
investigation ������������������������������������������
is necessary
���������������������������������������
to examine the expression����
��������������
of
CD147 associated
�������������������������
with����������
fibrosis.
In this study, expression
������������������������������������
of CD147�����������������
in HCC biopsies
����������������
was much stronger than the peritumoral tissue.�������������
This result
may ��������������������������������������������������
illustrate the������������������������������������
�����������������������������������
intensity of�����������������������
CD147 ����������������
expression in���a
tumor biopsy ��������������������������������
is rare�������������������������
in peritumoral tissues.
T������������������������������������������
h�����������������������������������������
e CD147
���������������������������������������
expression was higher in the�����
HCC
����
specimens from patients with lower levels of serum AST
and γ -GTP. This result may ������������������������
indicate����������������
that ����������
the ������
CD147
expression of HCC �������������������������������������
can thus be determined���������������
even when ����
the
liver function is weak.
In this study, �������������������������������������
the ���������������������������������
HCC tissue biopsy specimen�������
s������
�����
were
small in size, therefore we could not use an automated
method to objectively evaluate the expression of CD147.
We ��������������������������������������������������
therefore�����������������������������������������
require further examinations be used to
evaluat the automated method.
In conclusion, HCC tissue biopsy specimens, even from
small tumors, expressed CD147 protein at significantly
higher levels than non-tumorous liver tissue.�����
����
The
immunohistochemical analysis of the murine monoclonal
antibody, MAb12C3, is
������������������������������������
���������������������������������
very useful����������������������
for the��������������
detection of
HCC in even needle biopsy specimens. Therefore,
�����������������
CD147
������
can�����������������������������������������������������������
potentially serve as a useful target for cancer detection
in�����
HCC.

DISCUSSION
CD147 is an adhesion molecule that bind�����������������
s����������������
to endothelial
cells and fibroblasts, and
���������������������������������
stimulates the
������������������
��������������
expression of
several matrix metalloproteinases a�������������������
ssociated with the
����
invasiveness of HCC[14-16].� In
�������������������
a resent study, a����������������
significantly
positive correlation was identified between the CD147
immunostaining intensity������������������������������
���������������������������������������
and the histological grading
and clinical stage ������
of����
HCC [17] .� Moreover,
����������������������
this marker
may be valuable
�����������������������������������������������
��������������������������������������
to d����������������������������������
ifferentiate����������������������
between benign liver
nodules and HCC, especially in small lesions with good
differentiation[17].� ����������������������������������������
Most previous reports were based on the
analyses of surgically removed tissues. ��������������������
This study observed�
tumor nodules ��������������������
obtained by���������
the 21G �����������������������
fine-needle aspiration
kit before �����������
treatment��. ������������������������������������
To ���������������������������������
enhance the����������������������
diagnos��������������
tic efficacy��,
the most sens����������������������������������������
i���������������������������������������
tive detection of ���������������������
CD147 in
���������������
HCC
������������
tissues�
was also investigated����������������������������������
. Therefore�����������������������
, the tissue specimens
were ����������������������������������������������
stained���������������������������������������
using���������������������������������
��������������������������������������
��������������������������������
microwave-stimulated processing�
with DAKO antigen retrieval solution�������������������
.������������������
T����������������
�����������������
he a������������
ntigenicity
of the CD�����������������������������������������
147��������������������������������������
protein was
�������������������������������������
�����������������������������
activated����������������
with ����������
microwavestimulated processing�������������������������������������
which
������������������������������������
resulted in the expression of
CD147 in some non-tumor tissues.��������������������
This result showed
that the peritumoral tissues, pathologicaly diagnosed as
the non-tumor tissue, may be related to the biological
development of the
������������������������������������
malignant
��������������������������������
����������������������
phenotype�������������
with CD147.
Nevertheless, the CD147���������������������������������
expressi������������������������
��������������������������������
on ���������������������
in tumor lesions was
����
significantly stronger,
���������� even
����������������������
in���������������
�����������������
small tumors��
��������. �������������
Furthermore��,
the non-tumorous normal liver tissue and tumor tissue
demonstrated����������������������������������������������
���������������������������������������������
significant difference�����������������������
s in
���������������������
the
������������������
��������������
expression of
the������������������������������������������������������
antigen����������������������������������������������
, even in�������������������������������������
���������������������������������������
small ������������������������������
tumors �����������������������
measuring less than 15
mm in size. ���������������������������������������������
This indicates that
������������������������������
this marker is�����������
�������������
therefore
useful in �����������������������������������������
the��������������������������������������
diagnosis of ������������������������
�������������������������������������
small HCC and also when
considering the most appropriate �����������
treatment��.
Previous stud�������������������������������������
ies����������������������������������
have demonstrated that CD147 can
potentially serve as a target for antitumor therapy. They
showed that the CD147��������������������������������
expression could���������������
��������������������
frequently be
detected in the vast majority of human malignancies
as well as in a subset of benign tumors. Nevertheless,
there are ��������������������������������������������������
significant���������������������������������������
differences both in the intensity and
distribution of CD147������������������������������������
�����������������������������������������
staining among different malignant
tumors as well as benign lesions [10] .� ���������������
In fact��������
, tumors
www.wjgnet.com
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INTRODUCTION
Abstract
AIM: To investigate the ultrastructure of oval cells in
children with chronic hepatitis B, with special emphasis
on their location in areas of collagen fibroplasia.
METHODS: M o r p h o l o g i c a l i n v e s t i g a t i o n s w e r e
conducted on biopsy material obtained from 40 children,
aged 3-16 years with chronic hepatitis B. The stage of
fibrosis was assessed histologically using the arbitrary
semiquantitative numerical scoring system proposed by
Ishak et al . The material for ultrastructural investigation
was fixed in glutaraldehyde and paraformaldehyde and
processed for transmission–electron microscopic analysis.
RESULTS: Ultrastructural examination of biopsy
specimens obtained from children with chronic hepatitis
B showed the presence of two types of oval cells, the
hepatic progenitor cells and intermediate hepatic-like
cells. These cells were present in the parenchyma and
were seen most commonly in areas of intense periportal
fibrosis (at least stage 2 according to Ishak et al ) and
in the vicinity of the limiting plate of the lobule. The
activated nonparenchymal hepatic cells, i.e. transformed
hepatic stellate cells and Kupffer cells were seen in close
proximity to the intermediate hepatic-like cells.
CONCLUSION: We found a distinct relationship between
the prevalence of oval cells (hepatic progenitor cells and
intermediate hepatocyte-like cells) and fibrosis stage in
pediatric patients with chronic hepatitis B.
© 2007 The WJG Press. All rights reserved.

Key words: Pediatric patients; Oval cells; Ultrastructural
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Several authors have suggested that oval cells (syn. liver
progenitor/oval cells) play an essential role in the development
of liver regeneration and carcinogenesis. These cells have
been investigated extensively, using both experimental
material[1-6] as well as human biopsy specimens, obtained
mainly from adult patients[7-12].
It has been proposed that the major approach to
compensate for the loss of liver mass (e.g. after viral
infection, hepatectomy, etc) involves the proliferation and
differentiation in to a fully mature liver of primary, lowdifferentiated, multipotential cells of bone marrow origin,
known as the progenitor cells or stem cells. Although, it
is still a matter of dispute, these cells are believed to act
as precursor cells of intrahepatic progenitor cells, i.e. oval
cells[2,6,7,12-15].
It is believed that oval cells constitute a heterogenic
cell population which account for 1%-3% of the normal
liver cell pool. These cells are located in the portal and
periportal spaces, with the nucleus serving as the common
morphological feature shared by these cells. The oval cells
are not easy to recognize. They have many features in
common, both structural and functional, with hepatoblasts
of the embryonic and fetal period[12,16,17]. The oval cells
are thought to constitute a reserve compartment that is
activated only when hepatocytes fail to proliferate[18].
The most common pathological process involving oval
cells occurs in chronic hepatitis, especially during the phase
of acute necrosis, when the oval cells are found in the
areas of regeneration/proliferation, as well as during the
phase of fibrosis and structural reorganization of hepatic
parenchyma (liver cirrhosis)[7,4,10,11,19-21].
The oval cells also share some features with the
cells that appear in the mature organ in the process of
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hepatocarcinogenesis, giving rise to hepatocellular carcinoma
and cholangio-cellular type neoplasms[8,9,12,16]. Parent et al[8]
reporting on hepatic progenitor cells in liver pathology,
attached special emphasis to their role in carcinogenesis seen
in human chronic liver diseases.
Several authors agree that the oval cells have a bipotent
nature (and can therefore be called bipotent small epithelial
cells, bipotent oval cells, bipotent liver progenitor cells), i.e. these
cells exhibit a two-directional differentiating ability, which
during regeneration and hepatocarcinogenesis, constitutes
a major source of precursor cells both for hepatocytes and
for epithelial cells of bile ductules[2,6,8,11,12,19,20].
Among the numerous reports on the role of oval cells
in various liver pathologies, the one published by Novikoff
et al[13] deserves special attention. Using an experimental
model of carcinogenesis, the authors identified a
population of non-differentiated cells in the liver, termed
small blast-like cells (syn. small non-epithelial cells). These
cells give rise to two morphologically and phenotypically
different groups of oval cells. One group contains nonpolarized basic ductal blast-like cells. The other comprises
two types of polarized transitional epithelial cells-the oval/
bile ductule epithelial cells and hepatocytes.
Roskams et al [22] , have identified three categories
of oval cells in humans, which ultrustructurally and
phenotypically do not differ much from those described
earlier by Novikoff et al [13]. However, they treated the
putative progenitor cells as categoryⅠoval cells and not
as a separate group. Under category Ⅱ, these researchers
included intermediate bile-duct like cells, and in category
[22]
Ⅲ-the intermediate hepatocyte-like cells . As noted in
the experimental model, the “progenitor cells” exhibit
immunoreactivity for a panel of bile ductular cell markers,
including rat oval cell marker OV6, cytokeratin 7,
cytokeratin 19 and chromogranin A[22].
There is no agreement with regard to the morphogenesis and role of oval cells in different liver pathologies,
which is reflected in a number of names used to describe
this cell population. Moreover, we have found no reports
on this subject in children with chronic viral infections.
Therefore, the objective of the current study was the
ultrastructural assessment of oval cells in children with
chronic hepatitis B, especially in the areas of collagen
fibroplasia of varying intensity. The current study is a
continuation of our morphological research on liver
fibrosis in pediatric patients with chronic inflammation of
the liver, including chronic hepatitis B[23-26].

MATERIALS AND METHODS
Patients
Histological and ultrastructural assessment was made of
liver specimens of children with biopsy proven chronic
hepatitis B (HBs/+/, HBe/+/ and HBV DNA/+/),
before administration of antiviral treatment. The study
was carried out in the Department of Clinical Pathomorphology, Medical University of Bialystok. Retrospective
evaluation of the stage of liver fibrosis was made on
material obtained by needle biopsy in 40 children, aged
3-16 years (mean age 8.5 years; 25 boys and 15 girls).
Patients with autoimmune hepatitis, liver cirrhosis
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(including incomplete cirrhosis) and HCV co-infection
were excluded from the study. None of the children were
treated with antiviral or immunomodulating drugs during
the 12-mo-period before enrolment in the study.
Histological analysis
The liver biopsy specimens were fixed in 10% buffered
formalin and embedded in paraffin. Histological stains
used in the analysis included hematoxylin and eosin, Azan
method, Masson’s trichrome, Masson’s-Goldner and
reticulum stain according to Gomori. Fibrosis stage (S) was
assessed in a blind fashion by a single pathologist using the
semiquantitative scoring system proposed by Ishak et al[27].
In the group of 40 children, we identified 10 patients with
advanced fibrosis, 10 with mild and 20 with moderate liver
fibrosis. The material was also subjected to ultrastructural
analysis.
Ultrastructural analysis
For ultrastructural examination, fresh liver blocks (1 mm3)
were fixed in a solution containing 2.5 glutaraldehyde,
2% paraformaldehyde, and 0.1 mol/L cacodylate buffer
at pH 7.4. The specimens were post fixed in 2% OsO4,
dehydrated in ethanol and propylene oxide, embedded in
Epon 812 and sectioned on an ultramicrotom (Reichert)
to obtain semithin sections (0.5-1 µm thick) which were
stained with 1% methylene blue in 1% sodium borate and
examined under a light microscope. Ultrathin sections
prepared from selected specimens were double stained
with uranyl acetate and lead citrate, and examined using
an Opton 900 PC transmission electron microscope
(Zeiss, Oberkochen, West Germany). Assessment of oval
cells was made by an investigator who was blinded to the
clinical information. The study was approved by the Local
Ethical Committee at the Medical University of Białystok.

RESULTS
In the group of children (10) with Ishak’s fibrosis stage (S)
0-1, ultrastructural analyses revealed either no oval cells
or only sporadic presence of these cells. The cells were
found in one patient with S-0 and in 3 patients with S-1
(i.e. in 4 cases out of 10). Oval cells were more common in
patients with S-2 fibrosis (7 cases out of 10). In patients
with advanced liver fibrosis (S-3 or 4), the number of oval
cells, although still not very high, showed a two to threefold increase in all cases (10 patients).
The oval cells were seen mainly in areas of periportal
and portal fibrosis, especially in areas close to the limiting
plate of the lobule, where they were squeezed in the
intercellular spaces, being enclosed by hepatocytes, and in
the vicinity to bile ductules (Figures 1-3).
At times the cells were observed in dilated perisinusoidal spaces of Disse, usually accompanied with
collagen fiber bundles (Figure 4A and B). Activated
nonparenchymal hepatocytes were seen in the vicinity
of the intermediate hepatocyte-like cells. These cells
transformed into hepatic stellate cells, i.e. transitional
Ito-fibroblast/myofibroblast cells and Kupffer cells.
Sometimes the activated nonparenchymal cells were found
to adhere to the oval cells (Figures 3 and 4).
www.wjgnet.com
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Figures 1 The view of hepatic progenitor cells in hepatic intracellular spaces.
The nuclei contain dense heterochromatin clumped under nuclear envelope and
sparse euchromatin. The cytoplasm shows rare poorly developed cell organelles.
Between progenitor cells and the neighboring mature hepatic cells (H) point
desmosomes are present (>) (× 12 000).
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Figure 3 In a fibrotic field of the periportal space; an intermediate hepatic-like cell
and transformed Ito cell. A thick bundle of collagen fibers (C) exerts a pressure on
the cell from the outside, causing its focal narrowing; the electron-light cytoplasm
contains relatively well developed dark mitochondria and elements of endoplasmic
reticulum. Transformed Ito cell (>) adhering to intermediate hepatic-like cell
surrounded by collagen deposits (C); H: hepatocyte of the limiting plate of the
lobule. A: × 7000; B: × 12 000.
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Figure 2 In the field of massive periportal fibrosis, an intermediate hepatocyte-like
cell bigger than hepatic progenitor cell, with the electron-lighter cytoplasm and the
nucleus with low heterochromatin content and resembling the hepatocyte nucleus.
Cell organelles: a small number and poorly developed. C: collagen fiber bundles (×
7000).

Ultrastructural examination allowed us to distinguish
two types of oval cells:Ⅰ-hepatic progenitor cells (HPCs)
and Ⅱ-intermediate hepatocyte-like cells (IHCs). In
patients with S-4 fibrosis, intermediate bile duct-like cells
were found, but because of their sporadic occurrence they
are not discussed any further.
Hepatic progenitor cells were small (usually not
exceeding 5 microns) and oval or nearly oval in shape.
They had a large nucleus containing dense and highly
clumped heterochromatin, accumulated distinctly under the
nuclear envelope, and less abundant euchromatin (Figure
1). The cytoplasm was relatively scarce and slightly brighter
than in the surrounding hepatocytes. As a result, the
nucleus to the cytoplasm ratio was very high. The number
of cytoplasmic structures was very small and these were
only minimally differentiated (Figure 1). The cytoplasm
contained tonofilaments. Some of the progenitor cells had
intercellular junctions (point desmosomes), which helped
connect these cells to the adjacent fully mature hepatocytes
(Figure 1).
Intermediate hepatocyte-like cells varied in size, and
were twice as large as the hepatic progenitor cells, whereas
their diameter did not exceed one-half of the diameter of
the mature hepatocytes. The nuclei were less abundant in
heterochromatin compared to the progenitor cell nuclei,
and occasionally contained nucleoli (Figures 4A and B).
www.wjgnet.com

Figures 4 The distended perisinusoidal space of Disse shows an intermediate
hepatocyte-like cell with adhering Kupffer cell (K); the IHC nucleus has less
nuclear heterochromatin than the HPC nucleus and contains the nucleolus; the low
electron dense cytoplasm with a distinct structure that resembles a peroxysome
currently being formed (>) and with granular endoplasmic reticulum profiles. C: a
bundle of collagen fibers. A: × 7000; B: × 12 000.

Frequently, these nuclei resembled the nuclei of mature
hepatocytes.
The IHC cytoplasm showed much lower electron
density compared to that of HPCs and contained better
developed cell organelles, mainly mitochondria and
elements of the endoplasmic reticulum, in which channels
of the granular endoplasmic reticulum prevailed (Figures
2-4). The organelles accumulated in the vicinity of one
of the nuclear poles (ultrastructural polarization) or were
irregularly scattered throughout the cytoplasm. Among
the intracellular organelles, small structures were seen that
could correspond to newly formed peroxisomes (Figures
4A and B). Occasionally, the cells showed apical alterations
in the form of well developed or newly formed capillary
bile canaliculus.

DISCUSSION
Our study of the ultrastr ucture of liver specimens
obtained from children with chronic hepatitis B showed
the presence of small cells with an oval nucleus in the
parenchyma, especially in areas of intense periportal
fibrosis (at least stage 3 according to classification of Ishak
et al[27]).
These cells corresponded to two types of submicroscopic oval cells, previously described by Roskams et
al [22], i.e. the hepatic progenitor cells and intermediate
hepatocyte-like cells. Intermediate bile duct-like cells were
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seen sporadically, which may be related to the absence
of regenerative nodules that are characteristic of liver
cirrhosis.
In the vicinity of some intermediate hepatocytelike cells, especially those cells lying close to collagen
fiber bundles we observed activated nonparenchymal
hepatocytes-transfor med hepatic stellate cells, i.e.
transitional Ito-fibroblast/myofibroblasts and Kupffer
cells.
To the best of our knowledge, this is the first report
on the electron microscopic study of oval cells in children
with chronic viral infection of the liver associated with
pronounced hepatic fibrosis.
In the present study, the ultrastructural appearance of
the oval cells in children with chronic hepatitis B was very
similar to that observed by other authors in adult patients,
including those suffering from chronic viral hepatitis B
and hepatitis C[10,11,20,22], as well as in various experimental
models of liver damage[2,6,13,14,20]. These cells did not exhibit
any significant morphological specificity related to the type
and duration of liver damage and the patient’s age.
It is worth noting, that our results regarding the
location of oval cells are consistent with the observations
made with the light microscope by Fotiadu et al [7] in
chronic hepatitis B and chronic hepatitis C in adults. These
authors performed a semiquantitative evaluation of the
liver progenitor cells stained for cytokeratin 7, and found
an increase in the number of oval cells parallel to the grade
and stage of the disease in both types of hepatitis. These
workers suggested that the proliferating liver progenitor
cells may play a role in hepatic regeneration that occurs in
the setting of viral hepatitis[7].
Xiao et al [10,11] conducted some ver y interesting
ultrastructural and immunohistochemical studies on the
hepatic progenitor cells in liver cirrhosis. These researchers
found a small number of progenitor cells mainly at
the sites of intensive collagen fibrosis-on the margins
of regenerative nodules, across the fibrous span and
within the proliferating bile ductules. The cells exhibited
immunoreactivity to cytokeratin 7 and albumin[10,11].
In our pediatric patient population also, the oval cells,
both the hepatic progenitor cells and the intermediate
hepatocyte-like cells, were observed mainly in the areas of
intense liver fibrosis, i.e. at least in patients with stage S-2.
It is believed that the proliferation of oval cells,
their gradual migration in the organ and differentiation
into hepatocytes or cholangiocytes is controlled by the
nonparenchymal cells, especially the activated hepatic
stellate cells, and by a number of growth factors and
cytokines[1,19,28,29].
It should be mentioned that activated Ito cells, also
found in the vicinity of the oval cells in our study, assume
phenotypic features of fibroblasts by producing desmine,
alpha-actin and specific laminin chains and play a key role
in the morphogenesis of collagen fibroplasia[28,29].
On the other hand, in the course of chronic inflammatory diseases it is the oval cells that by synthesizing and
releasing numerous growth factors (transforming growth
factor alpha, transfor ming growth factor beta, acid
fibroblast growth factor, insulin-like growth factor, stem
cell factor) and cytokines may exert a significant effect
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on the environment and stimulate (especially through
the release of transforming growth factor beta) hepatic
extracellular matrix synthesis[4,19,20,31,32].
Finally, oval cells form a compartment of the so called
“cell reserve”, which are activated when the regenerative/
proliferative properties of hepatocytes are inhibited.
Therefore, some researchers treat these cells as a highly
effective “third” protective system, especially in relation to
the process of hepatocyte regeneration, which may open
the way to cell-based therapy for liver diseases[12,19].
In conclusion, our study shows that there is a substantial
correlation between the prevalence of oval hepatic
progenitor cells and intermediate hepatocyte-like cells, and
the stage of fibrosis in pediatric patients with chronic
hepatitis B. Since the activated nonparenchymal cells
were observed in the vicinity of the oval cells, it can be
assumed that an interaction between these cells, especially
between the transformed Ito cells, and the growth factors
and cytokines secreted by them may play an essential role
in the development of fibrosis in chronic hepatitis B. The
present ultrastructural study provides interesting material
for studies on the morphogenesis and differentiation of
oval cells, and fibrosis progression in chronic hepatitis B in
children.
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Abstract
AIM: To characterize the immune responses including
local and systemic immunity induced by infection with
H pylori , especially with CagA+ H pylori strains and the
underlying immunopathogenesis.
METHODS: A total of 711 patients with different gastric
lesions were recruited to determine the presence of H pylori
infection and cytotoxin associated protein A (CagA), the
presence of T helper (Th) cells and regulatory T (Treg)
cells in peripheral blood mononuclear cells (PBMCs),
expression of plasma cytokines, and RNA and protein
expression of IFN-γ and IL-4 in gastric biopsies and
14
PBMCs were determined by rapid urease test, urea [ C]
breath test, immunoblotting test, flow cytometry , real
time RT-PCR and immunohistochemistry.
RESULTS: Of the patients, 629 (88.47%) were infected
with H pylori ; 506 (71.16%) with CagA+ and 123
(17.30%) with CagA- strains. Among patients infected
with CagA+ H pylori strains, Th1-mediated cellular
immunity was associated with earlier stages of gastric
carcinogenesis, while Th2-mediated humoral immunity
dominated the advanced stages and was negatively
associated with an abundance of Treg cells. However,
there was no such tendency in Th1/Th2 polarization in
patients infected with CagA- H pylori strains and those
without H pylori infection.
CONCLUSION: Po l a r i z a t i o n o f T h c e l l i m m u n e
responses occurs in patients with CagA+ H pylori

infection, which is associated with the stage and severity
of gastric pathology during the progression of gastric
carcinogenesis. This finding provides further evidence
for a causal role of CagA+ H pylori infection in the
immunopathogenesis of gastric cancer.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
In 1994, epidemiological surveys by WHO showed that
more than half of the world’s population was infected with
H pylori and H pylori infection was closely related to chronic
gastritis, gastric ulcer and gastric adenocarcinoma. These
results led to the conclusion that H pylori is a first class risk
factor (a definite carcinogen) for gastric adenocarcinomas[1].
It has been generally accepted that H pylori infection is
involved in all stages of gastric carcinogenesis which
progresses from chronic gastritis (CG) to gastric atrophy
(GA), intestinal metaplasia (IM), dysplasia(DP) and
ultimately gastric cancer (GC)[2-4]. However, the functional
interaction of H pylori infection with distinct members
of the immune compartment, especially T cell immune
responses, in gastric carcinogenesis has not been fully
elucidated. T helper (Th) cells can be divided into two
subsets, Th1 cells and Th2 cells. Th1 cells mediate cellular
immunity mainly by producing interferon (IFN)-γ,
interleukin (IL)-2, IL-12, and tumor necrosis factor
(TNF)-β, while Th2 cells primarily mediate humoral
immunity by secreting IL-4, IL-5, IL-6, IL-10 and IL-13.
Previous studies have reported the differential expression
of cytokines between H pylori positive and H pylori
negative patients[5-7] or between gastritis and gastric cancer
patients[8]. However, these studies did not examine the
cellular role of H pylori infection in the immune responses
during the progression of gastric pathology. Under normal
homeostasis, the cytokines produced by one Th subset
reciprocally inhibit the development of the other to keep
www.wjgnet.com
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the balance of Th1 and Th2. Moreover, regulatory T
(Treg) cells, which are a low abundance cell subset, help
mediate the balance of Th1 and Th2, Treg cells inhibit
the proliferation of CD4+ CD25-T lymphocytes, CD8+
T lymphocytes, immune memory cells, and antigen
presenting cells (APCs) by recognizing inner and outer
antigens. These immune responses result in the decrease
of various cytokine secretion and the weakening of cellular
immune function in vitro. The aim of the present study
was to characterize the immune responses including local
and systemic immunity induced by infection with H pylori,
especially with CagA+ H pylori strains and the underlying
immunopathogenesis, by analyzing the populations of T
cells present in a range of progressive gastric pathologies
during gastric carcinogenesis.

MATERIALS AND METHODS
Patients
Candidates with gastric discomfort, who had an endoscopy
during October 2004 to May 2006, were recruited into
this study based upon three clinical screening tests for
H pylori infection. These tests were rapid urease test (RUT)
(Lizhu Company, Zhuhai, China) of gastric tissue, urea
[14C] breath test (UBT) (Syncor Medicine Company Ltd.,
Shanghai, China) and the immunoblotting test (Yuangu
company Ltd., Shanghai, China). The RUT and UBT tests
have been reported to have sensitivity of 80%-99% and
95%-99% and specificity of 92%-100% and 77%-99%,
respectively[9,10]. The immunoblotting test was designed to
detect four major antigens including vacuolating cytotoxin
(VacA, 95K), the cytotoxin associated protein A (CagA,
128K), urease A, urease B, and has been shown to be
high sensitive and specific[11]. Patients were considered
to be H pylori-positive when more than two tests were
positive and to be negative when all three tests were
negative, while those with two negative results were
excluded from this study. In addition, two gastric biopsies
taken from the antrum during the upper endoscopy
were used for histological examination, real-time reverse
transcriptase polymerase chain reaction (RT-PCR) and
immunohistochemistry. Histological examination was
performed by experienced pathologists who were blinded
to the patients’ clinical diagnosis according to the updated
Sydney system[11]. Patients with serious diseases or immune
diseases were excluded from the study. None of the
current study participants received surgery, radiotherapy,
chemotherapy, or any other medical interventions before
this study and all provided written informed consent after
consultation. All the protocols and patient inclusion and
exclusion criteria were approved by the Committee for
Human Use and Institutional Review Board of Nanjing
Medical University affiliated Nanjing first hospital for
human subject studies.
Detection of IFN-γ, IL-4 expression and Treg cells
Heparinized venous blood (5 mL) taken from each patient
was used to detect the expression of IFN-γ and IL-4. Treg
cells were identified with a FACSCalibur flow cytometer
(FCM, BDIS Biosciences, Franklin Lakes, USA). All
reagents for FCM were provided by Caltag laboratories
www.wjgnet.com
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(Burlingame CA, USA). Cells in the blood were stimulated
as described by Morita et al[12]. Briefly, heparinized venous
blood was incubated with a combination of 25 ng/mL
phorbol 12-myristate 13-acetate (PMA) (Sigma, Saint
Louis MO, USA) and 1 µg/mL of the calcium ionophore,
ionomycin (Sigma), for 5 h. After cells were cultured in
RPMI 1640 for 1 h, 10 µg/mL Brefeldin A (Sigma) was
added to enhance flow cytometric analysis of intracellular
cytokine staining. After stimulation, the cells were
incubated with peridinin chlorophyll (PerCP) mouse antihuman CD3 (CD3-PC) and fluorescein isothiocyanate
(FITC) mouse anti-human CD8 (CD8-FITC) for 15-20
min. After fixation and permeabilization, corresponding
antibodies [mouse IgG1-phycoer ythrin (PE), PE
conjugated mouse anti-human IFN-γ (IFN-γ-PE), Rat
IgG1-PE, PE-conjugated Rat anti-human IL-4 monoclonal
antibody (IL-4-PE)] were added and incubated for 15 min.
The cells were then detected by FCM. Data from at least
50 000 cells in one sample were acquired and analyzed
by Cell Quest software (BDIS Biosciences). As CD4
expression is known to be down-regulated after stimulation
with PMA [13], the CD4+ lymphocytes were analyzed
indirectly by gating the CD3+ CD8-lymphocytes. For the
detection of Treg cells, whole blood (100 µL) that was
incubated with 5� µL�����������
CD3-PC, 5 µL CD4-FITC, and 5 µL
mouse IgG1-PE for 15-20 min and was used as a control
tube, while whole blood (100 µL) that was incubated with
5 µL CD3-TC, 5 µL CD4-FITC and 5 µL CD25-PE,and
lysed with 2 mL red blood cell (RBC)-lysis buffer for 5-10
min was used as the detection tube. The precipitates were
analyzed by Cell Quest software of FCM.
Detection of cytokines in plasma by ELISA
Enzyme-linked immunosorbent assay (ELISA) kits for
quantitative detection of soluble human IL-4 and IFN-γ
were purchased from Bender MedsystemsTM (Vienna,
Austria), and of IL-2, 6, 10, and 12 from R&D Systems
Inc. (Minneapolis, USA). The assays were performed in
accordance with the manufacturers’ instructions.
Quantification of IFN-γ and IL-4 mRNA in PBMCs and
gastric biopsies by real-time RT-PCR
To analyze IFN-γ and IL-4 mRNA, total RNA was
extracted with TRIZOL Reagent (Invitrogen Life
Technologies, Carlsbad, CA, USA) from PBMCs and
gastric biopsy specimens according to the manufacturer’s
recommendations and then reverse transcribed into cDNA
by PTC-200 DNA Engine (Bio-Rad, Hercules, CA,USA).
PCR primers for human IFN-γ, IL-4 and β-action
were designed by Takara Biotechnolog y Company
(Dalian, China, Table 1). The amount of the PCR product
was monitored by the SYBR Premix Ex TaqTM (Takara
Biotechnology Company) on a Lightcycler system (Roche
Molecular Biochemicals, Indianapolis, USA). The PCR
mixture contained 20 µL reaction solution, 2.0 µL cDNA,
10 µL���2 ��
× ������������������
SYBR Premix Ex TaqTM and 250 nM of the
primer. PCR amplification was performed according to the
temperature profile: 95℃ for 10 s, followed by 45 cycles
of 95℃ for 5 s, annealing and extension at 62℃ for 25 s.
Data analysis was performed by the Light cycler software.
All data were normalized by β-actin. The up-or down-
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Table 1 Sequences of cDNA primers for human IFN-γ, IL-4
and β-actin
Target Sequences (5’→3’)
IFN-γ Forward:
CTTTAAAGATGACCAGAGCATCCAA
Reverse:
GGCGACAGTTCAGCCATCAC
IL-4
Forward:
GACTGTGCTCCGGCAGTTCTA
Reverse:
CCAACGTACTCTGGTTGGCTTC
β-actin Forward:
ATTGCCGACAGGATGCAGA
Reverse:
GAGTACTTGCGCTCAGGAGGA

Length of amplicon (bp)
189
(372-560 NM000619.2)

182
(589-770 NM000589)

89
(991-1079 CR609136.1)

regulation (F) of cytokines were calculated by the formula
F = 2-∆∆Ct[14].
Immunohistochemistry for the detection of IFN-γ and IL-4
in antral biopsies
Immunohistochemical staining was perfor med on
8-µm-thick frozen sections mounted on glass slides as
described previously[15]. Briefly, sections were fixed in 2%
paraformaldehyde, air dried, and frozen at -20℃ for at least
1 h. After permeabilization and blocking, the sections were
incubated with the cytokine-specific monoclonal antibodies
(MAbs) (Caltag Laboratories, South San Francisco, CA,
USA) at 4 ℃ overnight. They were then treated with
1% normal goat serum and subsequently incubated
with 1:300 biotinylated goat anti-mouse IgG1 (Caltag
Laboratories) and avidin-biotin horseradish peroxidase
complex (Vector Laboratories Inc. Burlingame, CA, USA).
The sections were developed with 3, 3-diaminobenzidine
(Vector Laboratories Inc.) and counterstained with
Mayer’s hematoxylin (Histolab, Goteborg, Sweden).
After dehydration, they were mounted with Mountex
(Histolab). The tissue sections were analyzed by PAS-9000
Pathological Report system (Logene- ⅠBiotech, Wuxi,
China). The positively stained mononuclear cells (MNCs)
and polymorphonuclear cells (PMNs) per high power were
counted. Only cells with a distinct cytoplasmic staining
were included. For each sample, numbers of IL-4 and
IFN-γ positive cells from 200 PMNs and MNCs were
counted from five randomly selected fields and averaged.
The positive rate was used to grade the expression
levels: negative: 0%; +: 1%-25%; ++: 26%-50%; +++:
51%-100%.
Statistical analysis
One-way analysis of variance (ANOVA) and Pearson
Correlation was performed to determine the difference
and association by using Statistical Product and Service
Solutions (SPSS, version 11.5, Chicago, IL, USA). P values
of less than 0.05 were considered statistically significant.

RESULTS
The prevalence of H pylori infection and CagA classification
Among 711 patients, 61 had normal gastric mucosa
(normal mucosa, NM), 268 suffered from CG, 114 from
GA, 104 from IM, 71 from dysplasia and 93 from GC
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(Table 2). Overall, 629 (88.47%) were infected with H pylori;
506 (71.16%) with CagA+ H pylori and 123 with CagAH pylori (Table 2). Following the progression of gastric
lesions, the prevalence of CagA+ H pylori infection in NM,
CG, GA, IM, DP and GC groups increased and the rate of
CagA+ H pylori was positively associated with the severity
of gastric pathologies (r = 0.896, P = 0.016), while the
prevalence of CagA-H pylori infection was not significantly
associated with the severity of gastric pathologies (r =
-0.794, P = 0.059).
Systemic immune response in patients with
CagA+ H pylori infection
Because the data of Th1/Th2 did not follow a Gaussian
distribution, analysis of variance (ANOVA) was performed
after the data were transferred by logarithm. As shown
in Figure 1, there was no significant difference in IFN-γ
among the different gastric pathologies, while there was
an increasing tendency of IL-4 expression (P = 0.022)
following the progression of gastric pathologies, leading
to a gradual decrease in Th1/Th2 ratio in CagA+ H pylori
infected patients. However, there was no such a tendency
both in patients with CagA- H pylori infection and those
without H pylori infection for both IFN-γ and IL-4,
indicating that there was no significant difference in Th1/
Th2 ratios in these patients. As for Treg cells, there was an
increasing trend according to the progression of gastric
pathologies, which was strongly correlated with CagA+
H pylori infection, but not with CagA- H pylori infection.
There was a significant negative association between Th1/
Th2 and the expression of Treg cells in gastric patients’
PBMCs in patients with CagA+ H pylori infection (r =
-0.321, P < 0.001), however, no such association was found
in patients with CagA- H pylori infection and those without
H pylori infection.
Following the progression of gastric pathologies
associated with CagA+ H pylori infection, the levels of
IL-2 and IL-12 gradually decreased, but the levels of
IL-6, IL-10 gradually increased, which indicated that there
were some changes in the patterns of cellular to humoral
immunity. However, there was no significant difference
for the key representative cytokines of Th1 and Th2 cells
in all the groups (IFN-γ and IL-4, respectively) (Table 3).
The patterns of six cytokines in the patients with CagAH pylori infection and those without H pylori infection were
similar to that in CagA+ H pylori infected patients (Tables
4 and 5), indicating there was no correlation between H pylori
infection and cytokine levels.
Following the progression of the CagA+ H pylori
associated gastric pathologies, the expression of IFN-γ
mRNA showed a decreasing tendency (P = 0.006) while
the expression of IL-4 mRNA increased (P = 0.006)
(Figure 2). To check the specificity of the experiment,
the molecular weight of the amplicon was confirmed by
agarose gel electrophoresis (Figure 3). The expression
of IFN-γ mRNA was significantly higher in CG than
in IM, DP, GC (P < 0.001, P < 0.001, and P < 0.001,
respectively), and was significantly higher in the GA than in
DP and GC groups (P < 0.001, and P < 0.001), but there
was no significant difference in the expression among the
IM, DP and GC. On the contrary, the expression of IL-4
mRNA was significantly lower in CG than in IM, DP, and
www.wjgnet.com
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Table 2 The prevalence of H pylori infection and CagA classification

Pathological diagnosis
Normal mucosa (n = 61)
Chronic gastritis (n = 268)
Gastric atrophy (n = 114)
Intestinal metaplasia (n = 104)
Dysplasia (n = 71)
Gastric cancer (n = 93)
Total (n = 711)

Age

H pylori positive

Male

Female

(yr, mean ± SD) Overall (%)

CagA+ (%)

CagA- (%)

31
121
73
47
45
70
387

30
147
41
57
26
23
324

44.62 ± 12.41
44.53 ± 14.37
51.60 ± 12.39
50.69 ± 12.81
54.23 ± 12.25
64.70 ± 11.33
50.18 ± 14.65

37 (60.65)
170 (63.43)
88 (77.19)
80 (76.92)
57 (80.28)
74 (79.57)
506 (71.16)

11 (18.03)
62 (23.13)
16 (14.03)
15 (14.42)
8 (11.26)
11 (11.83)
123 (17.30)

Gender

48 (78.69)
232 (86.57)
104 (91.23)
95 (91.35)
65 (91.55)
85 (91.40)
629 (88.47)

H pylori negative
13 (21.31)
36 (13.43)
10 (8.77)
9 (8.65)
6 (8.45)
8 (8.60)
82 (11.53)

The prevalence of CagA+ H pylori was significantly associated with the progression of gastric pathology (r = 0.896, P = 0.016).

Expression percentage (%)

A

but there was no significant difference in the expression
between DP and GC. In patients with CagA- H pylori
infection and those without H pylori infection, there was
no significant difference in the expression of IFN-γ and
IL-4 mRNAs along the progression of gastric pathologies
(Figure 2).
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Figure 1 Expression of peripheral blood Th1, Th2 and Th1/Th2 ratio (A) and
Treg cells (B) in patients with CagA+ and CagA- H pylori infection and in those
without H pylori infection (Hp-) as determined by FCM. In CagA+ H pylori infected
subjects, there is no significant difference in the percentage of Th1 cells in all
groups, while the percentage of Th2 cells increases along the progression of
gastric pathology, with significant difference between gastric cancer (GC) and
chronic gastritis (CG) (P < 0.001), gastric atrophy (GA) (P < 0.001), and intestinal
metaplasia (IM) (P < 0.001), respectively. There is a significant difference in the
Th1/Th2 ratio between CG and dyspepsia (DP), GC (P = 0.033, P < 0.001), and
between GA and GC (P < 0.001) (A). Treg cell expression increases along the
progression with significant difference between CG and IM, DP, and GC (P < 0.001,
P < 0.001, and P < 0.001, respectively), between GA and DP, and GC (P = 0.002,
and P < 0.001, respectively), and between IM and GC (P = 0.012) (B). There is no
difference in the expression of Th1, Th2, Treg cells and Th1/Th2 ratio between the
subjects with CagA- H pylori infection and those without H pylori infection among
all the groups.

GC (P < 0.001, P < 0.001, and P < 0.001, respectively),
and in GA than in DP and GC (P < 0.001 and P < 0.001),
www.wjgnet.com

Local immune response in patients with CagA+ H pylori
infection
As shown in Figure 2, the expression of IFN-γ mRNA in
gastric biopsies of patients with CagA+ H pylori infection
decreased gradually along the progression of gastric
pathologies from CG to GC; there was a significant
difference in the expression of IFN-γ mRNA between
CG and DP, GC (P = 0.013, P = 0.001), between GA
and DP, GC (P = 0.043, P = 0.004). However, the gastric
expression of IFN-γ mRNA was constant from CG to
GC in patients with CagA- H pylori infection and those
without H pylori infection. On the contrary, there was an
increase in gastric IL-4 mRNA expression in patients with
CagA+ H pylori infection along the progression of gastric
pathologies from CG to GC (P = 0.004). The expression
of IL-4 mRNA was significantly lower in CG and GA
than in IM, DP and GC. However, the gastric IL-4 mRNA
in patients with CagA- H pylori infection and those without
H pylori infection was expressed at low levels and remained
constant in all the gastric pathologies.
Those results indicated that IFN-γ mRNA expression
showed a decreasing tendency while the IL-4 mRNA
expression showed an increasing tendency following the
progression of the CagA+ H pylori associated pathologies.
Pearson correlation analysis indicated that there was a
significant positive correlation in IFN-γ mRNA expression
(r = 0.201, P < 0.001), and IL-4 mRNA expression (r =
0.212, P < 0.001) between gastric biopsy and PBMCs.
Compared with the expression of IFN-γ mRNA and IL-4
mRNA in PBMCs, changes in the biopsy specimens were
more conspicuous, especially in IM, DP and GC (Figure 2).
As shown in Figure 4A, gastric IFN-γ expression
from CG to GC in patients with CagA+ H pylori infection
showed a decreasing tendency with the percentage of
cases with IFN-γ expression of “+++” decreasing from
45.9% in CG patients to 18.9% in GC patients. IFN-γ
expression with “+++” predominated in CG, while
the percentage of cases with IFN-γ expression with
“+” increased significantly in GC. On the other hand,
the percentage of cases with IL-4 expression with “+”
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Table 3 Plasma cytokine contents in patients with CagA+ H pylori infection (mean ± SE, pg/mL)
Pathological diagnosis
Normal mucosa (NM, n = 37)
Chronic gastritis (CG, n = 170)
Gastric atrophy (GA, n = 88)
Intestinal metaplasia (IM, n = 80)
Dysplasia (DP, n = 57)
Gastric cancer (GC, n = 74)

IFN-γ
27.46 ± 1.05
28.94 ± 0.59
30.48 ± 0.75
31.71 ± 1.02
30.14 ± 1.04
31.00 ± 0.84

IL-4
10.86 ± 0.62
11.22 ± 0.45
11.23 ± 0.33
12.08 ± 0.59
10.92 ± 0.39
11.03 ± 0.29

IL-12
81.42 ± 1.89
72.49 ± 0.93
53.29 ± 0.79
52.18 ± 0.94
43.30 ± 1.10
39.10 ± 0.89

IL-10
66.92 ± 2.15
80.65 ± 0.99
100.80 ± 1.69
104.18 ± 1.90
157.72 ± 2.64
196.65 ± 1.83

IL-6
47.96 ± 1.99
63.40 ± 1.57
94.10 ± 2.57
112.03 ± 2.64
156.74 ± 3.66
159.32 ± 2.57

IL-2
54.17 ± 1.09
45.95 ± 0.49
39.61 ± 0.69
34.07 ± 0.54
32.71 ± 0.81
28.39 ± 0.65

There was no difference in the expression of IFN-γ and IL-4 in the plasma of CagA+ H pylori subjects among all the groups. There were significant differences for
IL-12 among all the groups except between GA and IM (P = 1.000), DP and GC (P = 0.237). There were significant differences for IL-10 between all groups except
between GA and IM (P = 1.000). For IL-6, there were significant differences among all the groups except between DP and GC (P = 1.000). For IL-2, there were
significant differences among all the groups except between IM and GA, DP (P = 1.000, P = 1.000).

Table 4 Plasma cytokine contents in patients with CagA- H pylori infection (mean ± SE, pg/mL)
Pathological diagnosis
Normal mucosa (NM, n = 11)
Chronic gastritis (CG, n = 62)
Gastric atrophy (GA, n = 16)
Intestinal metaplasia (IM, n = 15)
Dysplasia (DP, n = 8)
Gastric cancer (GC, n = 11)

IFN-γ
29.28 ± 0.54
29.19 ± 1.18
30.25 ± 2.01
28.91 ± 2.23
31.08 ± 2.19
28.06 ± 2.45

IL-4
11.07 ± 0.89
10.89 ± 0.27
10.67 ± 0.67
11.08 ± 0.74
11.01 ± 1.27
12.07 ± 0.91

IL-12
82.17 ± 4.59
64.59 ± 3.10
49.67 ± 3.28
48.19 ± 2.99
42.64 ± 5.49
38.97 ± 3.29

IL-10
67.29 ± 3.26
80.25 ± 1.87
91.28 ± 3.19
98.11 ± 4.08
157.09 ± 6.81
185.29 ± 9.38

IL-6
48.37 ± 4.01
57.99 ± 2.61
92.56 ± 5.79
98.20 ± 5.92
147.65 ± 6.89
154.68 ± 6.78

IL-2
54.11 ± 2.87
53.14 ± 1.25
42.33 ± 2.32
40.98 ± 2.38
34.79 ± 3.05
30.29 ± 2.11

There was no difference in the expression of IFN-γ and IL-4 in plasma of subjects with CagA- H pylori infection among all the groups (Pall > 0.05). For IL-12, there
were significant differences between CG and GA, IM, DP, and GC (P < 0.05, P < 0.05, P < 0.05, P < 0.001). For IL-10, there were significant differences between all
the groups except between GA and CG and IM (Pall > 0.05). For IL-6, there were significant differences among all the groups except between GA and IM (P = 1.000)
and DP and GC (P = 1.000). For IL-2, there were significant differences between CG and GA, IM, DP, and GC (Pall < 0.001) and between IM and GC (P < 0.05).

Table 5 Plasma cytokine contents in patients without H pylori infection (mean ± SE, pg/mL)
Pathological diagnosis
Normal mucosa (NM, n = 13)
Chronic gastritis (CG, n = 36)
Gastric atrophy (GA, n = 10)
Intestinal metaplasia (IM, n = 9)
Dysplasia (DP, n = 8)
Gastric cancer (GC, n = 6)

IFN-γ
31.83 ± 0.17
29.10 ± 1.27
29.06 ± 1.93
28.57 ± 2.72
31.59 ± 1.29
27.04 ± 2.30

IL-4
10.57 ± 0.68
10.37 ± 0.30
10.49 ± 0.58
11.75 ± 0.61
11.46 ± 0.58
11.91 ± 1.26

IL-12
80.84 ± 4.81
68.57 ± 2.43
51.14 ± 3.47
50.97 ± 1.54
43.10 ± 5.02
40.06 ± 2.08

IL-10
68.56 ± 3.87
79.03 ± 1.64
90.94 ± 3.63
97.60 ± 3.53
153.34 ± 6.12
181.36 ± 9.02

IL-6
49.53 ± 3.94
57.66 ± 2.56
91.08 ± 6.11
96.35 ± 5.19
149.92 ± 6.23
153.04 ± 6.63

IL-2
53.13 ± 1.48
52.54 ± 1.41
41.39 ± 2.18
41.54 ± 0.99
35.00 ± 2.04
30.95 ± 1.91

There was no difference in the expression of IFN-γ and IL-4 in plasma of subjects without H pylori infection among all the groups (Pall > 0.05). For IL-12, there were
significant differences between CG and GA, IM, DP, and GC (P = 0.006, P = 0.009, P = 0.001, P < 0.001). For IL-10, there were significant differences between all the
groups except between GA and CG and IM (P = 0.219, P = 1.000). For IL-6, there were significant differences among all the groups except between GA and IM (P =
1.000) and DP and GC (P = 1.000). For IL-2, there were significant differences between CG and GA, IM, DP, and GC (Pall < 0.001) and between IM and GC (P = 0.037).

decreased gradually from 68.2% in CG patients to 35.1%
in GC patients, but the rate of IL-4 expression with “+++”
increased gradually from 0% in CG patients to 28.4% in
GC patients. In patients with CagA- H pylori infection and
those without H pylori infection, there was no difference
between IFN-γ and IL-4 expression among the different
gastric pathologies; IFN-γ expression with “++” was
always dominant, while IL-4 expression with “+” was
always dominant (Figure 4B and C). The representative
immunohistochemistry staining results in the gastric
biopsies of with CagA+, CagA- H pylori infected patients
and uninfected patients with different gastric pathologies
are shown in Figure 5A-C.

DISCUSSION
H pylori is a small, curved, highly motile, Gram-negative
bacterium that colonizes the epithelium of the human

stomach. Previous studies have shown that H pylori
infection is associated with the development of chronic
gastritis and gastric cancer[3,4,16] Several factors including
virulence among different H pylori strains have been
attributed to the diversity in clinical outcome[17]. Until
now, very few papers have reported the prevalence of H
pylori infection in China, especially the subtypes of the
organism[18,19]. Our study showed that the prevalence of H
pylori infection in our outpatients is 88.47% (629/711) and
the majority (80.45%, 506/629) of the infected subjects is
infected with CagA+ H pylori. This confirms that CagA+
H pylori infected subjects are predominant in the Chinese
H pylori-infected population[19]. Moreover, we observed
that the subtypes of H pylori infection may play different
role in the progression of gastric carcinogenesis; CagA+
H pylori infection was positively associated with the severity
of gastric pathologies, especially gastric cancer, whereas
CagA- H pylori infection was not associated with the
www.wjgnet.com
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Figure 3 A representative of real time RT-PCR for IFN-γ and IL-4 mRNA
expression in PBMCs by agarose gel electrophoresis. Using the real time PCR
products to run agarose gel electrophoresis is to confirm the size of every
fragment. M: DNA marker, and the molecular weight of IL-4, IFN-γ and β-actin was
189 bp, 182 bp and 89 bp, respectively.
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Figure 2 The relative expression of IFN-γ (A) and IL-4 (B) mRNA in peripheral
blood mononuclear cells (PBMCs) and gastric biopsies in patients with CagA+ and
CagA- H pylori infection and those without H pylori infection as determined by real
time RT-PCR. The relative expression of IFN-γ mRNA decreases from CG to GC,
while the relative expression of IL-4 mRNA increases from chronic gastritis (CG) to
gastric cancer (GC) in PBMCs and biopsies of CagA+ H pylori infected subjects.
However, the magnitudes of relative expression of IFN-γ mRNA and IL-4 mRNA in
biopsies are obviously larger than those in PBMCs. There is no difference in the
expression of IFN-γ and IL-4 mRNA in PBMCs and local biopsies of subjects with
CagA- H pylori infection and of those without H pylori infection.

severity of gastric pathologies.
Previous epidemiological studies have demonstrated
that severe clinical manifestations do not frequently occur
in most individuals with H pylori infection and the different
clinical manifestations caused by this bacterium could
be a consequence of interactions among microorganism
characteristics, environmental influences, and the host
immune response[20-22]. In the present study, 711 patients
with different gastric pathologies were recruited to
explore the interaction between bacterial virulence and
host immune responses including systemic immunity and
local immunity. We observed that in patients with CagA+
H pylori infection, the expression of IFN-γ remained
unchanged, while IL-4 increased gradually in PBMCs
during the progression of gastric pathologies, resulting
in decreases of Th1/Th2 ratios, which was negatively
correlated to the increased expression of Treg cells.
During the development of gastric pathologies, IFN-γ
mRNA expression gradually decreased, while IL-4 mRNA
expression gradually increased, which was consistent
with Th1/Th2 results in PBMCs. In addition, IL-2 and
IL-12 protein expression decreased gradually while IL-6
and IL-10 increased gradually following the progression
of gastric pathologies, although IFN-γ and IL-4, the
representative cytokines of Th1 and Th2 cells, did not
www.wjgnet.com

change. However, the ratios of Th1/Th2 in patients
with CagA- H pylori infection and those without H pylori
infection remained unchanged at both the cellular level and
the mRNA level. Therefore, we postulate, based on our
observations, that following the progression of the gastric
pathologies, Th1 cells change slightly but Th2 cells are
gradually increased, resulting in a gradual decrease in the
ratio of Th1/Th2. Indeed, our systemic immunity analysis
demonstrated that there was a shift from Th1 response to
Th2 response during the progression of CagA+ H pylori
infection associated gastric pathologies. However, it is
noticed that IFN-γ and IL-4 expression in the plasma did
not show any tendency of the Th1/Th2 shift, which may
be due the fact that the levels of cytokines in plasma are
affected by many factors other than H pylori infection[23,24],
which may also explain the observation that IFN-γ and
IL-4 expression were similar among patients with CagA+,
or CagA- H pylori infection and those without H pylori
infection.
Real-time RT-PCR and immunohistochemistry analysis
were employed in the preset study to compare the local
immunity of H pylori infected subjects, including mRNAs
and protein expression of IFN-γ and IL-4 in gastric
mucosa of patients with H pylori infection, with that in
patients without H pylori infection. We observed that
IFN-γ mRNA expression decreased gradually, while IL-4
mRNA expression increased during the development of
gastric pathologies and the changing magnitude of IFN-γ
mRNA and IL-4 mRNA expression in gastric mucosa were
more obvious than those in PBMCs. Moreover, during the
progression of gastric pathologies associated with CagA+
H pylori infection, IFN-γ expression primarily decreased
from grade “+++” in CG patients to grade “+” in GC
patients, whereas IL-4 expression increased from “+” in
CG patients to “+++” in GC patients. On the contrary, in
patients with CagA- H pylori infection and those without
H pylori infection, IFN-γ and IL-4 expression remained
unchanged during the progression of gastric pathologies;
IFN-γ expression remained with grade “++” and IL-4
expression with grade “+”. These findings demonstrate
that there is a shift from Th1 mediated immune response
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Figure 4 Local immunity responses in patients with CagA+ (A) , CagA- H
pylori (B) infection and those without H pylori infection (C) as determined by
immunohistochemistry. Numbers of IFN-γ and IL-4 positive cells from 200
polymorphonuclear cells (PMNs) and mononuclear cells (MNCs) were counted
from five randomly chosen fields and averaged. The positive rate was used
to grade the expression levels: negative: 0%; +: 1%-25%; ++ 26%-50%; +++,
51%-100%. A: IFN-γ expression with “+++” predominates in chronic gastritis (CG),
while IFN-γ expression with “+” becomes the majority when the disease develops
to gastric cancer (GC). On the contrary, IL-4 expression with “+” decreases
gradually when the disease develops from CG to GC, but the rate of IL-4
expression with “+++” increases gradually following the progression; B: Following
the progression of gastric lesions, there was no difference of IFN-γ and IL-4
expression in that the former was always with “++”, while the latter was always
with “+” in all the groups; C: Following the progression of gastric lesions, IFN-γ
expression with “++” were at all dominant, while IL-4 expression with “+” was in the
main in all the groups.

to Th2 mediated immune response within gastric mucosa
during the progression of CagA+ H pylori infection
associated gastric carcinogenesis, which is more significant
than the Th1/Th2 shift in the systemic immunity.
In conclusion, there is a shift from Th1 mediated
cellular immunity to Th2 mediated hormonal immunity
in the immune response during the progression of gastric
carcinogenesis in patients with CagA+ H pylori infection,
which is negatively associated with the expression of
Treg cells. Moreover, among the immune responses
associated with CagA+ H pylori infection, local immunity is
predominant over systemic immunity and the polarization
of Th cells mediated immune response is associated with
the chronicity and progression of gastric pathologies,
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Figure 5 Representatives of immunohistochemistry staining for IFN-γ and IL-4
in gastric biopsies of CagA+ H. pylori (A), CagA- H pylori (B) and those without
H pylori infected patients(C) with normal gastric mucosa or with different gastric
pathologies (DAB, ×200, Arrowhead shows the representative positive cells, which
are stained brown). A1, B1, C1, D1, E1 and F1 represent IFN-γ expression in normal
mucosa (NM), chronic gastritis (CG), gastric atrophy (GA), intestinal metaplasia
(IM) and gastric cancer (GC), respectively, and A2, B2, C2, D2, E2 and F2 represent
IL-4 expression in NM, CG,GA,IM, DP AND GC, respectively. A: The rates of
IFN-γ+ cells are great in the CG, GA, and IM groups relative to the DP and GC
groups. Additionally, the rates of IL-4+ cells are less in the NC and CG groups,
but increased along the progression; B: The rates of IFN-γ+ cells and IL-4+ cells
were constant in all the groups, and IFN-γ expression with “++” was dominant,
while IL-4 expression with “+” was in the majority of all the groups; C: The rates of
IFN-γ+ cells and IL-4+ cells were constant in all the groups, and IFN-γ expression
with “++” was dominant, while IL-4 expression with “+” was in the majority of all the
groups.

especially gastric cancer. These findings provide clinical
evidence for exploring the immunopathogenesis of gastric
cancer associated with CagA+ H pylori infection.

COMMENTS
Background

Studies have shown that H pylori infection is involved in all stages of gastric
carcinogenesis which progresses from chronic gastritis to gastric atrophy, intestinal
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metaplasia, dysplasia and gastric cancer. However, the functional interaction of H
pylori infection with immune components, especially T cell immune responses, has
not been fully elucidated.

Research frontiers

Previous studies have reported the differential expression of cytokines between
H pylori positive and H pylori negative patients or between gastritis and gastric
cancer patients, but these studies did not examine the cellular role of H pylori,
especially CagA+ H pylori, infection in the immune responses during the
progression of gastric pathology.

Innovations and breakthroughs

Among patients infected with CagA+ H pylori infected, Th1-mediated cellular
immunity was associated with earlier stages of gastric carcinogenesis, while Th2mediated humoral immunity dominated the advanced stages and was negatively
associated with an abundance of Treg cells. However, there was no such tendency
in Th1/Th2 polarization in patients infected with CagA- H pylori strains and those
without H pylori infection.

Applications

Polarization of Th cell immune responses occurs in patients with CagA+ H pylori
infection, which is associated with the stage and severity of gastric pathology
during the progression of gastric carcinogenesis, will provide further evidence for
a causal role of CagA+ H pylori infection in the immunopathogenesis of gastric
cancer.

Terminology

Immune response: Actions of the body’s immune system that come into play
to control infection or disease; T helper cells: can be divided into two subsets,
Th1 cells and Th2 cells. Th1 cells mediate cellular immunity mainly by producing
interferon (IFN)-γ, interleukin (IL)-2, IL-12, and tumor necrosis factor (TNF)-β,
while Th2 cells primarily mediate humoral immunity by secreting IL-4, IL-5, IL-6,
IL-10 and IL-13; regulatory T cells: a low abundance cell subset, help mediate
the balance of Th1 and Th2, Treg cells inhibit the proliferation of CD4 + CD25-T
lymphocytes, CD8 + T lymphocytes, immune memory cells, and antigen presenting
cells (APCs) by recognizing inner and outer antigens; Immunopathogenesis:
the process of development of a disease in which an immune response or the
products of an immune reaction are involved.

Peer review

This is an excellent work that I think has to be accepted as it is. It is well written,
well done and reaches original findings.
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those in the AP group. Histologically, pancreatic and lung
damage was less severe following leptin administration.
CONCLUSION: Exogenous leptin attenuates inflammatory changes, and reduces pro-inflammatory cytokines,
nitric oxide levels, and CD40 expression in ceruleininduced AP and may be protective in AP associated ALI.
© 2007 The WJG Press. All rights reserved.
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Abstract
AIM: To determine the effect of exogenous leptin
on acute lung injury (ALI) in cerulein-induced acute
pancreatitis (AP).
METHODS: Forty-eight rats were randomly divided
into 3 groups. AP was induced by intraperitoneal
(i.p.) injection of cerulein (50 µg/kg) four times, at
1 h intervals. The rats received a single i.p. injection
of 10 µg/kg leptin (leptin group) or 2 mL saline (AP
group) after cerulein injections. In the sham group,
animals were given a single i.p. injection of 2 mL saline.
Experimental samples were collected for biochemical
and histological evaluations at 24 h and 48 h after the
induction of AP or saline administration. Blood samples
were obtained for the determination of amylase,
lipase, tumor necrosis factor (TNF)-a, interleukin (IL)1b, macrophage inflammatory peptide (MIP)-2 and
soluble intercellular adhesion molecule (sICAM)-1 levels,
while pancreatic and lung tissues were removed for
myeloperoxidase (MPO) activity, nitric oxide (NOx) level,
CD40 expression and histological evaluation.
RESULTS: C e r u lein injection caused severe AP,
confirmed by an increase in serum amylase and lipase
levels, histopathological findings of severe AP, and
pancreatic MPO activity, compared to the values obtained
in the sham group. In the leptin group, serum levels
of MIP-2, sICMA-1, TNF-a, and IL-1b, pancreatic MPO
activity, CD40 expression in pancreas and lung tissues,
and NOx level in the lung tissue were lower compared to
www.wjgnet.com

INTRODUCTION
Acute pancreatitis (AP) is a non-infectious inflammatory
reaction of the pancreas, associated with autodigestion
of the organ [1] . Lung injur y is the most important
manifestation of extra abdominal organ dysfunction in
acute pancreatitis[2]. Approximately one-third of patients
develop acute lung injury (ALI), and acute respiratory
distress syndrome (ARDS) accounts for 60% of all deaths
in the first week [3]. Apart from mechanical ventilatory
support, few therapies have shown any clinical benefit.
New agents such as anti-cytokines and anti-nuclear factor
kappa are still being evaluated in experimental models
of pancreatitis [1,4]. ALI is characterized by an increase
in pulmonary microvascular permeability, with proteinrich transudate spilling into the alveolar spaces, resulting
in decreased lung compliance. Such physicochemical
alterations are mediated by the local release of cytotoxic
and vasoactive substances. Recent studies have shown
that cytokines and adhesion molecules such as tumor
necrosis factor- α (TNF- α ), interleukin-1 (IL-1),
macrophage inflammatory peptide-2 (MIP-2), intercellular
adhesion molecule-1 (ICAM-1) and CD40 (50-kDa
protein expressed on the membranes of B lymphocytes,
monocytes, dendritic cells, and biliary epithelial cells) as
well as neutrophil activation and adhesion contribute to
the development and severity of AP and ALI[2,5-7].
Le ptin is a pe ptide hor mone that is produced
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predominantly by white adipose cells [8] . The mature
protein, encoded by the obese (ob) gene, is localized on
human chromosome 7 and mouse chromosome 6[9]. In
addition to metabolic and endocrine functions, leptin
also plays a regulatory role in hematopoiesis, immunity
and inflammation [10,11] . Alterations in immune and
inflammatory responses are present in leptin or leptinreceptor-deficient animals, as well as during starvation
and malnutrition. Both conditions are characterized by
low levels of circulating leptin. Leptin is believed to
play a role in immune function, as it is a member of the
helical cytokine family with a structure resembling the
hematopoietic cytokines IL-2, IL-6 and IL-15[10]. The leptin
receptors (Ob-R) show amino acid sequence homology to
hematopoietic (class 1) cytokine receptors[12]. Besides fat
tissues, Ob-R is also present in other tissues such as liver,
pancreas, lung, and kidney[13]. Leptin exerts proliferative
and anti-apoptotic activity in a variety of cell types
including T lymphocytes, leukemia cells, and hematopoietic
progenitors. It also affects cytokine production, the
activation of monocytes/macrophages, wound healing and
angiogenesis. Moreover, leptin production increases acutely
during infection, inflammation, and pancreatitis [10,14].
Recent studies have demonstrated that AP in rats and
humans is accompanied by an increase in plasma levels of
leptin[15,16]. Furthermore, the elevation of leptin mRNA
expression in the pancreas during AP suggests that the
increased level of this hormone in serum originates from
the pancreas[16]. Another study showed that exogenous
leptin administration was associated with a reduction in
the severity of AP, presumably through a decrease in the
production of plasma pro-inflammatory cytokines and
NO[17]. Whether exogenous leptin has any effect on APassociated lung injury remains unclear, however, its antiinflammatory and anti-apoptotic actions would suggest
that it may reduce the occurrence of extra-abdominal
organ dysfunctions such as ALI. In the present study, we
examined the effects of exogenous leptin on lung injury in
a cerulein model of AP.

MATERIALS AND METHODS
Experimental animal models and Study groups
Forty eight female Wistar rats weighing 230-260 g were
used in the study. The experiments were performed
in accordance with the National Institute of Health
Guidelines for the Care and Use of Laboratory Animals,
and was approved by the Committee for Research
and Animal Ethics of Gazi University. The rats were
maintained at 23℃ in a 12 h light dark cycle, with free
access to water and standard rat chow. Prior to the start
of the experiments, the rats were deprived of food
while drinking water was available ad libitum. Three
experimental groups were established: sham group (n
= 16), acute pancreatitis (AP) group (n = 16) and leptin
group (n = 16). AP was induced by intraperitoneal (i.p.)
injection of cerulein (Sigma-Aldrich Chemical, Steinheim,
Germany) diluted in saline and administered at the dose
of 50 µg/kg, four times, at 1h intervals[18]. At the end of
cerulein injections the rats were given 2 mL i.p. saline in
the AP group. The leptin group, received leptin (mouse
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recombinant leptin, Sigma, Saint-Louis, Missouri, USA)
at a dose of 10 µg/kg i.p. dissolved in 1 mL of saline
followed by cerulein injections. The sham group was
injected with 2 mL 0.9% NaCl solution i.p. All groups
were randomly subdivided into 24 h and 48 h groups, each
group containing 8 rats. Frossard et al[2] have demonstrated
that administration of supramaximal dose of cerulein to
rats led to AP associated ALI; the severity of ALI was
time-dependent, with maximal injury occurring at 24 h and
48 h after the start of cerulein injections. Therefore, in our
study, the animals were sacrificed at 24 h and 48 h after the
cerulein or saline administration.
Following cessation of treatment, animals were
anesthetized by an intramuscular injection of 40 mg/kg
ketamine (Ketalar ®, Parke Davis, Eczacıbasi, Istanbul,
Turkey) and 5 mg/kg xylazine (Rompum ®, Bayer AG,
Leverkusen, Germany). The abdominal and thoracic
cavities were opened and blood, pancreatic and lung
samples were obtained. The blood samples were stored at
-80℃ for biochemical analysis, which was run in duplicates.
Random cross-sections of the pancreatic head, body and
tail, and of the right lung were fixed in a 40 g/L solution
of formaldehyde, in 0.1 mol/L phosphate-buffed saline
(pH 7.4), and embedded in paraffin. Samples of pancreas
and lung tissues were stored at -70℃ for subsequent
biochemical measurements.
Serum amylase and lipase measurements
Ser um amylase and lipase were deter mined with a
Beckman Coulter LX-20® System analyzer (Fullerton, CA,
USA) using Beckman kits (Fullerton, CA, USA), according
to the supplier’s specifications.
Serum TNF-α , IL-1β , MIP-2 and Soluble
ICAM-1 measurements
Ser um levels of TNF- α , IL-1 β , MIP-2 (Biosource
International, Camarillo, CA, USA) and soluble ICAM-1
(sICAM-1, Quantikine, R&D Systems, MN, USA) were
determined by using a commercially available enzymelinked immunosorbent assay (ELISA). TNF- α , IL-1 b ,
MIP-2 and sICAM-1 levels were determined from a
standard curve for the combination of these cytokines.
The concentrations were expressed as pg/mL.
Measurement of tissue myeloperoxidase activity
Pancreas and lung tissues were homogenized in TRIS
buffer. Sequestration of neutrophils within the pancreas
and lung was evaluated by quantitation of tissue
myeloperoxidase (MPO) activity by the ELISA method
(Hbt Hycult Mouse MPO ELISA kit, Uden, Netherlands).
Measurement of NOx level
Total nitrate/nitrite (NOx) concentration was measured in
a simple two-step process by using the Cayman Chemical
NOx Assay Kit. The first step was the conversion of
nitrate to nitrite, utilizing nitrate reductase. The second
step was the addition of the Griess reagents, which
converted nitrite into a deep-purple azo-compound.
Photometric measurement of the absorbance due to
this azo-chromophore accurately determined nitrite
www.wjgnet.com
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Figure 1 Effects of leptin treatment on survival rate. (aP < 0.001 vs sham group,
c
P < 0.05 vs AP group).

concentration. Concentrations were expressed as nmol/mg
protein[19].
Histological examination
Sections of the pancreas and lung (4 µ m thick) were
stained with hematoxylin-eosin (HE) and examined with a
light microscope as described previously[20,21].
Immunohistochemical assessment of CD40
Specimens were fixed in a 40 g/L solution of
formaldehyde in 0.1 mol/L phosphate-buffed saline (pH
7.4), and embedded in paraffin wax from which four-mmthick sections were taken on a slide coated with poly-Llysine in order to be de-waxed for immunohistochemical
assessment. The specimens were treated with 3% hydrogen
peroxidase, following 10 min of endogenous peroxidase
blockage. Antigen retrieval was performed with EDTA.
The samples were incubated at room temperature for 45
min, with a 1:50 dilution of anti-CD40 primary antibody
(clone: 3/23, Santa Cruz Biotechnology, Santa Cruz,
CA, USA). Following the processing of the samples
with a streptavidin biotin peroxidase complex, 3-amino9-ethylcarbazole was applied as a chromogen, and
hematoxylin was used for floor staining. CD40 is expressed
on the surface of B lymphocytes. Tonsil tissue was used
as a positive control since the tonsils are lymphoid organs
where B lymphocytes are commonly present in the
lymphoid follicles[22]. CD40 staining was graded from 0 to 4;
the number of cells which revealed CD40-positive staining
obtained from five × 400 magnified fields was divided by
the total cell number. According to these observations, less
than 50% of the stained cell population was considered
focally stained, and more than 50% of the stained cell
population was considered diffusely stained. Grade 0:
no staining; grade 1: slight cytoplasmic or membranous
staining in < 50% of the cell population (focal); grade 2:
slight cytoplasmic or membranous staining in > 50% of
the cell population (diffuse); grade 3: strong cytoplasmic
or membranous staining in < 50% of the cell population
(focal); grade 4: strong cytoplasmic or membranous
staining in > 50% of the cell population (diffuse).
Statistical analysis
All values were expressed as mean ± SE and the results
were compared by analysis of variance (ANOVA) with
post hoc analysis using the Bonferroni test. The log rank
www.wjgnet.com

Figure 2 Light microscopy showing normal pancreatic tissue in the sham group
(A, B) (HE, × 200), broad single cell necrosis (arrow) and significant increase in
vacuolization (bold arrow) in the AP group at 24 h and 48 h (C, D) (HE, × 400),
attenuated necrosis and vacuolization after leptin treatment at 24 h (E) (HE, ×
400). Mild edema was observed at 48 h in leptin-treated rats (F, arrow).

test was used for survival analysis. P < 0.05 was considered
statistically significant. Statistical evaluation was carried out
using the SPSS 12.0 software (SPSS, Chicago, IL, USA).

RESULTS
Kaplan-Meier survival curves (Figure 1) showed absence
of mortality after the sham operation (100% survival),
while the survival rate was reduced to 62.5% in the AP
group (P < 0.001 vs sham). Treatment with leptin was
associated with significant improvement in the survival
rate (87.5%) throughout the 48 h observation period (P <
0.05).
Effects of exogenous leptin on pancreatic injury in AP
Supramaximal doses of cerulein injections resulted in
severe AP in the animals. This was confirmed by an
increase in serum amylase and lipase levels (P < 0.001,
Tables 1 and 2), histopathological findings of severe AP
(P < 0.05, Table 3, Figures 2C and D), and pancreatic
MPO activity, as a measurement of neutrophil infiltration
(P = 0.004, Tables 1 and 2) in the cerulein injected rats
compared to saline administered rats. Serum amylase levels
and pancreatic MPO activity in rats treated with leptin
were markedly lower at 24 h compared to cerulein-only
injected rats (P < 0.001, Tables 1 and 2). However, there
was no significant difference in serum lipase levels between
the AP group and the leptin treated group (Tables 1 and 2).
Histopathological examination of the pancreas confirmed
the beneficial effect of exogenous leptin treatment on
AP (Table 3). In the pancreatic tissue from the AP group,
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Table 1 Biochemical markers in the blood, and pancreatic and lung tissues at 24 h mean ± SE
Groups

Amylase
(U/L)

Lipase
(U/L)

TNF-α
(pg/mL)

IL-1b
(pg/mL)

MIP
(pg/mL)

sICAM
(pg/mL)

Sham Group
AP Group
Leptin Group

44.2 ± 5.8
1913 ± 205a
1419 ± 87

17.2 ± 1.0
47.1 ± 9.0
39.4 ± 36.3

9.5 ± 0.7
114.6 ± 16.5a
67.2 ± 7.0

6.4 ± 0.8
107.9 ± 5.1a
67.2 ± 7.0

5.7 ± 8.5 11132 ± 626
128.3 ±5.1a 27828 ± 1483a
45.0 ± 10.2 21042 ± 1676

Pancreas MPO
(U/gr)

Lung MPO
(U/gr)

Lung NOx
(nmol/mg protein)

0.17 ± 0.02
25.0 ± 11.1a
4.1 ± 1.6

2.5 ± 0.6
95.8 ± 17.0a
38.2 ± 6.3

8.1 ± 1.1
26.6 ± 0.8a
19.3 ± 0.7

a

P < 0.05 vs the leptin group.

Table 2 Biochemical markers in the blood, and pancreatic and lung tissues at 48h mean ± SE
Group

Amylase
(U/L)

Lipase
(U/L)

TNF-α
(pg/mL)

IL-1b
(pg/mL)

MIP
(pg/mL)

sICAM
(pg/mL)

Pancreas MPO Lung MPO
(U/gr)
(U/gr)

Lung NOx
(nmol/mg protein)

Sham group
AP group
Leptin group

37.3 ± 14.3
1078 ± 77
1233 ± 128

15.3 ± 2.1
44.2 ± 4.5
36.3 ± 1.7

5.5 ± 0.8
91.2 ± 2.2a
53.6 ± 3.8

8.6 ± 3.7
94.8 ± 7.5a
37.0 ± 6.1

8.5 ±3.8
78.1 ± 9.7a
28.9 ± 2.3

14216 ± 1148
28416 ± 1321a
16712 ± 1054

0.51 ± 0.29
11.4 ± 2.5
5.0 ± 1.7

6.1 ± 0.8
21.9 ± 0.7
15.3 ± 0.8

6.2 ± 2.3
97.6 ± 15.1a
29.7 ± 2.9

a

P < 0.05 vs the leptin group.

Table 3 Histological scores of pancreatic injury mean ± SE
Group
Sham group
AP group
Leptin group

Edema

Inflammation

Vacuolization

Necrosis

24 h

48 h

24 h

48 h

24 h

48 h

24 h

48 h

0
2.57 ± 0.20a
1.14 ± 0.14

0
2.37 ± 0.18a
1.12 ± 0.12

0
1.28 ± 0.28
0.57 ± 0.20

0
1.75 ± 0.46a
0.50 ± 0.18

0
2.28 ± 0.35a
0.42 ± 0.20

0
1.50 ± 0.16a
0.50 ± 0.18

0
0.71 ± 0.18
0.28 ± 0.18

0
1.00 ± 0.00a
0.50 ± 0.14

a

P < 0.05 vs the leptin group.

Table 4 Histological scores of pulmonary injury mean ± SE
Group

Alveolar edema
24 h
48 h

Alveolar distention
24 h
48 h

PMNC infiltration
24 h
48 h

Alveolar wall thickening
24 h
48 h

Sham group
AP group
Leptin group

0
2.28 ± 0.35a
1.28 ± 0.18

0
1.42 ± 0.36
1.25 ± 0.16

0
2.71 ± 0.18a
0.57 ± 0.29

0
0.85 ± 0.40
0.42 ± 0.29

0
1.62 ± 0.18a
0.37 ± 0.18

0
1.25 ± 0.16
0.62 ± 0.51

0
2.21 ± 0.12a
0.75 ± 0.16

0
2.00 ± 0.18a
0.87 ± 0.22

a

P < 0.05 vs the leptin group.

pancreatic acinar and inflammatory cells stained strongly
with CD40 (Figure 3C and D). However, there was no
such staining in the pancreatic tissue of leptin treated
(Figure 3E and F) and sham treated rats (Figure 3A and B).
The leptin treated group showed a significant reduction in
CD40 expression (P < 0.001, Table 5).
Effects of exogenous leptin on ALI associated with AP
Tissue MPO activities and NOx levels in lung tissues
increased significantly in cerulein administered rats
compared with rats that received saline, indicating that
increased neutrophil infiltration and microvascular
per meability were the result of pancreatitis (P <
0.001, Tables 1 and 2). Treatment of exogenous leptin
significantly reduced lung MPO activities and NOx
levels in cerulein injected animals (P < 0.001, Tables 1
and 2). Histopathologically, leptin treatment significantly
decreased alveolar edema, PMNC infiltration and alveolar
wall thickening in ALI associated with cerulein-induced

AP (Figure 2). Exogenous leptin attenuated the lung injury
in cerulein injected animals (P < 0.001, Table 4). There was
more intense cytoplasmic staining with CD40 in fibroblasts
in the alveolar wall and inflammatory cells in the AP group
(Figures 4C and D) compared with the sham group (P <
0.001, Figure 4A and B). In rats treated with leptin, there
was a significant decrease in the lung CD40 expression
at 24h and 48h compared with the AP group (P < 0.001,
Table 5, Figure 4E and F).
Effects of exogenous leptin on cytokines in AP
Serum cytokines and sICAM levels were markedly higher
in both AP and leptin groups compared to the sham
group (P < 0.001, Tables 1 and 2). Serum TNF-α, IL-1b
and MIP-2 levels increased at 24 h after cerulein injection
and tended to decrease at 48 h. sICAM levels remained
high during the 48 h study period. Treatment with leptin
decreased TNF-α, IL-1b, MIP-2, and sICAM levels in
cerulein administered rats (P < 0.001, Tables 1 and 2). The
www.wjgnet.com
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Table 5 Comparison of pancreatic and pulmonary CD40
staining levels in different study groups
Group
Sham group
AP group
Leptin group

Pancreas
24 h
0
2.6 ± 0.8a
1.5 ± 0.6

24 h
0
2.6 ± 0.8a
1.5 ± 0.6

E

Sham Group-24 h

AP Group-24 h

Leptin Group-24 h

B

A

Sham Group-24 h

B

Sham Group-48 h

C

AP Group-24 h

D

Ap Group-48 h

E

Leptin Group-24 h

F

Leptin Group-48 h

D

F

Sham Group-48 h

Ap Group-48 h

Leptin Group-48 h

Figure 3 Immunohistochemical localization of CD40 expression in the pancreas
in the sham group (A, B), AP group (C, D) and leptin group (E, F). (Divisions A,
C, E on the figure represent pulmonary sections at 24 h and B, D, F represent
pulmonary sections at 48 h).

decrease in cytokines and sICAM levels in the leptin group
may contribute to the attenuation of lung injury associated
with cerulean-induced AP.

DISCUSSION
To our knowledge, the present study is the first to
demonstrate that exogenous leptin administration
significantly reduces ALI in rats with cerulein induced AP.
The exogenous leptin treatment reduced cerulein induced
pancreatitis, and pancreatitis-associated lung injury, with
reduction in the serum concentrations of TNF-α , IL1b, MIP-2 and sICAM-1, decrease in the pancreatic and
pulmonary neutrophil activation, and in MPO activity, and
NOx, and CD40 levels. In addition, the exogenous leptin
treatment significantly reduced mortality rates in rats with
AP induced by supramaximal doses of cerulein.
Histological findings of ALI were more prominent
after injection of supramaximal doses of cer ulein
compared to those seen in the sham group at 24 h and
www.wjgnet.com
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Figure 4 Immunohistochemical localization of CD40 expression in lung tissues.
There was no staining in the sham group (A, B), whereas marked staining was
observed in the AP group (C, D). CD40 staining was significantly reduced in leptintreated rats (E, F). (Divisions A, C, E on the figure represent pulmonary sections
at 24 h and B, D, F represent pulmonary sections at 48 h).

48 h; maximum improvements in histological features of
ALI were observed at 48 h after leptin administration.
During AP, lung injury was associated with accumulation
of neutrophils in the interstitial and alveolar spaces,
a common finding in both clinical and experimental
studies[1,2,5,6]. It has been shown that reduction in circulating
serum neutrophils, and strategies which interfere with
neutrophil recr uitment, such as ICAM-1 blocking
antibodies are accompanied with decrease in neutrophil
infiltration and in pancreatic and distant organ damage in
AP[3,23]. In our study, induction of AP was associated with
a significant increase in pancreatic and lung MPO activity,
indicating that neutrophils were sequestered in both
organs. Exogenous leptin treatment markedly decreased
the MPO activity. Jaworek et al [15] have shown that
exogenous leptin treatment reduced neutrophil infiltration.
However, an exact explanation of the effects of leptin
on neutrophil activation remains unknown. ICAM-1 and
MIP-2 play an important role in the activation and the
adhesion of neutrophils[23,24]. A better understanding of
the effects of leptin on these factors may help in defining
their effects on neutrophil activation.
ICAM-1 is an inducible protein expressed on the
surface of endothelial cells. ICAM-1 plays an important
role in neutrophil adhesion and neutrophil mediated
lung injury during AP. Serum ICAM-1 concentrations
peak at 24 h after cerulein administration [23] . In the
present study, exogenous leptin significantly reduced
serum ICAM-1 concentrations compared with the sham
group. These findings suggest that neutrophil adhesion
in the lung may be ameliorated by leptin administration.

Gultekin FA� et al . Leptin ameliorates lung injury in acute pancreatitis

During AP, MIP-2 is involved in neutrophil activation
and sequestration in the pancreas and lungs[25]. MIP-2 is a
potent rodent chemokine, homologous to GRO-b, which
binds to the C-X-C chemokine receptor-2[26]. We found
that cerulein induced AP was associated with a significant
increase in serum MIP-2 concentrations, and that leptin
treatment substantially decreased the MIP-2 concentration.
The effect of leptin administration on serum MIP-2
concentration is not clearly established. To the best of our
knowledge, this is the first study demonstrating the effect
of leptin on serum MIP-2 concentration. A decrease in the
concentration of MIP-2 may therefore play an important
role in reducing neutrophil adhesion and sequestration.
Moreover, Ob-R is present in the pancreas and lungs[12,13].
Therefore, leptin may also reduce pancreatic neutrophil
activation by affecting its lung receptors. Several in vivo
studies have shown that endogenous leptin increases
neutrophil activation[27,28]. However, administration of a
higher dose of exogenous leptin compared to the baseline
circulating level may result in neutrophil inhibition.
Since leptin is a pleiotropic hormone, it is expected
that its effects at supraphysiological dose may be similar
to the effects in normal doses. In contrast, Konturek
et al [16] and Warzecha et al [17] indicated that high doses
of exogenous leptin had greater effect, and markedly
attenuated pancreatic damage in both cerulein-induced
and ischemia/reperfusion-induced pancreatitis models. We
found similar effects with exogenous leptin in this study,
where high doses of leptin exhibited the protective effects
in AP and in AP associated lung injury. Nevertheless,
these dichotomous effects arising from differing doses
of leptin remain poorly understood and require further
investigation.
TNF-α, and IL-1b are derived predominantly from
activated macrophages and act via specific cell membranebound receptors in inflammatory situations such as AP and
AP associated ALI. The severity of pancreatitis has been
shown to correlate with TNF-α and IL-1b levels[2,5,7]. After
the onset of pancreatitis, cytokine production from lung
parenchyma increases significantly, and large quantities of
chemokines, including TNF-α and IL-1b are released from
macrophages via the p38 mitogen activated protein-kinase
pathway[1,2,5]. Specific treatments that target the reduction
of TNF-α and IL-1b levels reduce the severity of ALI in
AP. Konturek et al[16] have shown that exogenous leptin
treatment reduced plasma TNF-α level and pancreatic IL-4
expression in rats with AP. In another study, Warzecha
et al[17] concluded that leptin treatment reduced plasma
IL-1b levels. Ob-R is a member of the classⅠcytokine
receptor superfamily. These receptors are membranespanning glycoproteins[13]. Leptin is recognized as a proinflammatory hormone, and it shares structural similarities
to cytokines IL-6, IL-15 and g ranulocyte colonystimulating factor[10]. However, our understanding of the
role of leptin in inflammation is incomplete. Endogenous
leptin protects against TNF-mediated toxicity. Ob/ob
mice and db/db mice, as well as mice treated with leptinreceptor antagonist displayed increased sensitivity to the
lethal effects of TNF. The addition of exogenous leptin
protected against TNF-mediated toxicity in ob/ob mice,
but did not increase the protective effect of endogenous
leptin in wild-type mice[29]. Our study showed that AP was
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accompanied with increased plasma levels of TNF-α and
IL-1b compared to the sham group, and exogenous leptin
reduced these cytokine levels at 24 h and 48 h following
cerulein injection. Overstimulation of Ob-R might also
result in a decrease in cytokine levels. Taken together,
exogenous leptin treatment appears to play an important
role in the reduction of pancreatic damage during AP,
through a reduction in the pro-inflammatory cytokines.
Leinder et al[7] have shown that the expression of iNOS
correlated with apoptotic changes in the lung, suggesting
that NO overproduction is an important factor in the
development of a systemic inflammatory reaction in
response to severe pancreatitis. In the present study, the
NOx concentration in lung tissues was considerably higher
in rats with cerulein-induced AP, compared with controls.
However, a significant decrease in the NOx level was
observed with leptin treatment. Leptin was able to reduce
ALI by decreasing the NOx level, which resulted in the
reduction of inflammation and neutrophil activation.
CD40, a protein member of the TNF receptor superfamily,
is expressed on the membrane of a variety of cells,
including B lymphocytes, monocytes, biliary and acinar
cells[30,31]. CD40 binds to its ligand CD40L, a membrane
glycoprotein, and mediates major immunoregulatory
signals involved in auto-immune disease, inflammatory
bowel disease and acute experimental pancreatitis [32].
Daoussis et al [32] have demonstrated that the CD40
ligation on antigen-presenting cells is associated with
the following: (1) enhanced cell survival; (2) secretion
of cytokines (TNF-α, IL-1b, IL-6, MIP); (3) enhanced
monocyte activity, and (4) NO synthesis. In a recent study,
Frossard et al[31] concluded that elevation of serum CD40
levels is a prognostic factor for AP. In our study, pancreatic
and pulmonary CD40 staining level in the AP group was
significantly higher than the sham group, and exogenous
leptin treatment reduced both pancreatic and pulmonary
CD40 staining. Exogenous leptin may contribute to the
reduction in MPO activity by decreasing lung CD40 levels.
However, whether lung CD40 levels are suppressed by
leptin is unclear. Leptin directly reduces pancreatic CD40
levels and inhibits monocyte activation, which plays an
important role in acute lung injury.
In conclusion, supramaximal doses of exogenous leptin
treatment significantly abrogated ALI in cerulein-induced
AP. Exogenous leptin markedly reduced both neutrophil
activation and the levels of soluble pro-inflammatory
factors such as cytokines, chemokines, NOx and CD40
that are known to be involved in the development of ALI.
However, the pathophysiological role of exogenous leptin
in AP and pancreatitis-associated lung injury requires
further investigation.

ACKNOWLEDGMENTS
This study was presented at the 41st Congress of The
European Society for Surgical Research, in Rostock,
Germany, 17-21 May 2006. The authors would like to
thank Syn WK. MD for excellent technical assistance.

REFERENCES
1

Kloppel G. Acute pancreatitis. Semin Diagn Pathol 2004; 21:
www.wjgnet.com

2938

2
3
4

5

6
7

8
9
10
11
12
13
14

15

16
17

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

221-226
Frossard JL, Hadengue A, Spahr L, Morel P, Pastor
CM. Natural history of long-term lung injury in mouse
experimental pancreatitis. Crit Care Med 2002; 30: 1541-1546
Bhatia M. Novel therapeutic targets for acute pancreatitis and
associated multiple organ dysfunction syndrome. Curr Drug
Targets Inflamm Allergy 2002; 1: 343-351
Matsuda K, Mikami Y, Takeda K, Fukuyama S, Egawa S,
Sunamura M, Maruyama I, Matsuno S. The cannabinoid 1
receptor antagonist, AM251, prolongs the survival of rats with
severe acute pancreatitis. Tohoku J Exp Med 2005; 207: 99-107
Frossard JL, Kwak B, Chanson M, Morel P, Hadengue A,
Mach F. Cd40 ligand-deficient mice are protected against
cerulein-induced acute pancreatitis and pancreatitis-associated
lung injury. Gastroenterology 2001; 121: 184-194
Pastor CM, Matthay MA, Frossard JL. Pancreatitis-associated
acute lung injury: new insights. Chest 2003; 124: 2341-2351
Leindler L, Morschl E, Laszlo F, Mandi Y, Takacs T, Jarmai K,
Farkas G. Importance of cytokines, nitric oxide, and apoptosis
in the pathological process of necrotizing pancreatitis in rats.
Pancreas 2004; 29: 157-161
Zhang Y, Proenca R, Maffei M, Barone M, Leopold L,
Friedman JM. Positional cloning of the mouse obese gene and
its human homologue. Nature 1994; 372: 425-432
Ahima RS, Prabakaran D, Mantzoros C, Qu D, Lowell B,
Maratos-Flier E, Flier JS. Role of leptin in the neuroendocrine
response to fasting. Nature 1996; 382: 250-252
Fantuzzi G, Faggioni R. Leptin in the regulation of immunity,
inflammation, and hematopoiesis. J Leukoc Biol 2000; 68:
437-446
Friedman JM. The function of leptin in nutrition, weight, and
physiology. Nutr Rev 2002; 60: S1-S14; discussion S68-S84,
S85-S87
White DW, Tartaglia LA. Leptin and OB-R: body weight
regulation by a cytokine receptor. Cytokine Growth Factor Rev
1996; 7: 303-309
Tartaglia LA. The leptin receptor. J Biol Chem 1997; 272:
6093-6096
Yavuz N, Unal E, Memisoglu K, Krand O, Kiziler AR,
Aydemir B, Kusaslan R, Dogan M, Gunes P, Titiz I. Plasma
leptin levels in rats with pancreatitis. Tohoku J Exp Med 2004;
204: 243-248
Jaworek J, Bonior J, Pierzchalski P, Tomaszewska R, Stachura
J, Sendur R, Leja A, Jachimczak B, Konturek PC, Bielanski W,
Pawlik W, Konturek SJ. Leptin protects the pancreas from
damage induced by caerulein overstimulation by modulating
cytokine production. Pancreatology 2002; 2: 89-99
Konturek PC, Jaworek J, Maniatoglou A, Bonior J, Meixner H,
Konturek SJ, Hahn EG. Leptin modulates the inflammatory
response in acute pancreatitis. Digestion 2002; 65: 149-160
Warzecha Z, Dembinski A, Ceranowicz P, Jaworek J, Konturek
PC, Dembinski M, Bilskl J, Konturek SJ. Influence of leptin
administration on the course of acute ischemic pancreatitis. J

18

19
20

21

22

23
24
25

26

27

28

29
30
31

32

June 7, 2007

Volume 13

Number 21

Physiol Pharmacol 2002; 53: 775-790
Tani S, Otsuki M, Itoh H, Fujii M, Nakamura T, Oka T, Baba S.
Histologic and biochemical alterations in experimental acute
pancreatitis induced by supramaximal caerulein stimulation.
Int J Pancreatol 1987; 2: 337-348
Archer S. Measurement of nitric oxide in biological models.
FASEB J 1993; 7: 349-360
Schmidt J, Lewandrowsi K, Warshaw AL, Compton CC,
Rattner DW. Morphometric characteristics and homogeneity
of a new model of acute pancreatitis in the rat. Int J Pancreatol
1992; 12: 41-51
Bhatia M, Saluja AK, Hofbauer B, Lee HS, Frossard JL, Steer
ML. The effects of neutrophil depletion on a completely
noninvasive model of acute pancreatitis-associated lung
injury. Int J Pancreatol 1998; 24: 77-83
Leifeld L, Trautwein C, Dumoulin FL, Manns MP,
Sauerbruch T, Spengler U. Enhanced expression of CD80
(B7-1), CD86 (B7-2), and CD40 and their ligands CD28 and
CD154 in fulminant hepatic failure. Am J Pathol 1999; 154:
1711-1720
Bhatia M, Proudfoot AE, Wells TN, Christmas S, Neoptolemos
JP, Slavin J. Treatment with Met-RANTES reduces lung injury
in caerulein-induced pancreatitis. Br J Surg 2003; 90: 698-704
Makhija R, Kingsnorth AN. Cytokine storm in acute
pancreatitis. J Hepatobiliary Pancreat Surg 2002; 9: 401-410
Pastor CM, Rubbia-Brandt L, Hadengue A, Jordan M, Morel
P, Frossard JL. Role of macrophage inflammatory peptide-2 in
cerulein-induced acute pancreatitis and pancreatitis-associated
lung injury. Lab Invest 2003; 83: 471-478
Murphy PM, Baggiolini M, Charo IF, Hebert CA, Horuk
R, Matsushima K, Miller LH, Oppenheim JJ, Power CA.
International union of pharmacology. XXII. Nomenclature for
chemokine receptors. Pharmacol Rev 2000; 52: 145-176
Zarkesh-Esfahani H, Pockley G, Metcalfe RA, Bidlingmaier
M, Wu Z, Ajami A, Weetman AP, Strasburger CJ, Ross RJ.
High-dose leptin activates human leukocytes via receptor
expression on monocytes. J Immunol 2001; 167: 4593-4599
Zarkesh-Esfahani H, Pockley AG, Wu Z, Hellewell PG,
Weetman AP, Ross RJ. Leptin indirectly activates human
neutrophils via induction of TNF-alpha. J Immunol 2004; 172:
1809-1814
Takahashi N, Waelput W, Guisez Y. Leptin is an endogenous
protective protein against the toxicity exerted by tumor
necrosis factor. J Exp Med 1999; 189: 207-212
Mach F, Schonbeck U, Libby P. CD40 signaling in vascular
cells: a key role in atherosclerosis? Atherosclerosis 1998; 137
Suppl: S89-S95
Frossard JL, Morel P, Kwak B, Pastor C, Berney T, Buhler L,
Von Laufen A, Demulder S, Mach F. Soluble CD40 ligand in
prediction of acute severe pancreatitis. World J Gastroenterol
2006; 12: 1613-1616
Daoussis D, Andonopoulos AP, Liossis SN. Targeting CD40L:
a promising therapeutic approach. Clin Diagn Lab Immunol
2004; 11: 635-641
S- Editor Liu Y L- Editor Anand BS E- Editor Chen GJ

www.wjgnet.com

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

World J Gastroenterol 2007 June 7; 13(21): 2939-2944
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

CLINICAL RESEARCH

Clinical significance of mucosal suppressors of cytokine
signaling 3 expression in ulcerative colitis
Yoshihiro Miyanaka, Yoshitaka Ueno, Shinji Tanaka, Kyoko Yoshioka, Tsuyoshi Hatakeyama, Masaru Shimamoto,
Masaharu Sumii, Kazuaki Chayama
Yoshihiro Miyanaka, Kyoko Yoshioka, Tsuyoshi Hatakeyama,
Masaru Shimamoto, Kazuaki Chayama, Department of
Medicine and Molecular Science, Hiroshima University,
Hiroshima, Japan
Yoshitaka Ueno, Shinji Tanaka, Department of Endoscopy,
Hiroshima University Hospital, Hiroshima, Japan
Masaharu Sumii, Department of Internal Medicine, Hiroshima
Memorial Hospital, Japan
Correspondence to: Yoshitaka Ueno, MD, PhD, Department of
Endoscopy, Hiroshima University Hospital, Hiroshima 734-8551,
Japan. yueno@hiroshima-u.ac.jp
Telephone: +81-8-2-2575193 Fax: +81-8-2-2575194
Received: 2007-01-08
Accepted: 2007-01-31

Abstract
AIM: To investigate the clinical significance of mucosal
expression of suppressors of cytokine signaling 1 (SOCS1)
and SOCS3 in human ulcerative colitis (UC).
METHODS: Biopsy specimens for histological analysis
and mRNA detection were obtained endoscopically from
the rectum of 62 patients with UC (36 men; age 13-76
years). The patients were classified endoscopically
according to Matts’ grade (grade 1 to 4). Expression of
SOCS1 and SOCS3 mRNAs was quantified in samples
by competitive reverse transcription-polymerase chain
reaction (RT-PCR). GAPDH was used as an internal
control for efficiency of RT-PCR and amount of RNA.
RESULTS: SOCS3 mRNA expression was significantly
higher in inflamed mucosa of UC than in inactive mucosa.
The level of expression was well correlated with the
degree of both endoscopic and histologic inflammation.
Interestingly, among the patients in remission, the group
with relatively low expression of SOCS3 showed a higher
rate of remission maintenance over a 12-mo period. In
contrast, SOCS1 mRNA was expressed in both inflamed
and non-inflamed colonic mucosa and was not correlated
with the activity of colonic mucosa or prognosis.
CONCLUSION: These observations suggest that
increased expression of mucosal SOCS3, but not of
SOCS1, may play a critical role in the development of the
colonic inflammation of UC.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Ulcerative Colitis (UC) is a chronic
���������������������
inflammatory
bowel disease characterized by a dysregulated mucosal
immune response[1]. Many cytokines are involved in the
immunopathogenesis of UC, but the importance of
cytokine signaling in UC is not fully understood.
The suppressors of cytokine signaling (����������
SOCS������
)�����
����
are
a family of proteins that regulates the strength and
duration of the cytokine signaling cascade. There
����������
are
eight members of the SOCS protein family: the cytokineinducible SH2 domain-containing protein (CIS) and
SOCS1 through SOCS7[2-7]. Accumulated evidence shows
that SOCS proteins can potently block the Jak/STAT
pathway in the pathogenesis of various inflammatory
diseases[8]. The functions of SOCS1 and SOCS3 have been
well documented in mouse colitis models. In a dextran
sulfate-induced mouse model of colitis, SOCS3 expression
was increased at day 5 and remained high for 2 wk [9].
Transgenic mice expressing a dominant-negative mutant of
SOCS3 showed increased phosphorylation of STAT3 and
suffered a more severe colitis than did wild-type control
mice[9]. In a 2, 4, 6-Trinitrobenzene sulphonic acid-induced
mouse model of colitis, SOCS1 expression was induced
in intestinal mucosal lymphocytes, and SOCS1 transgenic
mice developed colitis spontaneously with age[10]. It has
been already reported that both SOCS1 and SOCS3 are
expressed at high levels in the inflamed colonic mucosa of
humans with UC[9,10], but functional significance of local
SOCS expression remains unclear. The present study was
undertaken to investigate the relation between levels of
SOCS mRNAs and degree of inflammation in the colonic
mucosa of UC patients.

MATERIALS AND METHODS
Subjects
Our subjects were 62 patients with UC who underwent
colonoscopy. �������������������������������
The age of the patients ranged �����������
from 13 to
www.wjgnet.com
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Table 1 Description of the criteria of Matts for endoscopic and
histologic findings

Table 2 Characteristics of UC patients

Endoscopic Matts’ grades
Grade 1---normal
Grade 2---mild granularity of the mucosa,
with mild contact bleeding
Grade 3---marked granularity and edema of the mucosa,
contact bleeding, and spontaneous bleeding
Grade 4---severe ulceration of mucosa with hemorrhage
Histologic Matts’ grades
Grade 1---normal appearance
Grade 2---some infiltration of the mucosa or lamina
propria with either round cells or polymorphs
Grade 3---much cellular infiltration of the mucosa,
lamina propria, and submucosa
Grade 4---presence of crypt abscesses,
with much infiltration of all layers of the mucosa
Grade 5---ulceration, erosion, or necrosis of the mucosa,
with cellular infiltration of some or all of its layers

Characteristics

76 years (mean + SD, 38.6 + 13.3 years). Rectal
���������������
lesions
were classified macroscopically with endoscopic Matts��’�
classification� �������
(Table ��
1)[11]. Patient characteristics are shown
in Table 2.
After endoscopic obser vation by colonoscopy
(450ZH; Fuji Photo Optical Co., Ltd, Saitama, Japan��,�
and/or 240Q; Olympus Co., Ltd, Tokyo, Japan), biopsy
specimens were obtained endoscopically from these
patients for histologic analysis and ����������������������
reverse transcriptionpolymerase chain reaction (RT-�����������������������
PCR��������������������
)�������������������
assay.������������
The
�����������
biopsy
specimens were fixed routinely in 10% buffered formalin��,�
stained with hematoxylin and eosin, and diagnosed
histologically according to histologic Matts��’����������������
���������������
classification�
(Table 1)[11].
Oligonucleotides
For the amplification of SOCS1, a pair �������
of PCR
����
primers was synthesized. The sequences were 5�’
-CCTTCCCCTTCCAGATTTGA-3��’� �����������
for the 5��’��������������
�������������
primer and 5�’
-TCCTGGCTCCAGATACAGTT-3��’� �����������
for the 3��’�������������
������������
primer. For
the amplification of SOCS3, the sequences����������������
of the primers�
were 5����������������������������
’���������������������������
-TCACCCACAGCAAGTTTCCCGC-3��’� �����������
for the 5��’�
primer and 5�������������������������������
’������������������������������
-GTTGACGGTCTTCCGACAGAGATGC-3��’�
for the 3��’���������������������������������������������
��������������������������������������������
primer. For the amplification of GAPDH, the
sequences were 5��������������������������
’�������������������������
-AACATCATCCCTGCCTCTAC-3��’� ����
for
the 5��’���������������������������������������
primer
��������������������������������������
and 5��������������������������
’�������������������������
-TGGCAGGTTTTTCTAGACGG-3��’�
for the 3��’��������
�������
primer.
Semi-quantitative RT-PCR
Total RNA ������������
from biopsy specimens
����������������������������
������������������
was isolated with
�����
an� Rneasy
������� Mini
������������������
kit (Qiagen, Valencia,
��������������������������
CA, USA). Firststrand cDNA was synthesized from 1� µg of total RNA
with random 9-mer����������
s���������
in a�����
20�
���-µL������������������������
total reaction volume.
Before cDNA symthesis, the �����������������������
RNA sample was treated
with Rnase-Free Dnase (Qiagen) to eliminate possible
false positive���������������������������������������
s��������������������������������������
due
�������������������������������������
to�������������������������������
residual genomic DNA. PCR was
performed in triplicate in ���
10 µL������������������
reactions. GAPDH
was used as an internal control for efficiency of RT and
amount of RNA. ��������������������������������������
Amplification ������������������������
condition���������������
s��������������
consisted of
denaturation for 4 min at 94℃, annealing
���������� for
������1��� �������
min at
65℃, and a final extension for 7 min at 72℃. ������������
The samples
were amplified for 35 cycles. ����������������������������
PCR products were run on 2%
www.wjgnet.com

n
62
Sex (male/female)
36/26
Mean age (in years) (range) 38.6
(13-76)
Duration (in years) (range) 6.0
(0.1-29)
Type
(total/left hemi/rectal)
42/10/10
Tx
Steroid
24
Azathioprine
7
Leukocytapheresis
9

Number 21

Endoscopic Matts’ grade
1
19
11/8
36.2
(13-61)
4.7
(0.2-10)

2
15
10/5
39.1
(18-65)
8.2
(0.1-20)

14/1/4

10/4/1 17/4/5 1/1/0

5
3
3

7
1
2

3
4
26
2
13/13
2/0
40.1
37.0
(18-76) (25-49)
5.6
5.0
(0.1-29) (1-9)

10
2
3

2
1
1

agarose gels containing 1 × TAE. After electrophoresis,
RT-����������������
PCR products of �����������������
SOCS-1 (277������
bp),
����� SOCS-3
�����������������
(590������
bp)��
�����,�
and GAPDH (148� bp)
����������������������
were analyzed and quantified
����������������
�����
with
a����������������������������������������������������
UV Transilluminator (Toyobo, Tokyo, Japan) and NIH
image������������������������������������������������������
software���������������������������������������������
. Each sample was investigated in
��������������
�����������
triplicate.
Statistical analysis
Data were analyzed with StatView software (Japanese
version, Hulinks, Tokyo, Japan) on a Macintosh Computer
(Apple Computer, Cuper tino, CA). ������������
Groups �����
were
compared with� ����������
Student���’s� t-test. Differences were considered
statistically significant at P <������������������������������
�� 0.05.������������������������
�����������������������������
Time-to-relapse curves
were derived with the Kaplan-Meier method, and statistical
significance was determined with the log-rank test.

RESULTS
Expression of SOCS3 mRNA in the colonic mucosa in
patients with UC
SOCS3 mRNA was detected in the colonic mucosa of patients
with UC����������������������������������������������
(Figure 1A),���������������������������������
consistent with previous reports[12].
Upper level shows 4 cases of endoscopic Matts��������������
1,
�������������
and lower
level shows 4 cases of Matts����������������������������������
3���������������������������������
and 4. Cases 1 to 4 with Matts�
1 had low expression of SOCS3, and cases 5 to 8 with Matts
3 and 4 had high levels of SOCS3, ��������������������������
as �����������������������
compared to expression
�����������
of ���������������������������������������������������������
GAPDH. ��������������������������������������������������
Quantitative analysis revealed that expression of
SOCS3 mRNA was significantly higher in inflamed mucosa of
UC �����������������
than in����������
inactive ��������������������
mucosa (Figure 2����
A���). ������
SOCS3 ������������
mRNA �������
levels
was �������������������������������������������������������
also significantly�������������������������������������
correlated with histological Matts��’�������
������
grade
(Figure 2B��
����).
Expression of SOCS1 mRNA in colonic mucosa in patients
with UC
SOCS1 mRNA was �������������������������������
expressed in both inflamed and
uninflamed UC mucosa (Figure 1B); however, the level
did not differ significantly������������������
(Figure ���������
3A�������
). The ������
SOCS1
mRNA expression�����������������
���������������������������
was all equally expressed
�������������������
compared
to GAPDH. Quantitative
��������������������������������������������
analysis showed that there was
no correlation between SOCS1 mRNA expression in the
colonic� mucosa
�����������
and histologic
������������������
Matts’ ������������������
grad��������������
e (Figure
������������
3B).
Relation between SOCS1 and SOCS3 mRNA expression in
patients with UC
Although SOCS1 and SOCS3 are regulated by many cytokines, the relation between SOCS1 and SOCS3 remains un-
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Figure 1 Expression of SOCS3 (A) and SOCS1 (B) mRNA in the colonic mucosa
with UC. PCR was performed in triplicate for each sample. GAPDH was included
as an internal control for efficiency of RT and amount of RNA. The colonic
mucosae in cases 1 to 4 were shown endoscopically to be in remission and those
in cases 5 to 8 were shown endoscopically to be active.

SOCS3 mRNA/GAPDH mRNA

SOCS1
(277 bp)
GAPDH
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Relation between expression of SOCS mRNAs and steroid
use
Because treatment with steroids is known to influence
several immunological responses, we investigate�������������
d������������
the effect
�������
of steroid use on ��������������������������������������
SOCS expression. T��������������������
here ���������������
was a tendency
for expression of �����
both ����������
SOCS1 and ���������������������
SOCS3 to
���������������
decrease in
response to��������������������������������������������
steroid treatment, but this difference was ����
no��t�
statistical���������������
ly�������������
significant� �����������
(Figure 5)�.
Relation between clinical activity of UC and the level of
SOCS
We examined��������������������������������������������
����������������������������������������������������
the relation between the clinical activity and
����
expression of SOCS� �����������������������������
mRNAs������������������������
. The
����������������������
clinical activity of
������
UC
was evaluated �����������������������������������
according to the
����������������������
������������������
clinical activity �������������
index (CAI),
which is calculated as the sum of each parameter
���������[13]. We
found that SOCS3
������ mRNA
�������������������������������������
expression correlated ����������
well with
�����
CAI, whereas there was no correlation between SOCS1
mRNA and CAI (Figure 6).
Expression of SOCS mRNAs in predicting relapse of UC
To determine if evaluation of SOCS expression is useful�
for prediction of prognosis for UC�������������
, we check���
ed� �����
SOCS
mRNA levels and
�����������������������������������������
CAI ���������������������������������
over a 12-mo period��������������
. Eighteen
������������
patient����������������������������
s���������������������������
with UC in remission (CAI ��
= ����������������������
1 or 2) were ���������
analyzed

P < 0.05

2.5

P < 0.05

2
1.5
1
0.5
0

n =

clear. Therefore,
����������������������������������������������������
we evaluated the relation between expres�������
sion of SOCS3
����������
and SOCS1
������ mRNA
���������
and found
�����������������
that there
������
was no correlation between SOCS������
����������
1�����
and ������
SOCS3 �����
mRNA
expression in each colonic biopsy specimen������������
(Figure 4)�.

3, 4
( n = 28 )

1
(5)

2
3
(12)
(21)
Histologic Matts' grade

4
(15)

5
(9)

Figure 2 Relation between the degree of endoscopic (A) and histologic (B)
inflammation and levels of SOCS3. The levels of SOCS3 mRNA were determined
by quantitative RT-PCR. Box graphic top, bottom, and middle correspond to 75th,
25th, and 50th percentiles (median), respectively. Bar shows 5th and 95th percentiles.
The mean + SD of endoscopic Matts’ grade was 0.116 + 0.094 for Matts'1, 0.280
+ 0.219 for Matts'2, and 0.673 + 0.599 for Matts'3 and 4. The mean + SD of
histologic Matts’ grade was 0.038 + 0.048 for Matts’1, 0.124 + 0.102 for Matts'2,
0.250 + 0.174 for Matts'3, 0.597 + 0.371 for Matts'4, and 1.039 + 0.821 for Matts'5.
There was a significant correlation between SOCS3 expression in the colonic
mucosa and Matts’ grade.

for rectal SOCS expression and followed up. The
�������������
patients
were assessed when relapse occurred during the 12-mo
period. A relapse was defined as CAI > 2. No change
in treatment was made during the study. These
���������������
patients
were classified into two groups, low and high������������
,�����������
according
to SOCS�������������������������
expression levels�������
. High ������������
SOCS3 was
������a ������
SOCS3to-GAPDH ratio of �������������������
> �����������������
0.3, whereas low ������������
SOCS3 was
������a
SOCS3-to-GAPDH ratio of ≤ 0.3. High SOCS1 was
������a�
SOCS1-to-GAPDH ������������������������
ratio�������������������
of >��������������
�������������
0.6, and low ������������
SOCS1 ������
was a�
SOCS1-to-GAPDH ratio
���������
of ≤ 0.6.��������������
P������������
atients who
���� ��������
had ����
low
level�����
s����
of �������
SOCS3 (n =���������������������������
�� ��������������������������
14) remained
����������������������
in�����������
remission ����������
for the12������
mo period, whereas patients with high
���������������
level�����
s����
of SOCS3
������
(n ��
=����
���
4) ����������������
had low ��������
rate of ����������������������������������
maintaining an existing remission�
over the 12-mo period (���������������������
F��������������������
igure 7)������������
. There was ���������������
no correlation
between SOCS1 �����������������������������������������
level �����������������������������������
and remission rate.����������������
No differences
were found between the high and low SOCS3 groups in
www.wjgnet.com
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Figure 3 Relation between the degree of endoscopic (A) and histologic (B)
inflammation and expression of SOCS1. Levels of SOCS1 mRNA were determined
by quantitative RT-PCR. There was no correlation between the degree of
inflammation and mucosal SOCS1 mRNA level.
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Figure 5 Effect of steroid treatment on expression of SOCS mRNAs. SOCS1
and SOCS3 levels tended to decrease in response to steroid treatment. NS: not
significant.
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tic marker for the maintenance of remission in UC.
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Figure 4 Relation between expression of SOCS1 and SOCS3 mRNAs. SOCS1
mRNA expression was not correlated with SOCS3 mRNA expression in colonic
biopsy specimens.

histologic score, concomitant medications, length of remission prior to inclusion in study, or history of frequency
of relapses for the individual patients. These data suggest
that mucosal SOCS3 expression may be a useful prognoswww.wjgnet.com

In the present
������������������
����������
study, we �������������������������
found that expression of ������
SOCS3�
mRNA�����������������������������������������
is increased according
���������������������������
to the degree of ��������
mucosal
inflammation ���
in �����������������������������������
UC and that the level of SOCS3 may ���
be
a useful progno�����
s����
tic �������
marker ����������������������������
for patients with UC. These
findings suggest that SOCS3 has a significant role in UC.
In this study, we found a close correlation between
SOCS3 expression and the severity of both macroscopic
and histologic inflammation of UC. In contrast, SOCS1
expression did not correlate with the severity of colonic
inflammation. Expression of both SOCS1 and SOCS3
is induced by a wide variety of inflammatory and antiinflammatory cytokines, including IL-6, IL-12, IFN-γ,
and IL-10[8]. We also found that there was no correlation
between the levels of SOCS1 and SOCS3. Thus, high
expression of SOCS3 may not be a secondary effect
of mucosal cytokine induction due to inflammatory
responses.
The pathogenesis of UC is still unknown, but there
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Figure 7 Kaplan-Meier time to relapse curves for patients with UC in relation to
the expression of SOCS mRNAs. There is a significant difference (P < 0.05, log
rank) in the proportion of patients who relapsed over a 12-mo period with respect
to the levels of mucosal SOCS3 (> or < 0.3) at time of inclusion in the study. There
was no correlation between SOCS1 and remission rate. NS: not significant.

CAI

Figure 6 Relation between expression of SOCS mRNAs and CAI. SOCS3
expression is well correlated with CAI. There was no correlation between SOCS1
expression and CAI. NS: not significant.

is accumulating evidence that T-helper 2 (TH2)-skewing
immune dysregulation may be crucial in UC. Fuss et al[14]
reported that lamina propria lymphocytes from UC secrete
large amounts of IL-5 compared to those from healthy
controls and Crohn’s disease patients. Recently, it was
reported that ���������������
lamina propria ������������������
mononuclear cells �����
from
patients with UC produce large amounts of IL-13, much
more than those
������ from
���������������������������������������
control���������������������������
subject�������������������
s or patients with
Crohn����������
’���������
s disease[15]. M�����������������������������������
oreover����������������������������
, it was also reported that�
IL-13 is the key effector �
TH2�����������������������������
cytokine in UC that affects
epithelial�������������������������������������������������
tight junctions, apoptosis, and cell restitution[16].
Taken together, these data all suggest that the TH2-type
immune response plays a crucial role in the pathogenesis
of UC.
SOCS3 is expressed predominantly by TH2 cells [17].
SOCS3 negatively regulates the IL-12 to STAT4 Th1 pathways
and is possibly required for mediating T
�H2����������
response�s[18].
[19]
Interestingly, Seki et al described����������������������
a strong correlation
between SOCS3 expression and the pathology of asthma
and atopic dermatitis, ������������
well-known TH2-type diseases, ���
as
well as serum IgE levels in allergic human patients. They
�����

also showed that SOCS3 transgenic mice have increased
T H2 responses in an airway hyperresponsibility model
system[19]. Thus, SOCS3 has an important role in regulating
the onset and maintenance of T H2-mediated immune
diseases. Recently, it was reported that overexpression of
SOCS3 in lung through adenovirus SOCS3 gene transfer
enhances IgG immune complex-induced lung injury[20].
SOCS3 expressed at high levels in inflamed mucosa may
therefore have a pathologic role in UC.
We have not examined the cellular localization of
mucosal SOCS3 expression. In mice, i������
t has ���������������
been confirmed
that SOCS3 mRNA �������������
is expressed� mainly
������� in
��� hyperplastic
�������������
epithelial cells and lamina
���������������
propria mononuclear
���������������������
cells����
in
DSS-treated ��������������
inflamed �����
colon [9]. Han� et al [21] confirmed
����������
that SOCS3 protein is increased and ��������������������
localized�����������
primarily
in lamina
�������������������������������������������������
propria lymphocytes�����������������������
with a lower level of
expression in crypt epithelial cells in a�� mouse
������ model
���������
of
colitis. According to our data, ��������������
expression of ������
SOCS3
mRNA is well correlated with the degree of histologic
inflammation. Therefore, accumulation
�����������������������������
of inflammatory�
lamina propria immune cells may be one of the main
sources of increase��
d� SOCS3�
������ ����������������������
mRNA������������������
.�����������������
The correlation
between SOCS3 expression and the severity of UC raises
the possibility that high SOCS3 expression in patients
may be attributable to the accumulation of �
TH2���������
cells in
the lamina propria, resulting in exacerbation of mucosal
www.wjgnet.com
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inflammation. Further
���������������������������������������������
studies of the�����������������������
cellular localization
of SOCS3 ����
are needed.
�������
To explore the impact of high expression of SOCS3,
we examined the relation between the period of remission
and SOCS3 expression. The rate of remission maintenance
was significantly higher in the low SOCS3 group than
in the high SOCS3 group for 1 year. This finding also
suggests that mucosal SOCS3 expression is not merely the
result of inflammatory change. SOCS3 may be involved in
the progression of the inflammation in UC.
Treatment with steroids is known to affect cellular
immune responses. We found that the patients treated
with steroids showed����������������������
lower
���������������������
levels of both
����� SOCS1
����������
and
SOCS3���������������������������������
than did untreated patients�����
. ���
It ������������������
has been reported
that rat SOCS3 gene in hepatocytes is down-regulated by
glucocorticoids[22]. In contrast������������������������������
, removal of adrenal steroids
by adrenalectomy reduces SOCS3 mRNA and protein
levels[23]. ���
I��t �����������������������
has been reported that ���������������������
SOCS1 is ������������
involved in�
the response�������������������������������������
of leukemia cells�������������������
to glucocorticoids[24]. These
raise the possibility that steroids may directly regulate
SOCS expression. Targeting SOCS3 may provide a novel
strategy to UC.
In summary, ��������������������������������������
our present observations suggest that
mucosal SOCS3 expression may play a critical role in the
development of colonic inflammation associated with UC.�
Monitoring of��������
rectal SOCS3
�����������������
expression may
���� be
������������
a useful
means to evaluate progno������������������������
������������������������������
s�����������������������
is of patients with UC.
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INTRODUCTION
Abstract
AIM: To explore whether preoperative chemoradiation
therapy improves survival of patients with pancreatic
cancer undergoing resectional surgery.
METHODS: Forty-seven patients with a malignant
pancreatic tumor localized in the head or uncinate
process of the pancreas underwent radical pancreaticoduodenectomy. Twenty-two received chemoradiation
therapy (gemcitabine and radiation dose 50.4 Gy) before
surgery (CRR) and 25 patients underwent surgery only
(RO). The study was non-randomised. Patients were
identified from a prospective database.
RESULTS: The median survival time was 30.2 mo in the
CRR group and 35.9 mo in the RO group. No statistically
significant differences were found in subclasses according
to lymph node involvement, TNM stages, tumor size, or
perineural invasion. The one, three and five year survival
rates were 81%, 33% and 33%, respectively, in the CRR
group and 72%, 47% and 23%, respectively, in the RO
group. In ductal adenocarcinoma, the median survival
time was 27 mo in the CRR group and 20 mo in the RO
group. No statistically significant differences were found
in the above subclasses. The one, three and five year
survival rates were 79%, 21% and 21%, respectively, in
the CRR group and 64%, 50% and 14%, respectively,
in the RO group. The overall hospital mortality rate was
2%. The morbidity rate was 45% in the CRR group and
32% (NS) in the RO group.
CONCLUSION: Major multicenter randomized studies
are needed to conclusively assess the impact of
neoadjuvant treatment in the management of pancreatic
cancer.
© 2007 The WJG Press. All rights reserved.

Pancreatic carcinoma is the sixth most common cause
of cancer death worldwide. In 2004, 878 new pancreatic
cancers were diagnosed in Finland, and in 2003, 915
patients died of pancreatic cancer (www.cancerregistry.
fi). The prognosis for patients with pancreatic carcinoma
remains extremely poor, with only 0.4% of patients
without surgical treatment surviving five years[1]. Between
1990 and 1996, the Finnish Cancer Registry recorded 4922
pancreatic cancer patients, 89 of whom survived for at
least five years. Reviewing this series of patients revealed
that 45 (49%) of the surviving patients did not have
pancreatic ductal adenocarcinoma (PDAC) and, further, 18
patients had no histological verification of their disease.
In 26 patients recorded as having histologically proven
PDAC, re-evaluation of histological specimens confirmed
PDAC in only 10 patients. Therefore, the five year survival
rate for PDAC was thus far less than 1%[2].
Only 20% of patients with early stage pancreatic
carcinoma are amenable to resection treatment. However,
even then the risk for relapse is high, with only 0% to 24%
of patients surviving for 5 years[3-5]. Yet, surgery is the
only curative treatment for pancreatic cancer. In a recent
study, adjuvant chemotherapy yielded survival benefit after
surgery[6], whereas adjuvant chemoradiotherapy had an
adverse effect on survival[7]. In another study, postoperative
gemcitabine significantly delayed the development of
recurrent disease after complete resection of pancreatic
cancer compared with observation alone, but there was
no difference in overall survival between the adjuvant
chemotherapy with gemcitabine and the observation
group[8].
Neoadjuvant (preoperative) chemoradiation offers several
advantages as compared with adjuvant chemoradiation[9,10]:
(1) radiotherapy is more effective with intact vascularization,
(2) preoperative chemoradiotherapy may reduce cancer
cell seeding during tumor manipulation, (3) the potential
www.wjgnet.com
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retardation of postoperative recovery will not postpone
neoadjuvant therapy, and (4) the effect of neoadjuvant
therapy is identifiable in histopathological examination of
the operative specimen.
In a randomized study, gemcitabine improved survival
in inoperable pancreatic cancer in comparison with
5-fluorouracil (5-FU)[11]. Gemcitabine has also been shown
to exert an effect in 5-FU-refractory pancreatic cancer[12].
We have already reported our first results on gemcitabine
and concomitant irradiation in patients undergoing
pancreaticoduodenectomy for locally advanced pancreatic
cancer [13] . In this study, we compare the outcome of
radically operated patients receiving neoadjuvant therapy
(gemcitabine-radiotherapy) with that of patients surgically
treated without neoadjuvant therapy during same time
period.

MATERIALS AND METHODS
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included the tumor, possible surrounding oedema, and 1
cm margin. The tumor radiation dose in planning target
volume was 50.4 Gy (ICRU). The therapy was given
in 28 fractions of 1.8 Gy per day, five days per week.
The median number of gemcitabine-cycles was 10 and
everyone received the whole planned radiotherapy. During
the study the maximal tolerated dose of gemcitabine was
found to be 50 mg/m2. Dose reduction of gemcitabine
was needed in 65% of patients. Toxicity and tolerance of
concomitant gemcitabine and radiotherapy treatment in
these patients has been reported previously[12].
Following CRT, patients were given a 4-wk break for
recovery of blood counts and nutrition, and new staging
CT and MRI scans were performed.
The CT or MRI criteria for unresecability of tumor
were metastatic disease or tumor encircling the superior
mesenteric artery. Portal vein resection and reconstruction
due to tumor invasion was performed when needed.

The data were collected from 47 consecutive patients
who underwent pancreaticoduodenectomy for cure with
extended lymphadenectomy for pancreatic carcinoma
between January 1999 and January 2002 at the Helsinki
University Central Hospital, Helsinki, Finland.
Among the 47 patients, 22 received chemoradiation
therapy (CRT) before surgery and these patients formed
the chemoradiaton and resection (CRR) group. During the
same period 25 patients were surgically treated without
neoadjuvant therapy forming the resection only (RO)
group. The study was non-randomised. The preoperative
chemoradiotherapy was offered to patients living in the
Helsinki metropolitan area, but patients who lived in
areas further away, where neoadjuvant chemoradiotherapy
was not available were operated on directly without
neoadjuant therapy. The independent, hospital Committee
of Ethics approved the chemoradiation protocol. The
patients received both oral and written information about
the trial and patients signed informed consent forms
before enrollment in the study. Patients were studied
with whole body CT with 2 mm slices, with magnetic
resonance imaging and with endoscopical ultrasound
before the neoadjuvant therapy. Endoscopic retrograde
cholangiopancreatography (ERCP) was performed for all
patients in the CRR group and for 22/25 patients in the
RO group. Percutaneous transhepatic cholangiography
(PTC) was done once in both groups in combination
with ERCP. Insertion of a biliary stent was done when
indicated. A cytological specimen was also obtained using
brush or needle aspiration.

RO
Patients underwent pancreaticoduodenectomy without
neoadjuvant therapy. Preoperative CT and MRI scans were
performed, and a biliary stent was inserted if the patient
was jaundiced.

CRR
The inclusion criteria for neoadjuvant therapy were: (1)
adenocarcinoma located in the head or uncinate process of
the pancreas or in the ampullary region, with a diameter of
less than 5 cm and without evidence of local or metastatic
spread of the disease, (2) WHO performance status less
than 2, (3) good co-operation, and (4) no other malignancy
or serious illness. The radiotherapy dose was constant
whereas gemcitabine was given as a 30-min infusion twice
weekly before irradiation at three dose levels, which were
20, 50 and 100 mg/m2. The targeted irradiation volume

Follow-up
After radical surgery, the patients were followed using a
routine follow-up program. Liver tests and CA19-9 were
measured. Radiological examinations were performed
only if the patients developed symptoms, such as pain or
ascites, or elevation of the CA19-9 value was observed. In
the case of recurrence of the disease, an oncologist was
consulted and the patient was offered chemotherapy.

www.wjgnet.com

Surgical treatment
In both groups, the operation was begun with a diagnostic
laparoscopy to rule out metastatic or locally advanced
disease. Radical pancreaticoduodenectomy was performed
with extended lymphadenectomy and removal of
retroperitoneal tissue. In the case of tumor infiltration into
the portal vein, resection of the vein and reconstruction
with autologous venal graft was performed. All operations
were performed by one of two surgeons, however, the vast
majority of the patients were operated on by surgeon T.K.
Pathological diagnosis
Frozen sections of the resection margins of the pancreas
and common he patic duct were collected during
operations. All specimens were delivered as fresh, the
resection margins were stained and the specimen was fixed
in formalin for 1-2 d. The entire tumor area was sectioned
in 2-3 mm slides. One macro slide was taken from the
largest macroscopically identified tumor area. Lymph
nodes and resection margins were also sectioned. All
tissues were embedded in paraffin and stained according
to the Herovici-van Gieson and Alcian blue-PAS methods.
One pathologist (P.K.) examined all specimens. The tumor
stage was defined according to the AJCC 2002[14].

Statistical analysis
Fishers exact test (F) was used to test differences between
www.wjgnet.com
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Table 1 Patients characteristics. Data shown are number (%)
or median (range)
Characteristic

CRR

RO

P

n
Age
Sex (male)
Tumor site
Head
Body
Tail
Diffuse
Tumor size (mm)
Tumor type
Ampullary cancer
Ductal adenocarcinoma
Cystadenocarcinoma
Invasive IPMT
Tumor stage
ⅠA
ⅠB
ⅡA
ⅡB
Lymph node positive

22
65 (49-83)
13 (59%)

25
63 (43-76)
12 (48%)

NS
NS
NS
NS

20 (91%)

20 (80%)
3 (12%)

2 (9%)
24 (10-41)

2 (8%)
29 (10-150)

4 (18%)
15 (68%)
2 (9%)
1 (5%)

4 (16%)
14 (56%)
4 (16%)
3 (12%)

4 (18%)
4 (18%)
7 (32%)
7 (32%)
7 (32%)

0
5 (20%)
9 (36%)
11 (44%)
11 (44%)

NS
NS

NS

NS

CRR: chemoradiation and resection; RO: resection only.

categorical variables and Student’s t-test or the WilcoxonMann-Whitney test (W) was used to assess differences
between means of continuous variables. Normality of
continuous variables was tested with the KolmogorovSmirnov test. Kaplan-Meier analyses and log rank tests
were used to assess survival. This study was designed to
detect 25 mo increase in median survival time, assuming 20
patients in each group, power of 0.80, significance level of
0.05 and median survival time of 15 mo in the surgically
treated only group. Accrual time was 48 mo and follow-up
time after the end of the recruitment was 48 mo. P < 0.05
was considered statistically significant (NS: not significant).

RESULTS
Clinical data
Of the 47 patients enrolled in the study, 22 (9 females
13 males) belonged to the CRR group. Their mean age
was 65 (49-83) years. 25 patients (13 females and 12
males) belonged to the RO group. Their mean age was
63 (43-76) years. There were no differences between the
groups regarding age and sex, status of lymph nodes,
tumor stage or tumor size. After chemoradiotherapy,
8 patients were judged as inoperable for laparotomy: 4
patients had metastases to the liver, 2 patients had a poor
general condition and 1 patient had a fractured femur and
died from a pulmonary embolism before the operation.
In addition, one patient refused the operation. All these
patients were excluded from the series.
The CRR group included 15 ductal adenocarcinomas,
4 ampullary adenocarcinomas, 2 cystadenocarcinomas and
one invasive malignant intraductal papillary mucinous tumor
(IPMT) of the pancreas. Thirteen patients with ductal
adenocarcinoma were treated by pancreticoduodenectomy.
For two patients, total pancreatectomy was performed due
to positive resection margins after partial resection. One
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portal resection was performed due to tumor invasion to
the portal vein. The two patients with cystadenocarcinoma
were also treated with pancreaticoduodenectomy. In
the patient with IPMT, total pancreaticoduodenectomy
was performed. Ampullary tumors were treated with
pancreaticoduodenectomy.
The RO group included 14 patients with ductal
adenocarcinomas, 4 with ampullary adenocarcinomas, 4 with
cystadenocarcinomas and 3 with invasive malignant IPMTs.
All patients with ductal adenocarcinomas and ampullary
tumors were treated with pancreaticoduodenectomy. One
portal resection was performed due to tumor invasion
to the portal vein. One patient with cystadenocarcinoma
was treated with pancreaticoduodenectomy, and three
patients with total pancreatectomy. One patient with IPMT
underwent pancreaticoduodenectomy. However, after
investigation of the paraffin specimens, an intraluminal
noninvasive component was found close to the resection
border and the operation was completed with total
pancreatectomy six months later. The two remaining patients
with IPMT were treated with pancreaticoduodenectomy.
Table 1 gives the distribution of the stages of tumors for
both groups.
Mortality and morbidity
One patient in the CRR group died of multiorgan failure
on the 43rd postoperative day (overall hospital mortality
rate 2%). In this patient, duodenal perforation with abscess
formation due to a biliary stent was found in the primary
operation. The patient was reoperated on the same day
because of bleeding, and again on the 10th postoperative
day because of leakage of the gastrojejunal anastomosis
and peritonitis.
The overall morbidity rate was 38%. In the CRR
group, ten patients (45%) had complications. There
were five cases of intra-abdominal infections, which
were treated conservatively, and one case of pneumonia.
Intra-abdominal infection was recorded if the CRP had
increased and the broad spectrum antibiotic had been
changed after the 5th postoperative day and pneumonia was
excluded. Two patients suffered from ileus. The central
venous catheter of one patient was accidentally inserted
into the pleural space. In the RO group, eight patients
(32%) had complications. Two patients were reoperated
because of bleeding with gastrointestinal anastomosis.
Three patients had minor wound infections and one had
pneumonia. In one patient, rupture of the intima of the
common hepatic artery was suspected due to lack of
pulse and immediate reconstruction with venous graft
was performed. One patient suffered a stroke during
the postoperative convalescence period. Information on
complications is presented in Table 2.
The length of hospital stay was 15 ± 1.6 d (mean +SE)
in the CRR group and 11.8 ± 0.9 d (NS) in the RO group.
Blood loss during operation was 2200 ± 300 mL (range
700-4300 mL) in the CRR group and 2400 ± 400 mL (range
300-8500 mL; NS) in the RO group.
Survival
Survival rates were calculated for all types of pancreatic
cancers and for the subgroups of ductal adenocarcinoma.
www.wjgnet.com
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Table 2 Complications

Infection
Wound infection/prolonged antibiotic therapy
Pneumonia
Ileus/delayed gastric emptying
Postoperative bleeding and reoperation
Postoperative intestinal haemorraghia: no reoperation
Central venous catheter in pleural place
Stroke during the postoperative time
Vascular injury: occlusion of hepatic artery: immediate
reconstruction
Reoperation: broken drain
Leakage of gastroenteral anastomosis
Death
Complicated patients rate

CRR

RO

1,2

1

5
1
2
2
1
1
1
0
0
1

1
2
1
2
1
10/22

3
1
0
2
1
0
1
1
1
0
0
0
8/25

A

100

Cumulative survival (%)
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80

Ductal adenocarcinoma
T he median sur vival time was 27.00 mo (95% CI
5.55-48.45) in the CRR group (n = 15) and 20.20 (95%
CI 0-52) in the RO group (n = 14, Table 3). The 1-year
survival rate was 78.6% ± 11.0 in the CCR group and
64.3 % ± 12.8 in the RO group. The respective 3-year
survival rates were 21.4% ± 11.0 and 50.0% ± 13.4 and
www.wjgnet.com
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24
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36
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7
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7
6
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60
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4
4
Ductal, RO
Ductal, CRR
Censored

80
Cumulative survival (%)

T h e m ed i a n s u r v iva l t i m e wa s 3 0 . 2 m o ( 9 5 % C I
25.46-34.94) in the CRR group (n = 22), and 35.9 mo (95%
CI 10.51-61.29) in the RO group (n = 25). No statistical
differences were found by log Rank analyses. 1-y survival
was 81% ± 8.6 (SE) in the CRR group and 72% ± 9.0 in
the RO group, 3-year survival rates were 33 ± 10 and 47%
± 10 and 5 year survival rates were 33% ± 10.3 and 23% ±
9.0, respectively (Figure 1A).
The median survival time of LN negative patients
in the CRR g roup (n = 15) was 30.2 mo (95% CI
17.98-42.42), and in the RO group (n = 14) 37.4 mo (95%
CI 7.79-67). The respective values of LN positive patients
in the CRR group (n = 7) were 27.0 mo (95% CI 0.0-55.2),
and in LN positive patients in the RO group (n = 11) 20.7
mo (95% CI 6.75-34.65). The 1-year survival rate for LN
negative patients was 79% ± 11 in the CRR group and
79% ± 11.0 in the RO group, 3-year survival rates were
43% ± 13.2 and 57% ± 13.2, and 5-year survival rates
were 43% ± 13.2 and 41% ± 13.6, respectively. In LN
positive patients, the 1-year survival rate was 86% ± 13.2
in the CRR group and 64% ± 14.5 in the RO group, 3-year
survival rates were 14% ± 13.2 and 33% ± 15 and 5-year
survival rates were and 14% ± 13.2 and 0%, respectively.
There were no significant differences between the groups
(Figure 2). Median survival times for different cancers are
given in Table 3.
When the CRR and RO groups were divided according
T classes (T1, T2, and T3), no statistical differences were
revealed between the groups (data not shown).
The survival calculations were also made according to
tumor size, tumor stage and perineural invasion, but no
statistically significant differences between the CRR and
RO groups were found in these subgroups.

Number 21
RO
CRR
Censored

T/mo
CRR
RO

1 or 2 same patient; CRR = chemoradiation and resection; RO = resection
only.
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Figure 1 A: Survival rates of all pancreatic cancers; B: Survival rates of ductal
adenocarcinomas. CRR: chemoradiation and resection; RO: resection only.

5-year survival rates were 21.4% ± 11 and 14.3 % ± 9.4.
No statistical differences were found between the groups.
(Figure 1B).
No difference was found between the CRR and RO
groups regarding lymph node status. The median survival
time of LN negative patients in the CRR group (n = 8)
was 30.2 mo (95% CI 9.94-50.46) and in the RO group
(n = 9) 20.2 mo (95% CI 19.62-20.78) (Figure 2B). The
median survival time of LN positive patients in the CRR
group (n = 7) was 27.0 mo (95% CI 0.00-55.23) and in
the RO group (n = 5) the median survival time was 38.8
mo (95% CI 0.00-110.51). The 1-year survival rates in LN
negative patients were 71% in the CRR group and 67%
in the RO group, 3-year survival rates were 29% and 44%
and 5-year survival rates were 29% and 22%, respectively.
In LN positive patients, the rates were 86% vs 60%, 14% vs
60% and 14% vs 0%, respectively. There were no statistical
differences between the groups (Figure 3).
Survival calculations were also made according to
tumor size, perineural invasion and tumor stage, but no
statistical differences were found between the CRR and
RO groups for any subgroup.
At the end of the follow up, two patients with ductal
adenocarcinoma in the CRR group were disease free. Their
follow up times were 71 and 57 mo and tumor stages
were T1N0M0 and T3N0M0, respectively. One patient
(T3N1M0) was followed 71 mo and recurrence of disease
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Figure 2 Survival rates of pancreatic cancers. A: with nodal involvement; B:
without nodal involvement. CRR: chemoradiation and resection; RO: resection
only; LN: lymph node.

Table 3 Median survival time in different cancers
CRR median months
All cancers
LNN negative
LNN positive
Ductal adenocancers
LNN negative
LNN positive
Ampullar cancers
Cystadenocancers

RO median months
(95% CI)
(95% CI)
30.2 (25.5, 34.9)
35.9 (10.5, 61.3)
30.2 (17.9, 42.4)
37.4 (7.8, 6.7)
27.0 (0, 55.2)
20.7 (16.7, 34.6)
27.0 (5.5, 48.4)
20.2 (0, 52.0)
30.0 (9.9, 50.5)
20.2 (19.6, 20.3)
27.0 (0, 55.2)
39.0 (0, 110.5)
39.4 (5.9, 72.8)
20.7 (00, 48.2)

CRR: chemoradiation and resection, RO: resection only; LN: lymph node.

was detected two months before the end of follow-up.
Two of the 14 patients with ductal adenocarcinoma in the
RO group were alive, but only one was disease free (follow
up 53 mo, T2N0M0). The other (T3N0M0) had local
recurrence at 46 mo with the total follow up time being 61
mo.
Patients with adenocarcinoma originating from the
ampullary region had a median survival time of 39.4 mo
(95% CI 5.95-72.85). In this group, the one year survival
rate was 88%, the three year survival rate was 60% and

B
Cumulative survival (%)

Cumulative survival (%)

0
7
11

0

12

24

36

48

60

t /mo

t /mo
Lnn +
CRR
RO

B

Ductal LN pos, RO
Ductal LN pos, CRR
Censored

80

80

0

100

0
7
5

12
6
3

24
4
3

36
1
3

48
1
1

60
1
0

Ductal LN neg, RO
Ductal LN neg, CRR
Censored

100
80
60
40
20
0

0

12

24

36

48

60

t /mo
Lnn CRR
RO

0
8
9

12
5
6

24
4
4

36
2
4

48
2
2

60
1
1

Figure 3 Survival rates of ductal adenocarcinomas. A: with nodal involvement;
B: without nodal involvement. CRR: chemoradiation and resection; RO: resection
only; LN: lymph node.

the five year survival rate was 45%. In patients with
cystadenocarcinoma (n = 6), the median survival time was
20.70 (95% CI 0.0-48.2), and the one year survival rate was
83%, the three year survival rate was 33%, and the five
year survival rate was 33%.

DISCUSSION
In the present study, the survival time for pancreatic
cancer treated by surgery only is comparable to earlier
reports [15-18]. We did not show, however, any statistical
survival benefit with preoperative chemoradiation therapy.
Although chemoradiation is associated with improved
overall survival in locally advanced disease, it rarely leads
to surgical “downstaging” with consequent potential
curative pancreatic resection [18]. In both groups, more
than 70% (73% in the CRR group and 71% in the RO
group) of the tumors were T3 tumors, i.e. locally advanced
tumors, which extend beyond the pancreatic capsule,
but do not involve the celiac axis or superior mesenteric
artery. In patients with ductal adenocarcinoma, the median
survival time in the CRR group (27 mo) was clearly longer
than that in the RO group (20 mo), however again, the
difference was not statistically significant, perhaps because
www.wjgnet.com
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of the small number of patients. On the other hand, when
all cancers were included, neoadjuvant chemoradiation
seemed to shorten, albeit not significantly, the survival
time (30 vs 36 mo).
We reported earlier acceptable toxicity for preoperative
twice-weekly gemcitabine and concomitant irradiation
therapy [13] . Others have re por ted late toxicity in
some patients receiving a neoadjuvant gemcitabineradiotherapy[20,21] regimen, and the finding that gemcitabine
increases radiosensitivity of both normal and malignant
tissue, including pancreatic cancer, has also been
reported[22-24].
Preoperative chemoradiation therapy seemed to lengthen
hospital stay after the operation, but the difference was not
statistically significant. The rate of complications due to
infection was similar, but the infections in the RO group
were only minor wound infections, whereas in the CRR
group there were five cases of abdominal sepsis and one
case of pneumonia, which were treated by antibiotics. This
suggests that preoperative chemoradiation therapy may
enhance susceptibility to infection. The length of time
to carry endobiliary stents was significantly longer in the
CRR group than in the RO group, which might predispose
to infection, although any major disadvantages of biliary
drainage have not been reported[25-28]. Only one patient
died of complications after pancreaticoduodenectomy.
The trig ger for this complication was doubtlessly
perforation of the duodenal wall by the biliary stent into
the retroperitoneal space with resultant abscess formation.
Although the neoadjuvant therapy was generally welltolerated [13], the patients might have been more fragile
and susceptible to complications, with compromised
postoperative capacity to recovery.
After operation, no adjuvant therapy was given, but if
a recurrence was found, the possibility of chemotherapy
or systemic oncological treatment was offered and the
patients also consented. The possible effect of the
oncological therapy after relapse was not documented.
White et al[29] reported a median survival time of 23 mo
after neoadjuvant (5-fluorouracil and radiation) therapy and
a 3-year survival rate of 37% (n = 70) and an estimated
5-year survival rate of 23%. These figures are rather
similar to our results of 27 mo and 20%. Breslin et al[30]
reported a 21 mo survival time (5-fluorouracil, paclitaxel,
or gemcitabine and radiation therapy; n = 132), but the
median follow up time was only 14 mo. We followed our
patients from 48 to 72 mo.
To our knowledge, the present study is the only one in
which chemoradiaton neoadjuvant therapy is compared to
operation only without neoadjuvant therapy, performed by
the same two surgeons during the same period of time. No
benefit of neoadjuvat therapy was observed in this study.
The behavior and prognosis of pancreatic malignancies
varies and it is most important to know the histological
diagnosis of tumors when the results are reported.
Therefore, in our study, a reliable survival time could only
be reported for ductal adenocarcinomas. The other groups
(ampullary carcinomas, cystadenocarcinomas and IMPT)
were too small for accurate and reliable calculations.
The weakness of this study was its unrandomized
nature. However, the groups were analyzed and patients
www.wjgnet.com
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with ductal adenocarcinoma did not differ regarding
tumor size, age, lymph node involvement, perineural
invasion, or sex. The surgical team was the same and the
patients were operated on during the same period of time.
Also, the number of patients was too small for definitive
conclusions. Consequently, major multicenter randomized
studies are needed to assess conclusively the impact of
neoadjuvant treatment in the management of pancreatic
cancer.
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Abstract

© 2007 The WJG Press. All rights reserved.

AIM: To investigate the efficacy of transcatheter
embolization/chemoembolization (TAE/TACE) in cirrhotic
patients with single hepatocellular carcinoma (HCC) not
suitable for surgical resection and percutaneous ablation
therapy.

Key words: Transcatheter embolization/chemoembolization; Hepatocellular carcinoma

METHODS: A cohort of 176 consecutive cirrhotic
p a t i e n t s w i t h s i n g l e H C C u n d e r g o i n g TA E / TA C E
was reviewed; 162 patients had at least one image
examination (helical CT scan or triphasic contrastenhanced MRI) after treatment and were included into
the study. TAE was performed with Lipiodol followed
by Gelfoam embolization; TACE was performed with
Farmorubicin prepared in sterile drip at a dose of 50
2
mg/m , infused over 30 min using a peristaltic pump,
and followed by Lipiodol and Gelfoam embolization.
RESULTS: Patients characteristics were: mean age, 62
years; male/female 117/45; Child-Pugh score 6.2 ± 1.1;
MELD 8.7 ± 2.3; mean HCC size, 3.6 (range 1.0-12.0)
cm. HCC size class was ≤ 2.0 cm, n = 51; 2.1-3.0 cm,
n = 35; 3.1-4.0 cm, n = 29; 4.1-5.0 cm, n = 22; 5.1-6.0
cm, n = 11; and > 6.0 cm, n = 14. Patients received a
total of 368 TAE/TACE (mean 2.4 ± 1.7). Complete tumor
necrosis was obtained in 94 patients (58%), massive
(90%-99%) necrosis in 16 patients (10%), partial
(50%-89%) necrosis in 18 patients (11%) and poor (<
50%) necrosis in the remaining 34 patients (21%). The
rate of complete necrosis according to the HCC size class
was: 69%, 69%, 52%, 68%, 50% and, 13% for lesions
of ≤ 2.0, 2.1-3.0, 3.1-4.0, 4.1-5.0, 5.1-6.0, and > 6.0
cm, respectively. Kaplan-Mayer survival at 24-mo was
88%, 68%, 59%, 59%, 45%, and 53% for lesions of
≤ 2.0, 2.1-3.0, 3.1-4.0, 4.1-5.0, 5.1-6.0, and > 6.0 cm,
www.wjgnet.com

CONCLUSION: Our study showed that in cirrhotic
patients with single HCC smaller than 6.0 cm, TAE/TACE
produces complete local control of tumor in a significant
proportion of patients. TAE/TACE is an effective
therapeutic option in patients with single HCC not
suitable for surgical resection or percutaneous ablation
therapies. Further studies should investigate if the new
available embolization agents or drug eluting beads may
improve the effect on tumor necrosis.
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INTRODUCTION
The intra-arterial treatment using transarterial chemoembolization (TACE), transarterial oily chemoembolization
(TOCE) and transar terial embolization (TAE) is
considered a palliative therapy for multifocal HCC not
suitable for surgical resection or percutaneous ablation
therapies[1-3]. Recent meta-analysis showed an improvement
of overall survival in patients with well preserved liver
function treated with intra-arterial treatment [4,5]. The
efficacy of intra-arterial treatment in patients with single
HCC is not well defined. The aim of this study was to
evaluate the efficacy of intra-arterial therapy in a large
series of cirrhotic patients with single HCC.

MATERIALS AND METHODS
This study is a retrospective cohort study based on the
analysis of 176 consecutive cirrhotic patients with single
HCC, treated with intra-arterial therapy and evaluated with
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follow-up imaging at a single transplant centre. One hundred
and sixty-two patients had at least one image examination
(helical CT scan or triphasic contrast-enhanced MRI) after
treatment and were included into the study. Diagnosis of
HCC was based on radiological findings, alfa-fetoprotein
level and biopsy according to the Barcelona criteria[6]. The
mean age (range) of patients were 62 (35-80) years, male
to female ratio was 117/45, the Child-Pugg score (mean ±
SD) was 6.1 ± 1.1, MELD score (mean ± SD) was 8.7 ±
2.3, Mean diameter of HCC was 3.6 (1.0-12) cm, number of
HCC in the right lobe/left lobe was 133/29.
Informed consent was not specifically required for the
study, although written informed consent was obtained for
every diagnostic and interventional radiology procedure.
Intra-arterial treatment was performed in patients
with single non-resectable HCC and contraindications
to radiofrequency thermal ablation (RFA). In our centre,
contraindications to RFA are the: (1) size of the lesion
that is greater than 4 cm, (2) lesion near to vital organs
as gallbladder, stomach, and colon, (3) lesion adjacent to
a big portal or hepatic vein branches at risk of bleeding,
(4) subphrenic lesion not easily accessible for RFA and
(5) lesion in subcapsular position at high risk of tumor
seeding[7].
Inclusion criteria for intra-arterial treatments of HCC
are as follows: Absence of extrahepatic tumor; HCC <
50% of hepatic volume; absence of complete thrombosis
of main portal vein; transaminases < 300 U/L, serum
bilirubin < 0.3 mg/L; serum creatinine < 0.18 mg/L;
white blood cell > 2.5 × 103/μL; platelets > 35 × 103/μL;
no refractory ascites; performance status < 3.
Exclusion criteria for intra-arterial treatments of
HCC are as follows: extrahepatic tumor spread; ascites
not controlled by diuretics; encephalopathy; active or
recent (4 wk) gastrointestinal bleeding; biliary obstruction;
severe debilitation; active infection or sepsis; pregnancy;
failure (ejection fraction less than 50%); severe pulmonary
dysfunction; serum creatinine > 0.2 mg/L; serum bilirubin
> 0.3 mg/L; Hb level < 8 g/dL; White blood cells < 2.5 ×
103/μL; platelets < 35 × 105/μL.
The intra-arterial treatments were perfor med by
two radiologists with 15 and 5 years of experience in
interventional radiology, respectively. TACE was performed
using Epirubicine at a dose of 50 mg/m2 of body surface;
the dose was reduced to 50% if serum bilirubin level
was > 0.12 mg/L and < 0.2 mg/L and/or white blood
cell count (WBC) was 3-4 × 103/μL; a dose reduction to
25% was performed if bilirubin was > 0.2 mg/L and/
or WBC 2.5-3 × 10 3/ μ L. Epirubicine was prepared in
sterile drip and infused over 30 min using a peristaltic
pump. Afterwards, the embolization was performed
using Gelfoam (Pfitzer, Belgium) till a stagnation flow
was visualized at the fluoroscopy. In patients with good
liver function and superselective catherization of the
hepatic artery, 2-10 mL of Lipiodol (Lipiodol Ultrafluid,
Guebert, Italy) were infused, by hand, before the Gelfoam
embolization (TOCE). No chemotherapeutic agent (TAE)
was used in presence of WBC less than 2.5 × 103/μL,
previous episodes of neutropenia (< 500/mL), positive
HBsAg and HBV DNA[8] and ejection fraction ≤ 45%. In
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these patients the treatment was performed using Lipiodol
and/or Gelfoam. Superselective catheterization of the
artery supplying the lesion was performed whenever
possible. In the other cases the treatment was performed in
the branch of the right hepatic artery or in the branch of
the left hepatic artery supplying the lesion. Discharge from
the hospital was the day after the procedure. The intraarterial treatment was repeated every 6-12 wk according
to the tumor response based on the CT follow-up imaging
and on clinical assessment.
All CT scan studies were performed with a 16-slice
multidetector CT (Light speed, General Electric Medical
Systems, USA) 4-6 wk after the intra-arterial treatment.
Images of the liver were acquired in cranium-caudal
direction, during a single breath-hold acquisition, with
slice thickness 1.25 mm, collimation 2.5 mm and table
speed 7.5 mm per gantry rotation. Quadruple-phases
protocol was used (unenhanced phase, arterial phase,
portal venous phase and late phase). Iopromide (Ultravist
370 mg I/L, Schering, Germany) contrast was injected,
using a power injector (Stellant 2, Medrad) with a dose
of 1.8 mL/kg of body weight at a rate of 5 mL/s. If
the ser um creatinine was > 0.15 mg/L, Iodixanolo
(Visipaque 320 mg I/L, Amersham Healt, Italy) was used
as contrast medium. Before the study, patients received
500 mL of water as oral contrast agent. The test bolus
technique (10 mL of contrast material at 5 mL/s) was
used to calculate the correct time of the arterial phase.
Arterial scanning was performed with a delay of 8 s from
the peak time of the aortic enhancement obtained at the
celiac axis level. The portal venous phase andlate phase
acquisitions were performed after 60 s and 180 s from
the beginning of contrast injection, respectively. Imaging
analysis was performed by three radiologists experienced
in liver imaging. The presence of arterial enhancement
at the CT imaging was considered as viable tumor. In
patients that underwent TOCE, the complete necrosis was
considered only if the lesion had homogeneous Lipiodol
uptake without contrast enhancement in arterial phase. In
case of an unclear result, MRI studies with gadobenate
dimeglumine (Gd-BOPTA), using a 1.5T MR Scan (General
Electric Medical Systems, USA) was performed. The
efficacy of intra-arterial treatment was defined according
to the amount of tumor necrosis valuable on CT followup imaging and following the WHO recommendations[9]:
complete response was defined the absence of any
contrast enhancement in arterial phase, massive response
as a necrosis involving 90%-99% of the lesion, partial
response as a necrosis involving 50%-89% of the lesion,
and poor response as a necrosis involving less than 50%
of the lesion.
Patients were followed up monthly in outpatient clinics.
We considered a complication due to the treatment if it
occurred within 6 wk from TAE/TACE.
Statistical analysis
All analyses were performed with SPSS program. The
results are expressed as mean ± SD. Survival curves were
modeled using the Kaplan-Meier method.
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Table 2 Kaplan-Meier survival analysis according to the size of
HCC

Size of
HCC
(cm)

n

Complete
necrosis
(% of patients)

Number of
treatments
(mean ± SD)

Size of
HCC (cm)

12 mo
survival (%)

24 mo
survival (%)

36 mo
survival (%)

≤ 2.0

51
35
29
22
11
14

69
69
52
68
50
13

2.0 ± 1.5
2.2 ± 1.7
2.7 ± 2.0
2.8 ± 1.6
2.0 ± 1.3
3.3 ± 2.1

≤ 2.0

2.1-3.0
3.1-4.0
4.1-5.0
5.1-6.0
> 6.0

87
85
72
88
78
77

87
67
58
59
45
53

79
54
50
49
30
26

2.1-3.0
3.1-4.0
4.1-5.0
5.1-6.0
> 6.0

RESULTS
Patients received a total of 368 sessions of TAE/TACE.
The mean number of treatment sessions was 2.4 ± 1.7
per patient, range 1-9. In 69 (43%) of 162 patients a single
procedure was sufficient to induce a complete tumor
necrosis. Technical success was achieved in all the TAE/
TACE performed. No major, life-threatening complications
occurred without any perioperative mortality. As minor,
reversible, complications 3 (1.8%) of 162 patients had
transitory neutropenia (< 0.5 × 10 3/ μ L), 2 (1.2%) of
162 patients had partial dissection of intrahepatic artery
and 4 (2.4%) of 162 patients had a transitory liver failure
(defined as occurrence of encephalopathy, ascites,
increased bilirubin level and/or coagulopaty). The results
of treatments on HCC necrosis are summarized in
Table 1. On imaging analysis overall complete necrosis
was obtained in 94 lesions (58%), massive necrosis was
obtained in 16 lesions (10%), partial necrosis was obtained
in 18 lesions (11%), and poor necrosis was obtained in the
remaining 34 lesions (21%). According to the size of HCC
complete necrosis was obtained in 69% of lesions ≤ 2.0
cm, 69% of lesions between 2.1-3.0 cm, 52% of lesions
between 3.1-4.0 cm, 68% of lesions between 4.1-5.0 cm,
50% in lesions between 5.1-6.0 cm and 13% in lesions > 6
cm. The cumulative survival rates were 81%, 61% and 48%
at 12, 24 and 36 mo respectively. Table 2 shows KaplanMeier survival analysis according to the size of HCC.
The survival rates at 12, 24 and 36 mo were respectively:
87%, 87% and 79% for lesions ≤ 2.0 cm, 85%, 67% and
54% for lesions between 2.1-3.0 cm, 72%, 58% and 50%
for lesions between 3.1-4.0 cm, 88%, 59% and 49% for
lesions between 4.1-5.0 cm, 78%, 45% and 30% for lesions
between 5.1-6.0 cm, 77%, 53% and 26% for lesions > 6 cm.

DISCUSSION
HCC is the fifth most common cancer worldwide.
Surgical therapy, as a curative option, is indicated only
in patients with single HCC without portal hypertension
and preserved liver function [1] . Hepatic resection of
HCC in patients with cir rhosis is associated with
significant perioperative mortality and morbidity [10,11].
Cirrhotic patients with non-resectable HCC have a poor
prognosis influenced by hepatic reserve function and
tumor staging. TAE/TACE are the most used treatment
for HCC, which are non-resectable or that can not be
treated with percutaneous interventions, with proven
www.wjgnet.com

improvement on survival in selected patient with well
preserved liver function[4,5] Progression of HCC is related
to neoangiogenic activity. Rationale for intra-arterial
treatments for HCC is the almost complete arterial blood
supply of the tumor (90%-100%) compared to normal
liver parenchyma where the arterial flow is only 25%
and the portal flow is responsible of the 75% of the
inflow[12]. The goal of TAE/TACE is to deliver a high
dose of chemotherapeutic drug and/or embolizing agent
in the HCC, causing tumor necrosis and tumor control,
preserving as much normal liver parenchyma. TAE/TACE is
considered a palliative therapy for multifocal HCC but the
efficacy in patients with single HCC is not well defined. It
has been reported by Liem et al[13] that morbidity, mortality
and short-term and intermediate-term survival data after
TACE for HCC eligible for radiofrequency ablation are
comparable to those reported after radiofrequency ablation
in literature. In our series of patients, in 94 patients
(58%) a complete necrosis was achieved. Interestingly,
According to the lesion size, complete necrosis was
achieved in 68% of patients with lesion between 4.1-5.0
cm and in 50% of patients with lesion between 5.1-6.0
cm, a very poor rate of complete response, 13%, was
obtained in lesions > 6 cm. Livraghi et al [14] report a
complete necrosis after radiofrequency ablation, detected
by computed tomography follow-up, in 71% of cases
with non-infiltrating HCC between 3.1-5.0 cm in diameter
and in 25% of lesions > 5 cm. Cabassa et al[15] report a
complete necrosis after radiofrequency ablation, detected
by computed tomography follow-up, in 53% of lesions
between 3.1-5.0 cm and in 20% of lesions > 5 cm. Our
results after TAE/TACE in medium size, single, HCC in
causing tumor necrosis are comparable to data reported
after radiofrequency ablation, in same size lesions, by
Livraghi and Cabassa.
Our data on survival are similar to data reported by
Takayasu et al[16] in a recent large, prospective, cohort study
of transarterial chemoembolization for non-resectable
HCC, the cumulative survival rate of 3648 patients with
single HCC was 87% at one year and 57% at 3 years;
according to tumor size the survival reported was 83% at
one year and 43% at 3 years for lesions between 3.0-5.0 cm
and 63% at one year and 30% at 3 years for lesions > 5
cm. Our data on overall survival rate are also comparable
with data reported by Teh et al[10] who reports an overall
sur vival rate of patients with cirrhosis undergoing
hepatic resection of 50% at 3 years but with a reported
perioperative mortality of 16%. In a recent paper of
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Benzoni et al[11], 7% of perioperative mortality and 47%
of postoperative morbidity (including the rising of ascites,
hepatic insufficiency, biliary fistulas, hepatic abscess,
hemoperitoneum and pleural effusion) is reported after
hepatic resection for HCC in cirrhotic patients.
The absence of major complication and the low rate
of minor complication of our study could be explained
by an accurate clinical patients’ selection. In fact no
patient with Child Pugg class C was treated. The use of
segmental or subsegmental treatments is in our opinion
mandatory, limiting the injury to the surrounding nontumoral parenchyma and reducing the adverse effects of
single or repeated intra-arterial treatments on liver function
as reported in previous studies[17,18]. At the same time the
systematic use of micro-catheters to selectively catheterize
the feeding artery of the lesion increases the amount of
chemotherapeutic drug and/or of embolizing agents in
the target HCC increasing the amount of necrosis. Super
selective treatment should be recommended especially in
patients with Child Pugg class B or MELD score ≥ 9.
The use and dosage of Epirubicine not with a fixed
dose but according to patients’ body surface, severity of
liver disease and white blood cells count could have an
important rule in the low incidence of complications
reported. All Patients received antibiotic prophylaxis
before TAE/TACE and no cases of sepsis or hepatic
abscesses happened in the follow up. Patients were well
hydrated before and after procedure to avoid renal injuries.
If creatinine was > 0.15 mg/L, a less nephrotoxic contrast
dye was used for intra-arterial treatments and for CT scan
and no cases of renal impairment were recorded.
The use of more efficient chemotherapeutic drug and
embolizing agents, associated with systematic selective
catheterization of the feeding artery with micro-catheter,
could further improve our results. As limitation of our
study we did not analyze the relationship between the
dosage of chemotherapeutic drug used and the dose
of the Lipiodol used with the tumoral necrosis and the
survival rate obtained because in our protocol the dosages
of Epirubicine and Lipiodol used were not fixed, but
dependent on clinical characteristic of the patient the same
day of the procedure, so in the same patient it was possible
to have different dosages of chemotherapeutic drug and
Lipiodol in repeated treatments.
In conclusion our study showed that in cirrhotic
patients with single HCC ≤ 6 cm, TAE/TACE can
be considerate a safe and effective therapeutic option
producing complete local control of tumor in a significant
proportion of patients. In single HCC between 3 and 5 cm
the effect on necrosis induced by intra-arterial treatments
is not different from the data reported using RFA.
Accurate patients’ selection and factors procedure-related
(use of micro-catheters, selective treatments, sterile drip
for cytotoxic drug and antibiotic prophylaxis) reduce the
possible complications increasing tumor necrosis. At our
opinion an important aspect is the needs to standardize
the dose of cytotoxic drug on the basis of the clinical
characteristics of the patients to avoid liver failure.
Further studies should investigate if the new available
embolization agents or drug eluting beads may improve
the effect on tumor necrosis.
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Abstract
AIM: To identify the frequency of iron overload and
study the three mutations in the HFE gene (C282Y,
H63D, and S65C) in patients with chronic liver disorders
(CLD) and controls.
METHODS: To identify patients with iron overload
(transferrin saturation > 45% in females and > 50% in
males and serum ferritin > 1000 ng/mL) we evaluated
236 patients with CLD, including 59 with non-alcoholic
steatohepatitis (NASH), 22 with alcoholic liver disease
(ALD), 19 of cirrhosis due to viruses (HBV, HCV), and
136 with cryptogenic cirrhosis. Mutations of the HFE
gene were analyzed by PCR-RE. hundred controls were
screened for iron status and the mutations.
RESULTS: Seventeen patients with CLD showed
evidence of iron overload. Fifteen cases of iron overload
had cryptogenic cirrhosis and two had ALD. None of
the controls showed iron overload. We did not find any
individual with 282Y or 65C either in the cases or in the
controls. The prevalence of H63D heterozygosity was
12% in normal individuals, 14.8% in 236 patients (16.9%
in NASH, 13.6% in ALD, 26.3% in viral and 12.5% in
cryptogenic cirrhosis) and the overall prevalence was
13.98%. Only two of the 17 patients with primary iron
overload were heterozygous for H63D. One patient with
NASH and one normal individual who were homozygous
for H63D showed no iron overload.
www.wjgnet.com

INTRODUCTION
Hereditary hemochromatosis (HH) is one of the most
common genetic disorders encountered in the Northern
European population. Its inheritance is autosomal recessive
and results in disordered iron metabolism leading to
enhanced iron absorption and progressive iron deposition
in parenchymal organs, most notably in liver [1]. Excess
iron may cause damage to parenchymal organs, with an
increased risk of developing diabetes mellitus, arthropathy,
liver cirrhosis and ultimately hepatocellular carcinoma[2,3].
The HFE gene encodes a protein, which is highly similar
to HLA class 1 molecules. Two missense mutations (C282Y,
H63D) have been described on the HFE gene in patients
suffering from HH on the basis of phenotypic data. The
predominant mutation in the Caucasians, C282Y, is a G-A
transition at nucleotide 845 of the open reading frame that
changes the amino acid cysteine to tyrosine[4].
H63D is a C-G transition at nucleotide 187 of the
HFE gene which results in a histidine to aspartic acid
substitution. It has been found to be present with a
frequency of 3.3%-15.2% in the general population
across the world[5-7]. A third mutation in the HFE gene,
S65C, has been found in eight French HH patients [7].
However, its clinical importance remains controversial
as the S65C variant is associated with increased percent
transferrin saturation in healthy Canadian blood donors.
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The allelic frequency of S65C is 0.6%-1.95% in Caucasian
population[8].
There are only a few studies from India on the
frequency of the known HFE gene mutations [9-12]. We
attempted to study the prevalence of these mutations in
patients with various liver disorders and healthy controls.
We also determined the frequency of primary iron over
load in patients with various liver disorders.

MATERIALS AND METHODS
A prospective study was undertaken in the Department
of Haematology of the Postgraduate Institute Medical
Education & Research, Chandigarh, a referral hospital
in North India by studying cases of chronic liver disease
(CLD) from the Hepatology Department, for identifying
subjects with primary iron overload based on iron studies
and liver biopsy wherever possible.
hundred controls were screened for iron status and the
three known HFE gene mutations, namely C282Y, H63D
and S65C. The controls were unrelated individuals from
the indigenous population of north India without any
disease or biochemical abnormality and willing to enter
the study. Two hundred and thirty-six patients with various
types of liver disorders were screened for iron status,
including 59 cases of non-alcoholic steatoheptitis (NASH),
22 cases of alcoholic liver disease (ALD), 19 cases of
cirrhosis due to viral etiology (HBV, HCV), and 136 cases
of cryptogenic cirrhosis.
Collection of samples
A complete history was taken with special emphasis on
the duration of illness, disease activity, and complications
such as loss of blood. The patients were excluded if
they had a history of multiple blood transfusions and
hemoglobinopathy or if they were on iron supplements.
Overnight fasting blood samples were collected for iron
study, 6-8 mL blood sample was taken in iron free tube
and 5 mL was taken in liquid EDTA for DNA extraction.
Institutional ethical clearance and informed consent from
all the patients and controls were obtained for the study.
Iron studies
Serum iron and total iron binding capacity (TIBC) were
measured by the colorimetric method with ferrozine
chromogen as described by Dacie et al[13] and percentage
transferrin saturation was calculated. Serum ferritin was
measured using an enzyme immunoassay kit (Orgentec
diagnotika GmbH, Germany). Percentage transferrin
saturation (%TS) of > 55% in males and postmenopausal
females and > 45% in premenopausal females, serum
ferritin > 1000 μg/mL were taken as biochemical criteria
for the diagnosis of primary iron overload. Liver biopsy
was performed for confirmation of parenchymal iron
overload by haematoxylin and eosin stain and Perls
Prussian blue stain.
DNA analysis
Genomic DNA was extracted from the peripheral blood
leucocytes by standard phenol chloroform method. HFE
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Table 1 Prevalence and allelic frequencies of the H63D
mutation in controls and chronic liver disorder patients
Group
Controls (n = 100)
Cryptogenic (n = 136)
NASH (n =59)
Viral (n = 19)
ALD (n = 22)
Total (n = 336)

-/88
119
49
14
19
289
  

Prevalence
-/+
+/+
11
1
17
0
9
1
5
0
3
0
45
2

Allele frequency
%
12
12.5
16.9
26.3
13.6
13.98

6.5
6.2
9.3
13.1
6.8
7.29

gene mutations (C282Y, H63D and S65C) were determined
by specific polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) as described
previously [4,7]. The PCR products were digested with
restriction enzymes Rsa-Ⅰ, Bcl-Ⅰand Hinf-Ⅰto identify
the C282Y, H63D and S65C variants respectively[4,7].

RESULTS
No case of iron overload was encountered in the 100
controls (58 males and 42 females). Iron deficiency was
found in 26 individuals, of them six were males (10.3%)
and 20 (47.6%) were females. Two hundred and thirtysix patients with liver disorder were analyzed for iron
parameters, namely percentage transferrin saturation (%TS)
and serum ferritin as well as the HFE genotypes, namely,
C282Y, H63D and S65C. Out of the 236 chronic liver
disease patients, 17 showed biochemical iron overload.
The clinical features of the 17 cases were consistent with
a diagnosis of primary iron overload. Fifteen out of the
seventeen patients had cryptogenic cirrhosis and two
had alcoholic cirrhosis. The overall percentage of iron
overload in cryptogenic cirrhosis was 11% (15/136). Four
patients presented with associated diabetes mellitus. A
positive family history with more than one family member
affected was found in only one patient. Liver biopsy could
be performed in 12 cases and could not be carried out in 5
cases because of their low platelet counts. All the biopsies
showed 3+ to 4+ parenchymal deposition of iron on
Perls’ staining. There were 14 males and 3 females (M:F =
4.6:1) and the mean age of the males was 48 years and that
of the 3 females was 68, 54 and 49 years, respectively.
All the controls and patient group were detected to
have the wild type of C282Y and S65C. Hundred normal
controls showed the prevalence of H63D (11 individuals
were heterozygous and one individual was homozygous).
Out of the 236 patients with liver disorders, 34 were
heterozygous and one was homozygous for the H63D
mutation. The prevalence of this mutation in the patients
with liver disorders was 14.8% (normals = 12%, NASH
= 16.9% viral = 26.3%, ALD = 13.6%, cryptogenic =
12.5%) and the overall frequency was 13.98%. The Odd’
s ratio was found to be 1.27 (95% confidence interval
was 0.63-2.57). The prevalence and allelic frequencies
of the H63D in the normals and chronic liver disorder
patients are summarized in Table 1. Only two individuals,
one in the control and one with NASH were found to be
homozygous for H63D. However, these two individuals
www.wjgnet.com
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did not show iron overload. Overall, in the 17 patients with
primary iron overload only two showed heterozygosity for
H63D.

DISCUSSION
Primary iron overload is uncommonly encountered in
Indians and happens to be common in the Caucasians of
North Europe. In the west, the C282Y mutation of the
HFE gene is associated with HH in majority of cases.
Variations in prevalence of the HFE gene mutations
(C282Y and H63D) have been established in many
European populations and descent (United States, Canada,
Australia, South Africa). Few studies are available from
India on the prevalence of these mutations in the general
population[9-12].
We attempted to study the prevalence of iron overload
in different types of liver disorders and the frequency
of the three known point mutations of the HFE gene.
Our study shows that of all the groups of chronic
liver disorder, cryptogenic cirrhosis showed the highest
frequency (15/136, 11%) of iron overload. Two patients
with alcoholic cirrhosis showed iron overload. The other
groups of NASH and viral cirrhosis did not reveal iron
overload. We have shown that iron does not have any
etiological role in the development of NASH[14]. The lower
frequency of primary iron overload in our population
may be due to a high frequency of iron deficiency anemia
encountered in Indians.
On screening for the HFE gene mutations (C282Y,
H63D and S65C) in 672 alleles of our population, no case
of C282Y and S65C was identified. No C282Y mutation
has been identified in Asian people including Hong
Kong Chinese, Taiwanese aboriginals and Indonesians[15].
In addition, a study involving 252 Japanese subjects
confir med complete absence of the C282Y [16] . The
prevalence of HH seems to be low in people of Asian
origin. Few HH patients of Japanese origin, a small
series of Chinese patients[17] and single Chinese women
with marked iron overload were negative for the HFE
C282Y mutation[18]. Therefore, absence of the Hfe C282Y
mutation supports the hypothetical existence of nonCaucasian haemochromatosis, which seems to be nonHLA linked. However, it remains to be defined at the
genetic level.
In the present study, the overall prevalence of H63D
was 13.98% (12% in normal and 14.8% in patients with
chronic liver disease). Thirty-four of the 236 patients
with liver disease and 11 normal subjects were H63D
heterozygous, and one in each group was homozygous.
Neither the patients with NASH nor the normal individuals who were homozygous for H63D showed iron
overload. A pilot study was previously conducted by us
in 58 normal subjects, 154 subjects with beta thalassemia
trait (BTT) and 9 with HH for the HFE mutations (C282Y
and H63D). No individual was found to be positive for the
C282Y and the prevalence of H63D mutation in the 212
subjects (normal and BTT) was 16.5%[9]. Since primary
iron overload exists in our population and there is paucity
of molecular information in these patients, more studies
to delineate this defect are warranted in our population.
www.wjgnet.com
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These frequencies are similar to those found for this
genotype in liver disorder subjects and controls[19].
In conclusion, primary iron overload is uncommonly
encountered in our population. Of the known HFE gene
polymorphisms, both C282Y and S65C are absent in our
population. H63D is present in a frequency of 13.9% in
our population but is not associated with iron overload
even in the homozygous state. Our study reiterates the fact
that primary iron overload in Indians is the non-HFE type
and further molecular studies are required to determine
the exact defect in various iron regulatory genes, like the
transferrin receptor 2, hepcidin, ferroportin, ferritin and
hemojuvelin.
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Abstract
AIM: To study the (functional) relevance of single
nucleotide polymorphisms (SNPs) in genes encoding
matrix metalloproteinases (MMP)-1, -2, -3, -9, tissue
inhibitors of metalloproteinases (TIMP)-1, -2 and tumor
necrosis factor (TNF)-α in the etiopathogenesis of
inflammatory bowel diseases (IBD), that may enhance
susceptibility and/or disease severity.
METHODS: Genomic DNA from 134 Crohn’s disease
(CD), 111 ulcerative colitis (UC) patients and 248 control
subjects was isolated from resected intestinal tissue or
blood. Allelic composition at SNP loci was determined by
PCR-RFLP or tetra primer ARMS PCR.
RESULTS: The TIMP-1 genotype TT in women and
T in men at SNP +372 T/C was found to increase CD
susceptibility (39% vs 23.8%, P = 0.018 and 67.9% vs
51.6%, P = 0.055, respectively), while women with this
genotype were less prone to development of fistulae
during follow-up (41.4% vs 68.3%, P = 0.025). Male
IBD or CD patients carrying the TIMP-1 +372 T-allele
expressed lower levels of TIMP-1 in surgically resected
macroscopically inflamed tissue (0.065 < P < 0.01). The
5T5T genotype at MMP-3 SNP -1613 5T/6T increased
the chance of stenotic complications in CD during followup (91.2% vs 71.8%, P = 0.022) but seemed to protect
against colonic involvement of this disease at first
endoscopic/radiologic examination (35.3% vs 59.5%, P
= 0.017).
CONCLUSION: Allelic composition at the examined
www.wjgnet.com

SNPs in genes coding for TIMP-1 and MMP-3 affect CD
susceptibility and/or phenotype, i.e., fistulizing disease,
stricture pathogenesis and first disease localisation.
These findings reinforce the important role of these
proteins in IBD.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Crohn’s disease (CD) is characterised by chronic, patchy,
transmural inflammation of the gastrointestinal tract,
predominantly in the ileocecal area, while ulcerative
colitis (UC) is manifested by chronic, continuous, rather
superficial inflammation of the mucosal layers of the
colon [1,2] . The incidence and prevalence of both CD
and UC have increased in the Western population since
the second World War [3,4], and lately also increased in
developing industrialising countries. Although there
has been much controversy regarding etiolog y and
pathogenesis of both forms of inflammatory bowel
disease (IBD), recent evidence points to an exaggerated
immune response to enteric bacterial flora in genetically
susceptible individuals. Based on a higher disease
concordance in monozygotic vs dizygotic twins[5], a higher
frequency of IBD in certain families and ethnic groups[6,7],
the association of IBD with genetic disorders like Turner’
s and Hermansky-Pudlak syndrome[8,9], the presence of
a genetic component in IBD is evident. Indeed, largescale genome-wide linkage studies have mapped several
regions of the human genome to IBD, i.e., 16q12 (IBD1),
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12q13 (IBD2), 6p21 (IBD3), 14q11 (IBD4), 19p13 (IBD5),
5q31-q33 (IBD6) and Xq21.3[10-15] and subsequent research
has identified several CD predisposing mutations in the
IBD1 gene encoding NOD2[16]. However, the different
chromosomal locations found to be associated with IBD
in these studies suggest disease heterogeneity: different
sets of disease predisposing mutations may lead to a
similar clinical outcome. This is corroborated by evidence
obtained from animal models, where distinct genetic
manipulations, for instance deletion of the DNA encoding
TCRα, IL-10 or TNF-α 3’UTR AU repeat motifs, all lead
to ileitis and/or colitis[17-19]. Therefore, genes on other loci,
not identified in the studies mentioned above, may also
contribute to IBD susceptibility and worthy considering
in this respect are the matrix metalloproteinases (MMPs)
and their natural inhibitors, the tissue inhibitors of
metalloproteinases (TIMPs). The MMPs constitute a
group of neutral, Ca- and Zn-activated endoproteinases
and are involved in physiological matrix turnover during
embryogenesis, angiogenesis, etc[20]. Production is tightly
regulated at the transcriptional and post-transcriptional
levels, and excessive MMP-mediated tissue destruction
is prevented by strictly regulated activation mechanisms
of the latent pro-enzyme and inhibition of the active
enzyme in a 1:1 stoichiometry by TIMPs. Recently, several
functional single nucleotide polymorphisms (SNPs) in the
genes encoding MMPs and TIMPs have been described.
The insertion of an additional guanosine residue at -1607
in the promoter of MMP-1 creates a PEA3 consensus
sequence next to an AP-1 binding site up-regulating
promoter activity, while the insertion of an additional
thymidine at -1613 of the MMP-3 promoter results in
decreased mRNA transcription [21,22] . The -1306 C/T
transition in the promoter of MMP-2 results in decreased
binding affinity for stimulating protein Sp1, leading to
decreased mRNA transcription[23]. In contrast, the -1562 C/T
transition in the promoter of MMP-9 results in the removal
of a binding site for an unknown repressor protein, thus
elevating transcription[24]. In TIMP-1 and -2 SNPs have been
found in the exon part of the genes (+372 T/C and +303
G/A, respectively). Although no effect on transcriptional
activity/mRNA stability was observed, these SNPs might
serve as markers in association studies[25]. Both MMP and
TIMP expression are affected by TNF-α and this proinflammatory cytokine is known to play a pivotal role
in IBD, particularly CD but also UC, as demonstrated
by impressive clinical improvement following antiTNF-α antibody infliximab administration[26,27]. The G/A
transition at -308 in the TNF-α promoter might result
in increased levels of circulating TNF-α protein[28], thus
inducing extra MMPs and/or TIMPs. Of note, the gene
encoding TNF-α is mapped to the 6p21 IBD3 region,
while the MMP and TIMP genes have not been mapped to
any known IBD region (MMP-1, -3: 11q22-q23; MMP-2:
16q13; MMP-9: 20q11.2-q13.1; TIMP-1: Xp11.3-p11.23
and TIMP-2: 17q25). Conceivably, direct and indirect
SNP-linked overproduction of MMPs and/or downregulation of TIMPs, would result in net destruction of
tissue, impairment of intestinal barrier function, influx of
bacteria and consequently excessive immune response, thus
predisposing to or worsening IBD. Therefore, we analysed
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the genotype distributions at these SNP loci of the genes
encoding MMP-1, -2, -3, -9, TIMP-1, -2 and TNF-α in
CD, UC and controls. Recently, we measured MMP and
TIMP protein/activity levels in a large group of resected
intestinal IBD tissues (Meijer et al[32], submitted) and here
the expression data in a subgroup of which we also had
DNA, are correlated to MMP, TIMP and TNF genotypes.

MATERIALS AND METHODS
Study design
Surgically resected intestinal mucosa from predominantly
Dutch Caucasian patients with CD (n = 134, 40% male,
median age at surgery 36.3 years, range 11.6-78.7 years)
or UC [n = 111, 42% male, 37.8 (15.9-81.9) years], was
collected in the period 1983-2002 at the department of
Pathology, LUMC and stored at -70℃. The control group
consisted of 79 patients with colorectal carcinoma [CRC,
macroscopically normal tissue obtained at least 10 cm
away from evident neoplasia, 43% male, median age at
surgery 56.4 (19.0-85.0) years] and 169 healthy volunteers
[37% male, age at blood collection date 33.3 (18.2-72.9)
years], recruited among spouses of patients from the
out-patient clinic and through advertisement. Informed
consent from participants and approval of the LUMC
ethics committee for the study protocol was obtained[29].
In both the IBD and control groups, more than 95% of the
participants were of Caucasian origin. Resected tissue was
homogenised with a Turrax device, blood was centrifuged
and genomic DNA was isolated using the salting out
method[30] and reconstituted to 10 ng/μL in 0.01 mol/L
Tris/0.1 mmol/L EDTA, pH = 7.5. Differential diagnosis
of CD or UC was established by routine clinical, radiological
and histological findings. Age at onset, localisation at
first endoscopy/radiology and development of fistulae
and stenotic processes in a subset of CD patients (n =
123) were recorded in medical files. The measurement
of myeloperoxidase was according to the procedure
described by Kruidenier et al[31], while the MMP and TIMP
protein/activity levels in IBD and CRC control tissue
were measured previously by our group (Meijer et al[32] and
submitted). In brief, homogenates obtained from surgically
resected tissue were appropriately diluted. The MMPs and
TIMPs antigen levels were measured by ELISAs (MMP-2,
-9, TIMP-1, -2) or by highly sensitive bio-immuno activity
assays (BIA) involving the conversion of chromogenic
peptide S-2444 by MMP-activated pro-urokinase (MMP-1,
-3), with all BIAs performed in the presence of APMA to
account for total MMP antigen levels. Allelic composition
at the SNPs of interest was determined by PCR-RFLP
(MMP-1, -3, -9, TIMP-1, -2) or tetra primer ARMS
PCR (MMP-2), as described previously[32,33]. Differences
between groups were assessed by Chi-square, KruskalWallis or Mann-Whitney U tests, as indicated. Statistical
significance was reached if two-tailed P value ≤ 0.05.

RESULTS
Allelic composition at SNP loci of MMP, TIMP and TNF genes
Between IBD and controls, no significant differences in
genotype distribution were found at -1607 1G/2G and
www.wjgnet.com
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Table 1 Genotype distributions at SNP loci in IBD patients compared to controls
Protein

SNP

Genotype

IBD
(% of patients)

Controls
(% of individuals)

Allele

IBD
(% of total)

Controls
(% of total)

MMP-1

-1607 1G/2G
11q22-q23

51.4
48.6

C
T

75.5
24.5

76.8
23.2

MMP-3

-1613 5T/6T
11q23

5T
6T

52.3
47.7

52
48

MMP-9

-1562 C/T
20q11.2-q13.1
+372 T/C
Xp11.3-p11.23
+372 T/C
Xp11.3-p11.23

26.6
49.6
23.8
61.9
29.9
8.2
27.9
48.4
23.8
69.7
30.3
51.6
48.4
23.8
53.6
22.5
78.7
21.3
69.7
30.3

55.4
44.6

-1306 C/T
16q13

31
49
20.1
57.7
35.6
6.7
29.2
46.3
24.6
72.4
27.6
61.6
38.4
31.2
43.3
25.5
77.5
22.5
68.8
31.4

1G
2G

MMP-2

1G1G
1G2G
2G2G
CC
CT
TT
5T5T
5T6T
6T6T
CC
CT + TT
T
C
TT
TC
CC
GG
GA + AA
GG
GA + AA

C
T
T
C
T
C

85.6
14.4
61.6
38.4
52.8
47.2

84
16
51.6
48.4
50.7
49.3

G
A
G
A

88.3
11.7
82.0
18.0

89.1
10.9
83.0
17.0

♂, TIMP-11
♀, TIMP-11

TIMP-2

+303 G/A
17q25
-308 G/A
6p21

TNF-α

n = 239-240/245 IBD patients vs n = 244/248 controls with successful genotype determinations. 1For TIMP-1, ♂ these numbers are 99/101 vs 93/96 and for
TIMP-1, ♀ 141/144 vs 151/152. Note: for MMP-9, TNF-α and TIMP-2 frequency of the homozygote mutant genotype (TT, AA and AA, respectively), was below
5% and these groups were combined with the corresponding heterozygote group, solely for the purpose of accurate statistical analysis. No statistically significant
differences (Chi-Square testing) in genotype distributions or allele frequencies were found between IBD and controls.

Table 2 TIMP-1 genotype distribution at SNP + 372 C/T in CD patients compared to controls
Protein
TIMP-1, ♂
TIMP-1, ♀

Genotype
T
C
TT
TC
CC

CD (% of patients)
67.9
32.1
39
35.1
26

Controls (% of individuals)
51.6
48.4
23.8
53.6
22.5

P1
0.055
0.018

Allele

CD (% of total)

Controls (% of total)

T
C
T
C

67.9
32.1
56.5
43.5

51.6
48.4
50.7
49.3

P -value
0.055
0.238

♂: n = 53/54 vs 93/96; ♀: n = 77/80 vs 151/152 successful genotype determinations, respectively. 1P-value, Chi-Square test.

-1306 C/T of MMP-1 and -2 promoters, respectively
(Table 1). Also, 1G MMP-1 (55.4 vs 51.4%) and C wildtype (75.5 vs 76.8%) MMP-2 allelic frequencies were
similar in both groups. The MMP-3 and MMP-9 genotype
distribution at -1613 5T/6T and -1562 C/T, respectively,
were also similar. The TIMP-1 gene is located on the
X-chromosome, thus the results are presented according
to gender. In both men and women the T (T) genotype
seems relatively abundant in IBD (men T 61.6 vs 51.6%;
women TT 31.2 vs 23.8%) and especially in CD (men T
67.9 vs 51.6%, P = 0.055; women TT 39.0 vs 23.8%, P =
0.018, Table 2). No differences in genotype distribution
were observed for TIMP-2 and TNF-α at +303 G/A and
-308 G/A, respectively (Table 1). For all SNPs, genotype
frequencies in the control group are similar to what was
expected from the Hardy-Weinberg equilibrium, except for
MMP-2 (CC, CT, TT: 61.9, 29.9, 8.2 observed vs 59.0, 35.7,
5.3% expected, χ2 = 6.36, P < 0.05). Genotype and allelic
frequencies for all SNPs examined were similar in CD vs
UC and also in the healthy volunteers vs the carcinoma
controls. As MMPs and TIMPs are involved in cancer
and metastasis, all analyses were repeated with a control
www.wjgnet.com

group consisting only of the healthy volunteers (n = 169),
yielding similar results as mentioned above.
Effect of MMP and TNF-α SNPs on CD phenotype
The median age at onset of disease in 123 CD patients
with a full medical record was 21.5 (range 0.3-61.5) years.
Patients stratified according to genotype at the SNPs
examined had similar ages at onset (Table 3). At first
endoscopic/radiologic examination, in 53.3% of the
patients colonic w/wo ileal involvement was evident. The
MMP-3 genotype was associated with disease localisation
(P = 0.04 for all three groups) and further analysis
revealed a lower chance of colonic involvement at first
endoscopy/radiology in patients with the 5T5T MMP-3
genotype (P = 0.017, 5T5T vs 5T6T and 6T6T combined).
However, this genotype also conferred a major risk to
development of stenotic complications: 91.2% of patients
carrying the 5T5T genotype suffered from stenotic
complications compared to 71.8% for the other genotypes
(P = 0.022). The allelic polymorphisms at other SNP loci
were not associated with disease localisztion or stricture
involvement. Of all CD patients, 80/123 or 65.0%
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Table 3 Effect of MMP, TIMP and TNF-α allelic SNP composition on age at onset of disease, colon involvement at first endoscopic/radiologic
examination and development of fistulae or stenotic strictures during follow-up [median 24.7 (range 3.3-58.5) yr] in CD
Protein

SNP

Genotype

MMP-1

-1607 1G/2G

MMP-2

-1306 C/T

MMP-3

-1613 5T/6T

MMP-9

-1562 C/T

TIMP-1, ♂

+372 T/C

TIMP-1, ♀

+372 T/C

TIMP-2

+303 G/A

TNF-α

-308 G/A

1G1G
1G2G
2G2G
CC
CT+TT
5T5T
5T6T
6T6T
CC
CT+TT
T
C
TT
TC
CC
GG
GA+AA
GG
GA+AA

Number of
patients
38
54
26-27
66-67
521
34
54
30-31
88-89
301
32
17
29
22-23
18
91-92
271
79-80
391

Age (yr) at onset
of disease,
median (range)

Colonic involvement
at first examination
(% of patients)

Fistulae during
follow-up
(% of patients)

Strictures during
follow-up
(% of patients)

20.7 (0.3-45.6)
22.4 (7.0-61.5)
21.0 (3.4-40.2)
20.1 (5.8-61.5)
22.4 (0.3-50.1)
22.4 (0.3-53.6)
19.3 (3.4-61.5)
23.5 (7.2-49.1)
21.0 (0.3-61.5)
22.7 (7.2-45.5)
18.9 (0.3-48.3)
18.5 (5.9-61.5)
24.3 (7.0-56.8)
23.5 (3.4-39.6)
22.2 (10.4-49.1)
21.5 (0.3-61.5)
22.4 (3.4-56.8)
22.6 (0.3-61.5)
18.9 (3.4-45.5)

52.6
50
57.7
57.6
46.2
35.3a
63
53.3
53.4
50
53.1
52.9
55.2
45.5
55.6
56.0
40.7
50.6
56.4

71.1
63
63
64.2
67.3
70.6
66.7
58.1
68.5
56.7
78.1
76.5
41.4c
69.6
66.7
68.5
55.6
68.8
59.0

84.2
75.9
70.4
74.6
80.8
91.2a
74.1
67.7
75.3
83.3
87.5
94.1
69.0
78.3
55.6
77.2
77.8
78.8
74.4

1

Protein expression (ng/mg or U/mg)

Only 7, 1, 2 and 4 patients were carrying the MMP-2, -9, TIMP-2 or TNF-α mutant genotype, respectively, and were combined with the heterozygote group for
statistical purposes. Differences in phenotype between genotypes were tested for statistical significance by Kruskal-Wallis/Mann-Whitney U (onset) or ChiSquare test (colon involvement/fistulae and stricture development). aP ≤ 0.03 vs 5T6T and 6T6T combined, cP = 0.025 vs TC and CC combined.

1000

100

b

10

1

MMP-1

MMP-2

MMP-3

MMP-9

TIMP-1
male

TIMP-1
female

TIMP-2

Figure 1 Protein expression in inflamed IBD tissue stratified to genotype. Values
represent the median + 75th percentile and are in ng/mg (MMP-2, -9, TIMP-1,
-2) or in arbitrary units/mg (MMP-1, -3). From left to right; MMP-1: 1G1G, 1G2G,
2G2G (n = 6, 17, 5); MMP-2: CC, CT + TT (n = 99, 77); MMP-3: 5T5T, 5T6T, 6T6T (n
= 21, 33, 16); MMP-9: CC, CT + TT (n = 129, 46); TIMP-1 male: T, C (n = 47, 24);
TIMP-1 female: TT, TC, CC (n = 42, 37, 26); TIMP-2: GG, GA + AA (n = 135, 41).
b
P < 0.01, Mann-Whitney U test.

developed peri-anal, entero-entero or entero-cutaneous
fistulae during follow-up. Female patients with the TT
genotype at +372 SNP of TIMP-1 appeared less prone to
develop fistulae (P = 0.08), and when the TT group was
compared with the combined TC and CC group, this result
was statistically significant (P = 0.025).
Effect of SNPs on protein expression
Male IBD patients carrying the T allele at SNP +372
expressed lower levels of TIMP-1 in inflamed tissue
compared to those carrying the C allele, P = 0.009
(Figure 1), with similar MPO levels in both groups [median
24.2 (range 9.1-80.4) vs 28.6 (2.5-75.9) U/g, P = 0.194]. In
male CD patients a similar pattern in TIMP-1 expression
was observed [6.8 (1.7-18.6) vs 9.2 (1.8-19.9) ng/mg
TIMP-1, n = 46 vs 19, T vs C allele, respectively], although

not longer statistically significant (P = 0.065). However,
female IBD or CD patients carrying the TT, TC or CC
genotype expressed similar levels of TIMP-1 in inflamed
tissue. The respective protein expression was not affected
by genotype at other MMP and TIMP SNPs in inflamed
intestinal tissue. In non-inflamed IBD and control CRC
tissue, no differences in protein levels were observed
between patients stratified to genotype. Finally, allelic
composition at TNF-α-308 G/A was not associated with
higher or lower levels of MMPs or TIMPs in inflamed and
non-inflamed IBD or control tissue.

DISCUSSION
In this study we found increased susceptibility to CD
in men and women carrying the T and TT genotype,
respectively, at TIMP-1 SNP +372. The X chromosome
region p11.3-p11.23 might thus represent a novel linkage
marker in IBD, extending the results obtained in previous
genome-wide linkage studies [14,34] . Women with this
genotype also appear less prone to the development
of fistulae. The direct or indirect involvement of the
X-chromosome in CD etiopathogenesis is further
corroborated by a higher incidence of CD in women
compared to men[35], the association of CD with X-linked
Turner’s syndrome[8] and the higher incidence of extraintestinal complications and surgery recurrence rates in
female compared to male CD patients [36]. Importantly,
in men the T allele at SNP +372 was accompanied with
a lower TIMP-1 protein expression in inflamed tissue.
The lower TIMP-1 protein levels relative to MMP in
susceptible individuals might shift the balance to a more
proteolytic mucosal Crohn’s disease phenotype. The
TIMP-1 SNP might also be linked to other markers on
www.wjgnet.com
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the X-chromosome increasing CD susceptibility and
conferring protection against fistulae pathogenesis thus
explaining the observed results in women. We observed
no association between allelic composition at MMP-3
SNP-1613 and susceptibility to IBD. Our findings in
UC confirm previous publications on primary sclerosing
cholangitis and UC[22,37], but those on CD are different
from the results obtained by the group of Pender et al[38],
who noted increased susceptibility to sporadic, but not
familial CD in individuals carrying the 5T allele. These
contrasting results might arise from a different proportion
of sporadic versus familial cases in our study. We also
found a decreased chance of colonic involvement at
first endoscopic/radiologic examination and a higher
incidence of stenotic complications in patients carrying
the 5T5T MMP-3 genotype at SNP-1613. Previously,
over transmission of the 5T allele was associated with
ileal localisation and stenosis in CD CARD15 mutation
carriers [38] and the group of Warnaar et al [39] reported
increased levels of MMP-3 in stenotic and pre-stenotic
resected CD ileum, pointing to an MMP-3 mediated
altered clinical course of CD patients by an, as yet,
unidentified mechanism. The 5T5T genotype was
reported to both increase [40,41] and decrease [42] MMP-3
protein expression, but in our study patients stratified
according to MMP-3 genotype expressed similar MMP-3
total activity. Previously, the A allele at TNF-α SNP-308
was reported to increase susceptibility to UC[43], CD[44]
and the incidence of fistulae in CD[45], possibly mediated
by an increased promoter activity [46,47]. In contrast, we
found no effect of allelic composition at this SNP on
disease risk and phenotype, in line with other reports[48,49],
adding further complexity to this matter. As mentioned
before, the patient populations might differ dependent
on the genetic (ethnic) background, thus explaining
the contrasting results. We could not demonstrate an
association of MMP-1, -2, -9 and TIMP-2 SNPs with
disease susceptibility or clinical course of disease, in line
with previous (genome-wide) linkage reports[11-13,37,50]. As
other studies have clearly shown the involvement of these
proteins in IBD pathology[51,52], it seems that they primarily
function as mediators/effectors instead of initiators
during IBD etiopathogenesis. However, the regulation of
these proteins by immuno-suppressive medication, such as
infliximab, might be dependent on the allelic composition
at the SNPs examined, as previously shown by ex vivo
explant studies from our group[32]. In principle, enhanced
MMP expression might also be associated with SNPs in
other genes, for instance with those encoding cytokines
regulating MMP expression, e.g., IL-1β[44] and TNF-α.
Dependent on the presence of relevant cis-acting elements
in the promoter sequence, especially MMP-1 and MMP-9
would be affected[53,54], but we found no effect.
In summary, several studies reported associations
between SNPs in diverse genes and IBD [16,48,55-59]. We
have focused on the SNPs in genes coding for matrix
remodeling proteins, i.e., MMPs and TIMPs, and believe
the T allele at SNP +372 T/C in TIMP-1 might be
involved in CD susceptibility in both sexes and in men
by down-regulating TIMP-1 expression, while the 5T5T
genotype at MMP-3-1613 might protect for colonic disease
www.wjgnet.com
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localization but also confers a major risk to stenotic
complications. These findings reinforce the potential role
of MMP and TIMPs in IBD and should be confirmed in
larger prospective follow-up studies.
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Abstract
AIM: To compare the efficacy of 7-d versus 14-d triple
therapy for the treatment of H pylori infection in Chile,
with a prevalence of 73% in general population.
METHODS: H pylori -infected patients diagnosed by
rapid urease test, with non-ulcer dyspepsia or peptic
ulcer disease were randomized to receive omeprazole
20 mg bid, amoxicillin 1 g bid, and clarithromycin 500
mg bid for 7 (OAC7) or 14 (OAC14) d. Primary outcome
was eradication rate 6 wk after the treatment. Subgroup
analysis was carried out considering the eradication rate
among patients with or without peptic ulcer disease and
eradication rate among smokers or non-smokers.
RESULTS: One hundred and thirty-one patients were
randomized to OAC7 (n = 69) or OAC14 (n = 62). The
overall eradication rate (intention-to-treat) was 78.3% in
OAC7 and 85.5% in OAC14 groups, without a significant
difference (P =0.37). No significant difference in the
eradication rate was found among the patients with
peptic ulcer disease (n = 31) between the OAC7 group
(85.7%) and OAC14 group (87.5%). However, smokers
had an obviously lower eradication rate compared to
non-smokers, particularly in the OAC7 group (57.1% in
smokers vs 83.6% in non-smokers; P = 0.06). Adverse
effects rate were similar between both groups.
CONCLUSION: Short-term efficacy of triple therapy with
OAC for 7 d is comparable to 14 d in this high-prevalence
population. Longer follow-up, and studies focused to
some subgroups of patients (smokers and non-ulcer

patients) are necessary to support widespread use of 7-d
instead of 10-14-d triple therapy in a developing country
like Chile.
© 2007 The WJG Press. All rights reserved.

Key words: Helicobacter pylori ; Antibiotic treatment;
Omeprazole; Amoxicillin; Clarithromycin; Quasirandomized controlled trial
Riquelme A, Soza A, Pedreros C, Bustamante A, Valenzuela F,
Otarola F, Abbott E, Arellano M, Medina B, Pattillo A, Greig
D, Arrese M, Rollan A. Optimal length of triple therapy for
Helicobacter pylori eradication in a population with high
prevalence of infection in Chile. World J Gastroenterol 2007;
13(21): 2967-2972

http://www.wjgnet.com/1007-9327/13/2967.asp

INTRODUCTION
H pylori causes chronic gastritis and is associated with a
higher incidence of peptic ulcer, gastric adenocarcinoma
and mucosa-associated lymphoid tissue (MALT)
lymphoma[1].
Peptic ulcer disease and localized, low-grade MALT
lymphoma are undisputed indications for treatment [2].
In other conditions, such as gastric cancer among firstdegree relatives, patients with atrophic gastritis and
dyspeptic patients with proven infection, there is a general
consensus that H pylori eradication is also indicated. Even
asymptomatic subjects with H pylori infection for any
reason should be informed about risk of infection-related
complications, and cost-benefit of treatment discussed in a
case-by-case analysis[3,4].
Although several different treatment regimens have
been proposed for H pylori eradication, triple therapy
with a proton pump inhibitor (PPI), clarithromycin and
amoxicillin is the most accepted therapy worldwide [5,6].
The eradication rate obtained with this combination is
rather variable, ranging from less than 50% [7] to more
than 95%[8]. There are important regional or geographical
differences in success rates that have not been completely
understood [6]; length of treatment, antibiotic dosage,
bacterial resistance and other factors could be related to
this variability.
In Europe, shor t (7 d) and low-dose antibiotic
www.wjgnet.com
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treatment (clarithromycin 250 mg bid plus amoxicillin
500 mg bid) is usually recommended [5,9,10] while in the
United States, 10 to 14 d of treatment is still preferred[11,12].
In 1997, the Asia Pacific Consensus Conference on the
management of H pylori recommended a number of 7-d
regimens[13]. The Latin American Consensus recommended
7 to 14-d treatment, with 10-d as the preferred regimen[14].
However, some recent studies from Asia have reported the
eradication rates as low as 40.8%, even using triple therapy
with PPI and antibiotics for 14 d[7].
Many recent studies have compared PPI-based triple
therapies in short (7 d or less) and extended (10-14 d)
schedules, and few have found significant differences in
eradication rates although a trend towards better results
with longer therapies is observed. However, as the number
of patients is reduced, a B-type error may be present[8,15-17].
A recent meta-analysis on this topic showed that
prolonging PPI-based triple therapy beyond 7 d improved
treatment cure rates, and significant differences were found
when 14-d therapies were compared to 7-d schedules[18].
Calvet et al [18] highlighted the importance of studies
evaluating the cost-effectiveness of different lengths of
therapy and suggested that geographical differences must
be taken into account. To our knowledge, none of the
included reports came from developing or high-prevalence
countries. Because developing countries represent most of
the infected population in the world, experiences coming
from these areas are very important.
The scarce available information suggests that results
obtained in developing countries usually are worse than
those obtained in developed countries with the same
therapy[19,20], but to our knowledge, there are no published
systematic reviews on this particular topic.
Chile has a 73% (95% CI: 70%-76%) prevalence
of H pylori infection in adult population and 79.5% in
areas with high risk of gastric cancer[21]. This study was
carried out in an urban area of Santiago with a high risk
of gastric cancer and a frequency of H pylori infection
among symptomatic patients of 78.7%[22]. In vitro antibiotic
resistance was studied in 91 H pylori strains in Chile. All
strains were susceptible to amoxicillin and only two strains
(2.2%) were resistant to clarithromycin. Forty-two percent
of strains were resistant to metronidazole and 13% were
resistant to bismuth subcitrate[23]. Therefore, amoxicillin
and clarithromycin plus proton pump inhibitors are
recommended to eradicate H pylori in Chile. A randomizedcontrolled trial evaluated the efficacy of a short-term
triple therapy among Chilean patients with peptic ulcer
disease, with 3 d of azithromycin (500 mg OD) and 7 d
of amoxicillin (750 mg tid) and a high (40 mg bid) or low
(20 mg bid) dose of omeprazole; and the eradication rates
were 57% and 61%, respectively[24], suggesting that shortterm triple therapy with azithromycin has poor efficacy.
However, there are no studies comparing short-term and
extended triple therapy schedules with clarithromycin in a
Chilean population.
This study aimed to compare the efficacy of 7-d versus
14-d course of omeprazole, amoxicillin and clarithromycin
to eradicate H pylori infection in symptomatic patients from
an urban area with high prevalence of H pylori infection.
www.wjgnet.com
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MATERIALS AND METHODS
Protocol
The study was a quasi-randomized, open, comparative
trial with two parallel treatment arms, performed in
an outpatient care setting. Hispanic patients from an
urban area of Santiago, with high prevalence of H pylori
infection [21,22] and high risk of gastric cancer among
patients with dyspepsia or abdominal pain[25], who were
referred by gastroenterologists or general practitioners
to an outpatient clinic with the indication of an upper
gastro-intestinal (UGI) endoscopy to be performed
in the endoscopy unit of the outpatient clinic of the
Catholic University of Chile, were invited to participate
in this study if H pylori infection was found. H pylori
infection was assessed by a positive rapid urease test
(RUT) (ProntoDry™, Medical Instruments Corporation,
Brignais, France) on two or more antral biopsies [26,27].
Patients older than 18 years with positive RUT on antral
biopsy were considered elegible. They were interviewed
to check for inclusion criteria. After taking informed
consent, the patients were randomized to receive either 7
or 14 d of omeprazole 20 mg bid, amoxicillin 1 g bid, and
clarithromycin 500 mg bid. Exclusion criteria were: (1)
Previous attempt of H pylori eradication; (2) concomitant
or recent (within 3 mo) use of PPI, antibiotics or nonsteroidal anti-inflammatory drugs; (3) total or partial
gastrectomy; (4) gastric cancer suspected or demonstrated;
and (5) known allergies to any of the drugs included in this
study. Previous antibiotic exposure, defined as antibiotic
usage more than 3 and less than 24 mo before exclusion,
was registered at the first interview.
At least 6 wk after the end of therapy, all patients
underwent a second UGI endoscopy, and RUT on antral
biopsies was performed again in order to document
H pylori eradication. Those patients not eradicated at this
time received a second-line treatment beyond the study
protocol. Primary outcome was H pylori eradication.
Secondary outcome was the occurrence of adverse effects.
Subgroup analyses were also performed.
The endoscopic findings were categorized as: (1)
Peptic ulcer disease, when a discrete mucosal defect, at
least 5 mm wide or with perceptible depth was observed
in the gastric or duodenal mucosa; (2) erosive non-ulcer
disease, when multiple (more than three) small (less
than 5 mm) superficial mucosal defects, with a flat edge
and no depressed base were observed in the gastric or
duodenal mucosa, or esophageal mucosal breaks were
seen, according to Los Angeles classification[26]; (3) normal
endoscopy, when no evident lesions were observed. Nonerosive, non-specific changes on the esophageal, gastric or
duodenal mucosa were classified as normal.
Recruitment of patients was performed from January
2003 to July 2004. The study was performed in accordance
with the principles of good clinical research practice and
the Declaration of Helsinki.
Assignment
Randomization was open, by means of the last digit of
the identification number: odd numbers were assigned to
the OAC7 group and even numbers to the OAC14 group.
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Table 1 Baseline characteristics of patients n (%)
OAC7 (n = 69)

Enrollment
Randomized
(n = 131)

Allocated to OAC7
(n = 69)
Received allocated intervention
(n = 69)

Allocation

Analyzed (n = 69)

Allocated to OAC14
(n = 62)
Received allocated intervention
(n = 62)

OAC14 (n = 62)

47.5 ± 16
27 (39.1)
14 (20.3)

45 ± 15
18 (29)
21 (33.9)

56 (81.2)
13 (18.8)
13 (18.8)
32 (46.4)

51 (82.3)
18 (29)
12 (19.4)
26 (41.9)

14 (20.3)
44 (63.8)
11 (15.9)

24 (38.7)
30 (48.4)
8 (12.9)

Lost to follow-up (n = 2)
Not returned to control

Lost to follow-up (n = 6)
Not returned to control
Discontinued intervention
due to diarrhea (n = 1)

Excluded (n = 37)
Not meeting inclusion criteria (n = 12)
Refused to participate (n = 25)

Age (yr)
Male
Smokers
Previous antibiotic exposure
Betalactamics
Clarithromycin
Metronidazol
Tetracyclines
Endoscopic diagnosis
Ulcer disease
Non-ulcer disease
Normal

Follow-up

Analysis

Excluded from analysis
(n = 0)

Discontinued intervention
due to rash (n = 1)

Analyzed (n = 62)
Excluded from analysis
(n = 0)

Figure 1 Study design and flow chart.

Compliance was assessed by the pill count method during
a second interview after treatment. Adverse effects were
registered and graded throughout and after treatment
by the investigators as follows: none; mild (aware of
symptoms, but easily tolerated); moderate (discomfort
sufficient to cause interference with normal activities); and
severe (incapacitating, with inability to perform normal
activities).
Clinical characteristics of the groups
Patient flow chart, considering eligibility, randomization
process and allocation of patients to OAC7 or OAC14 and
follow-up of patients from both groups is described in
detail in Figure 1.
Statistical analysis
Statistical effect size estimation was done. A sample size
of 112 patients was estimated considering an effect size
of 15% and a confidence interval ranging from 9% to
23% (with 80% power and 95% of confidence). The
demographic and clinical characteristics of the patients
were compared with Student’s t-test for independent
samples or Fisher’s exact test for discrete variables (sex,
adverse effects and presence or absence of eradication).
Eradication was analyzed both on an intention-to-treat
and on a per-protocol basis. Results were expressed as
mean ± standard deviation (SD). P < 0.05 was considered
statistically significant. All statistical analyses were
performed with SPSS version 10.0 (Standard version, SPSS
Inc.).

RESULTS
One hundred and sixty-eight patients were considered

Table 2 Eradication rate after treatment and subgroup analyses

n (%)

Eradication rate according to:

OAC7
(n = 69)

OAC14
(n = 62)

P

Length of treatment
Smoking status
Smoker
Non smoker
Endoscopic diagnosis
Ulcer disease
Non-ulcer disease
Normal
Previous antibiotic exposure
Betalactamics
Clarithromycin
Metronidazol
Tetracycline

54 (78.3)

53 (85.5)

0.37

8 (57.1)
46 (83.6)

17 (81)
36 (87.8)

0.15
0.88

12 (85.7)
35 (79.5)
7 (63.6)

21 (87.5)
25 (83.3)
7 (87.5)

1.0
0.77
0.34

46 (82.1)
10 (76.9)
9 (69.2)
25 (78.1)

43 (84.3)
16 (88.9)
10 (83.3)
20 (76.9)

0.8
0.63
0.64
1.0

eligible and 37 of them were excluded from the study for
the following reasons. Twenty-five were excluded because
they refused to consent, 4 with suspected or proven
gastric cancer, 6 because of previous adverse reactions to
amoxicillin or penicillin and 2 patients because of recent
use of antibiotics. Finally, 131 patients were included.
Sixty-nine patients were randomized to the OAC7
group and 62 patients to the OAC14 group. Demographic
characteristics at baseline were similar between both
groups (Table 1), including previous antibiotic exposure
and endoscopic diagnosis.
On a per-protocol analysis, eradication of H pylori
infection was achieved in 54 of 63 patients (85.7%) in
OAC7 group and 53 of 60 patients (88.3%) in OAC14
group. On an intention-to-treat analysis, eradication was
achieved in 54 of 69 patients (78.3%) in OAC7 group
and 53 of 62 patients (85.5%) in OAC14 group. The
differences did not reach statistical significance (P = 0.37)
(Table 2). Most treatment failures (n = 16) received a
second-line treatment beyond the study protocol.
Sub-group analysis
Eradication rate for subgroups of patients is presented
in Table 2. Smokers showed a lower eradication rate
compared to non-smokers. Interestingly, the difference was
more evident in the OAC7 group, with 57.1% and 83.6%
eradication rate in smokers and non-smokers, respectively
www.wjgnet.com
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(P = 0.06), almost reaching a statistical significance.
Although the non-ulcer patients had a lower eradication
rate compared to the ulcer patients, the difference did not
reached statistical significance.
In addition, eradication rates between groups were not
significantly affected by previous antibiotic exposure. The
patients previously exposed to penicillin had eradication
rates of 82.1% and 84.3% in OAC7 and OAC14 groups,
respectively (P = 0.8), while the patients previously
exposed to clarithromycin had eradication rates of 76.9%
and 88.9% in OAC7 and OAC14 groups, respectively
(P = 0.63).
Adverse effects and compliance
Abdominal pain, nausea and diarrhea were the most
common adverse effects in both groups (Table 3). Most
were mild. Only 2 patients discontinued treatment because
of adverse effects (diarrhea and rash), after taking 71%
and 90% of scheduled medication, respectively. Frequency
of adverse effects was similar in both groups (29% in
OAC7 versus 37% in OAC14 groups).
Eight patiens did not return to be evaluated for the
eradication of H pylori, 6 from the OAC7 group and 2
from the OAC14 group. As shown in Figure 1, complete
follow-up was achieved in 123 patients (93.9%).

DISCUSSION
The ideal regimen for H pylori eradication is far from
settled, and the search is ongoing[27,28]. The current standard
triple therapy with two antibiotics and a PPI is being
challenged by quadruple therapy (bismuth, PPI and two
antibiotics) and lately by the so-called “sequential therapy”
(PPI plus three antibiotics)[29,30]. The length of treatment is
an important factor because it influences cost of treatment,
and it may be related to eradication rates, adverse effects
and compliance. The search for effective, but shorter
therapies is totally justified. However, information about
this topic has come almost exclusively from developed
countries with low-prevalence of infection, and there
are evidences to suggest that regional or geographical
differences in the efficacy of therapy against H pylori could
be related to socio-economic status[31].
The published trend toward similar results of two-week
versus one-week triple therapy for H pylori eradication
may not hold tr ue for developing, high-prevalence
countries. Where there is higher antibiotic resistance and
bacterial load, this might compromise the outcome of
shorter treatments. A recent report, coming from Alaska,
showed an eradication rate of 34%, even using 14-d triple
therapy[32]. Validated local information is very important to
define standard therapy for H pylori infection in different
geographical areas.
This is the first quasi-randomized controlled trial
comparing 7-d versus 14-d triple therapy for H pylori
eradication in this high-prevalence Hispanic population.
This study seems to reproduce the results obtained in
similar studies from developed countries, showing a slight
(7.2%) but non-statistically significant improvement in
eradication rate when PPI-based triple therapy is extended
from 7 to 14 d. This is below the 15% conventionally
www.wjgnet.com
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Table 3 Adverse events during treatment n (%)

Abdominal pain
Nausea
Diarrhea
Taste disturbance
Headache
Vomiting
Loss of appetite
Rash
Discolored faeces
Tongue discoloration
Total

OAC7
(n = 69)

OAC14
(n = 62)

Total
(n = 131)

10 (14.5)
7 (10.1)
9 (13.0)
2 (2.9)
2 (2.9)
1 (1.58)
2 (2.9)
0
1 (1.4)
1 (1.4)
20 (29)

8 (12.9)
11 (17.7)
5 (8)
7 (11.3)
5 (8.1)
2 (3.2)
1 (1.6)
2 (3.2)
1 (1.6)
0
23 (37)

18 (13.7)
18 (13.7)
14 (10.7)
9 (6.9)
7 (5.3)
3 (2.3)
3 (2.3)
2 (1.5)
2 (1.5)
1 (0.76)
43 (33)

defined as clinically significant (see Methods) and suggests
that, at least in this population, one or two-week triple
therapies are comparable in terms of eradication rate, with
clear cost-advantages for the one-week regimen.
The subgroup analyses, although underpowered to
detect significant differences, also confirmed previous
reports, showing that smokers [33,34] seem to be more
resistant to eradication therapy for H pylori. With respect
to non-ulcer patients, some but not all reports identify
this condition as a significant risk factor for treatment
failure[35,36]. A recent single study[37] and also a systematic
review found a trend to a worse response to treatment only
when using 7-d regimen[38]. If confirmed by adequately
designed studies, smokers and non-ulcer patients might
constitute a subgroup of patients that should be treated
for 10 or 14 d instead of 7 d[37].
These patients had not a long-term follow-up after
treatment. Besides eradication rate, reinfection or
recrudescence of infection are other critical factors to
determine final effectiveness of therapy. As expected,
there is a marked paucity of information coming from
developing, high-prevalence countries. A recent report
from Vietnam showed a 23.5% reinfection rate one year
after treatment, with most strains being identical to the
pre-treatment isolates[39]. Another report from Iran showed
a 20.4% reinfection rate 3 years after treatment[40]. It has
been reported that patients with duodenal ulcer from
the same population have a 13% reinfection rate after 3
years of a 14-d triple therapy, with most cases occurring
during the first year[41], very similar to the 10% reinfection
rate found in Bangladesh, 3 to 18 mo after treatment[42].
Available information suggests that recrudescence accounts
for the majority of early recurrences after treatment[43]. It
has been convincingly demonstrated that early reinfection
rate is inversely related to the initial eradication rate
obtained with therapy[44], and it is possible that the small
difference (7.2%) in short-term eradication rate between
7 and 14-d regimens may later determine a higher than
expected “reinfection” rate in the OAC7 group. We are
not aware of any published study comparing long-term
reinfection rate after 7 and 14-d regimens. Longer followup of this cohort of patients may help to answer this
question.
In summary, this quasi-randomized comparative trial
showed that 7-d and 14-d PPI-based triple therapies
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are comparable in eradicating H pylori in a population
with a high prevalence of infection, at least in the
short-term follow-up. It is possible that smokers and
non-ulcer patients might be candidates for a longer
period of treatment. Because of the potentially higher
reinfection risk in these sub-groups of the population
and the demonstrated inverse relationship between
initial eradication rate and recrudescence of infection,
it is reasonable to prolong the follow-up of this cohort
of patients for at least one year, before to recommend a
7-d triple therapy as the standard treatment for H pylori
infection in this population.
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Abstract
AIM: To evaluate and compare the clinical outcomes
of prophylactic submucosal saline-epinephrine injection
and saline injection alone for large colon polyps by
conventional polypectomy.
METHODS: A prospective study was conducted
from July 2003 to July 2004 at 11 tertiary endoscopic
centers. Large colon polyps (> 10 mm in diameter) were

randomized to undergo endoscopic polypectomy with
submucosal saline-epinephrine injection (epinephrine
group) or normal saline injection (saline group).
E n d o s c o p i c p o l y p e c t o my wa s p e r fo r m e d b y t h e
conventional snare method, and early (< 12 h) and late
bleeding complications (12 h-30 d) were observed.
RESULTS: A total of 561 polyps in 486 patients were
resected by endoscopic polypectomy. Overall, bleeding
complications occurred in 7.6% (37/486) of the patients,
including 4.9% (12/244) in the epinephrine group,
and 10.3% (25/242) in the saline group. Early and
late postpolypectomy bleeding (PPB) occurred in 6.6%
(32/486) and 1% (5/486) of the patients, respectively,
including 4.5% (11/244), 0.4% (1/244) in the
epinephrine group, and 8.7% (21/242), 1.7% (4/242) in
the saline group. No significant differences in the rates of
overall, early and late PPB were observed between the 2
groups. Multivariate stepwise logistic regression analysis
revealed that large size (> 2 cm) and neoplastic polyps
were independently and significantly associated with the
presence of PPB.
CONCLUSION: The prophylactic submucosal injection
of diluted epinephrine does not appear to provide an
additional advantage over the saline injection alone for
the prevention of PPB.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Colonoscopic polypectomy effectively reduces the risk
1-3�]
of colorectal cancer [����
. The major complication of
this procedure is hemorrhage, the occurrence of which
varies between 0.3% and 6.1%, following perforation and
1-5�]
problems with premedication[����
. It was reported that a
submucosal saline solution injection is used for at least
some polyps by 82% of physicians[��6�]. This submucosal
saline cushion has been used to reduce postpolypectomy
7,8�]
complications and enhance complete resection[����
. Local
epinephrine has also been used to minimize mucosal
bleeding due to its hemostatic effect, but its clinical benefit
may not be clear. One prospective comparative study
reported that epinephrine in the submucosal injection
fluid could reduce the risk of immediate bleeding but
not delayed bleeding [��9�] . In an ���������
American Society
������������
for
Gastrointestinal Endoscopy� �������
(������
ASGE��)��������������������
�������������������
editorial, because
the overall risk of immediate bleeding is low and the
immediate bleeding can generally be treated successfully by
experienced endoscopists, there is no mandate to include
10�]
epinephrine in the injection fluid[���
. The purpose of the
current prospective multicenter study was to evaluate and
compare the clinical outcomes of prophylactic submucosal
saline-epinephrine injection and saline injection alone in
conventional colon polypectomy.

MATERIALS AND METHODS
Between July 2003 and May 2004, patients diagnosed with
colon polyps with a diameter > 10 mm were randomized
to receive either a submucosal saline-epinephrine injection
(epinephrine group) or a normal saline injection (saline
group) before conventional polypectomy. The following
exclusion criteria were used in the study: (1) diameter of
polyp < 1 cm, (2) diameter of polyp larger than the size of
a polypectomy snare requiring the submucosal dissection
method, (3) patients taking anticoagulants, (4) disease
impairing normal blood clotting, (5) abnormal coagulogram
(platelet count, INR, APTT), (6) patients unwilling to
give written informed consent, (7) age < 18 years. The
trial profile is shown in Figure 1. All colonoscopies were
performed with an Olympus CF-230 or CF-240 video
colonoscope, after careful preparatory cleansing of the
bowel using a polyethylene glycol-electrolyte solution.
Midazolam was given intravenously only if needed. Patients
were randomized using computerized randomization.
The result of the randomization was kept blind from the
endoscopist and the assistant. A submucosal injection
solution was made in advance by the 2nd assistant. The
Korean Association for the Study of Intestinal Diseases
(KASID) approved the design of the trial. Informed
consent was obtained from every enrolled patient before
each procedure. If a patient had more than one polyp, all
the polyps fulfilling the inclusion criteria were selected for
prophylactic injections according to randomization.
In each group, injections of 0.01% epinephrine or
normal saline were administered into the polyp stalk or
base using a flexible needle injector, before resection
with a standard snare. A total of 2-25 mL of solution
was injected in this study. The injection volume was
determined by observation of tissue elevation sufficient to
www.wjgnet.com
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Patients with a large colon polyp (n = 522)
Excluded (n = 36)
Requiring ESD method (n = 6)
Taking anticoagulants (n =8)
Severe co-morbidities (n = 7)
Abnormal coagulogram (n = 5)
No consent (n = 8)
Age < 18 (n = 2)
Randomized (n = 486)

Epinephrine group (n = 244)

No Bleeding (n = 232) Bleeding (n = 12)

Early bleeding (n = 11)

Saline group (n = 242)

No bleeding (n = 217)

Bleeding (n = 25)

Late bleeding (n = 1) Early bleeding (n = 21) Late bleeding (n = 4)

Figure 1 Flow of study participants.

perform polypectomy safely and completely.�������������
Polypectomy
������������
was executed according to the conventional method. The
polyps were snared with a diathermic snare, linked to an
electrocoagulator. The polyps were removed by bipolar
electrocauterization, using a blended current ���������
(setting
power: 30-40 Watts) ����������������������������������
only. If the remaining tissue was
under suspicion, the procedure was repeated until resection
was complete. After colonoscopic polypectomy, patients
were nonhospitalized, or hospitalized for observation for
24 h. Early bleeding was defined as hematochezia within
12 h of the procedure, and late bleeding as bleeding
occurring 12 h-30 d after the endoscopic procedure.
The data were analyzed in several subgroups within
each main group, according to the size, shape (protruding
type: sessile, semipedunculated, pedunculated or superficial
elevated type), and distribution of polyp (left colon, right
colon or both).
Histologic studies were performed on all removed
polyps. The resected polyps were fixed and embedded
in paraffin. Serial sections, perpendicular to the mucosal
surface, were obtained and stained with hematoxylin and
eosin. The data were analyzed by their histologic features
as nonneoplastic or neoplastic (dysplasia, high grade
dysplasia or carcinoma in situ, cancer). We determined
our sample size by assuming that submucosal salineepinephrine injection solution would reduce the bleeding
rate by 10%-20%, based on various reports of the rates
of PPB. Given α = 0.05, a power of 80%, we required a
sample size of 450 patients.�����������������������������
����������������������������
Data were analyzed by using
Statistical Package for the Social Sciences program (version
6.12, SAS Institute Inc, Cary, NC). Categorical variables
were compared by using the chi-square test. When two
variables were dichotomous, the Fisher������������������
’�����������������
s exact test was
used. To evaluate the continuous variables, Student���
’��s t
test was used. Multivariate
������������������������������������������
logistic regression analys���
e��s
were performed for the r�������������������
isk factor of
��������
PPB. P < 0.05 was
considered statistically significant.

RESULTS
In a total of 486 patients, 561 polyps were resected by
endoscopic polypectomy. The median age of the patients

Lee SH et al . P����������������������������������������������������������������
ostpolypectomy bleeding between epinephrine and saline injection

Table 2 Postpolypectomy bleeding, n (%)

Table 1 Baseline characteristics of the studied patients
Epinephrine group Normal saline group P
(n = 244)
(n = 242)
Clinical features
Age (mean ± SD)
Sex (Male%)
BMI (mean ± SD)
Endoscopic features
Total No. of polyps
Mean No. of polyps
Mean size of polyps
(mm)
Macroscopic form
of polyps
Pedunculated (Ip)
Semipedunculated
(Isp)
Sessile (Is)
Superficial elevated
type (Ⅱa)
Distribution of
polyps
Left colon
(descending-)
Right colon
(-transverse)
Both
Pathologic features
Non-neoplastic
Neoplastic
Dysplasia
HG dysplasia + CIS1
Cancer
Procedure related
features
Inexpert
operator2
En bloc resection

2975

Early bleeding
Late bleeding

Epinephrine group
(n = 244)
11 (4.5)
1 (0.4)

Normal saline group
(n = 242)
21 (8.7)
4 (1.7)

P value
0.065
0.154

56.0 ± 11.4
195 (70.9%)
23.0 ± 2.9

56.8 ± 11.3
184 (64.3%)
23.8 ± 2.7

0.429
0.096
0.572

275
1.13 ± 1.6
14.5 ± 5.7

286
1.18 ± 2.0
15.0 ± 6.8

0.587
0.149
0.318

Table 3 Risk factors for postpolypectomy bleeding (multivariable
analysis)

0.427

Risk factor

62 (22.5%)
93 (33.8%)

66 (23.1%)
107 (37.4%)

70 (25.5%)
50 (18.1%)

80 (28.0%)
33 (11.5%)

Size (> 2 cm)
Injection (normal saline only)
Pathology (neoplastic)
Morphology (protruding type: Ip, Isp, Is)
Inexpert operator (< 2 yr)
Hospitalization (not hospitalized)

Adjusted odds ratio
1
(95% CI)
1.07 (1.01, 1.14)
1.31 (0.57, 2.99)
9.88 (1.26, 77.75)
0.59 (0.18, 1.95)
2.62 (0.98, 7.06)
2.14 (0.57, 8.04)

P
0.034
0.527
0.029
0.393
0.056
0.261

0.809
1

Adjusted odds ratios are calculated from a multivariate logistic regression
model except for age, sex and procedure time.

131 (53.7%)

126 (52.1%)

51 (20.9%)

48 (19.8%)

62 (25.4%)

68 (28.1%)

23 (8.4%)

28 (9.8%)

0.557

184 (66.9%)
44 (16.0%)
24 (8.7%)

178 (62.2%)
51 (17.8%)
29 (10.2%)

0.269
0.626
0.557

42 (17.2%)

48 (19.8%)

0.626

261 (94.9%)

268 (93.7%)

0.070

1

HG + CIS, high grade dysplasia + carcinoma in situ. 2Inexpert operator,
experience in polypectomy < 2 years.

was 56.6 ± 11.3 years, 379 men and 182 women were
included in this study. There was no significant difference
between the two groups in clinical features and base line
characteristics, including the size, distribution, shape of
the polyps and the pathological diagnosis (Table 1). The
mean size of polyps was 14.5 mm ± 5.7 mm and 15.0 mm
± 6.8 mm in each group, and these polyps were usually
present in the left colon (53.7% and 52.1% in each group).
The protruding type of polyp was dominant, accounting
for ����������
74.5������
% and ������������������������������������������
72����������������������������������������
% in each group. Neoplastic polyps were
present in 91.6% and 90.2% of each group, including
coexisting cancer (���������
8.7������
% and ���������������������
10.2�����������������
% in each group,
respectively). The rate of en bloc polypectomy was high in
both groups, accounting for 94.9% (261/275) and 93.7%
(268/286) respectively.
Postpolypectomy bleeding
The overall rate of postpolypectomy bleeding (PPB)
was 4.���
9��
% (12/2����
���������
44��) �����������������������������
in the epinephrine group and ������
10.3��
%
(25/�����
242��) in
����������������������������������������������
the saline group. There was no statistical
significance in the overall PPB between the two groups.
Early PPB showed a tendency to be high in the saline
group (4.����
5���
% vs ������
8.7���
%, P = 0.0��������������������������������
65������������������������������
), but statistical difference

was not proved. Late PPB did not exhibit a statistical
difference in the two groups (0.4 % vs 1.����
7���
%, P = 0.1����
54��)
(Table 2).
Colonoscopic features of postpolypectomy bleeding
Colonoscopic features were not statistically different
between the two groups. There was no statistical difference
in the disrtibution of colon polyps and the presence of
multiplicity, or the shape of the colon polyp (������
T�����
able 1).
����
PPB was significantly higher in the case of large sized (> 2
cm) polyps (Table 3).
Histologic and other features of postpolypectomy bleeding
PPB was significantly higher in neoplastic polyps, but there
was no statistical significance in the pattern of neoplastic
histology (dysplasia, high grade dysplasia or carcinoma in situ,
cancer). The less experienced endoscopist (< 2 years) ob�
served high PPB in nonhospitalized patients, but a statistical
significance was not shown (Table 3). No free perforation
was observed in relation to the procedure. In all the pa�
tients with postpolypectomy bleeding, endoscopic treat�
ment was successfully performed without the need for
surgery or angiography.

DISCUSSION
Several prospective studies have shown that removal of
adenomatous polyps is associated with a reduction in the
1,2�]
incidence of colorectal cancer[����
. Endoscopic polypectomy
is a standard method of treatment of polyps in the
gastrointestinal tract, but it is associated with substantial
complications. Bleeding is the most frequent complication
of endoscopic polypectomy. The reported incidence of
1-5�]
bleeding after polypectomy ranges from 0.3% to 6.1%[����
.
To reduce this complication, two aspects of technical
development should be considered. One is the type of
cutting currents used, such as a pure cutting current,
blended current or pure coagulation. The other is the use
www.wjgnet.com
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of a submucosal cushion injection.
The effect of pure cutting current is to vaporize
the cells, whereas coagulation tends to heat-seal blood
11�]
vessels [���
. Therefore, the risk and pattern of bleeding
might be expected to differ depending on the type of
currents used. Using a pure cutting or a blended current,
the major episode was immediate hemorrhage, in contrast
12�]
to delayed hemorrhage with a pure coagulation current[���
.�
Pure cutting current has several advantages over pure
coagulation current because it is a faster procedure which
provides clearer margins in the resected specimen and
reduces the risk of transmural burn and perforation.
However, it is generally accepted that if pure cutting
current is used for polypectomy, hemostasis would be
inadequate, and the risk of bleeding is high[��4�]. Therefore, the
coagulation or blended electrosurgical current is generally
preferred, because it is believed to reduce the risk of major
hemorrhage. One survey of colonoscopic polypectomy
practices among clinical gastroenterologists reported that
the electrosurgical current used for polypectomy was
pure coagulation current in 46%, blended current in 46%,
and pure cutting current in 4% [��6�]. Because of the risk
of transmural burn and delayed bleeding which is more
difficult to treat than immediate bleeding, we theoretically
believe that the blended current is safer and more
effective than the pure coagulation current. In the present
study, to preclude interprocedural bias, only one type of
electrocoagulation or blended current, was used.
Submucosal saline injection has been demonstrated
to be an effective method for a complete endoscopic
13,14�]
polypectomy, especially in flat or sessile lesions [������
.
Elevation of the colorectal polyp far enough from the
muscle layer and serosal surface prevents a deep intramural
burn as well as perforation[��8�]. Besides the prevention of
perforation, the injection technique might also reduce the
9,14-16�]
bleeding rate after polypectomy[��������
. In one retrospective
[15]
study , among 77 polyps more than 15 mm in diameter,
there was no bleeding in the epinephrine injection group
(28 polyps). In contrast, 9 of 49 polypectomies (18.4%)
without submucosal injection were associated with a
bleeding episode. There are 2 prospective studies on the
efficacy of prophylactic submucosal saline-epinephrine
9,16�]
injection in colonoscopic polypectomy[�����
. A total of 120
patients with 151 sessile polyps were randomized into the
epinephrine injection group or the control group. There
was no significant difference in overall PPB, but immediate
bleeding occurred significantly less frequently in the
epinephrine group than in the control group (1/75 vs 7/76,
16�]
P = 0.03)[��9�]. In another prospective study[���
, 100 polyps
(more than 10 mm in size) were randomized to receive
submucosal injection or no injection, and there were nine
episodes of PPB, one in the epinephrine group and eight
in the control group (1/50 vs 8/50, P < 0.05). Although
submucosal saline-epinephrine injection has been shown
to reduce the risk of PPB, there is no prospective
randomized study to compare PPB between submucosal
saline injection with epinephrine and saline injection alone.
Various submucosal injection materials, such as hyaluronic
acid, fibrinogen mixtures and other viscoelastic substances,
have been introduced into the conventional polypectomy
and extended endoscopic mucosal resection, but these
www.wjgnet.com
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17,18�]
materials may have some side effects[������
. Submucosal
injection of diluted epinephrine is a simple, effective,
and cheap method for endoscopic polypectomy. The
proposed method can affect tamponade, vasoconstriction,
endarteritis, and possibly has a direct effect on the clotting
process at the site of arterial defect. One major concern
is the safety of epinephrine injection. However, side
effects seem to be very rare in all aspects of therapeutic
endoscopy, both epinephrine and mixed injection materials
carry unwanted theoretical risks, such as local ischemia and
19�]
cardiovascular side effects[���
.
In the present study, the epinephrine injection did not
show superiority over the saline injection in decreasing
PPB. There was no statistical significance in overall and
delayed PPB between the two groups. As in a prior study[��9�],
early PPB showed a tendency to be high in the saline group
(4.����
5���
% vs 8.7�����������������������������������������������
��������������������������������������������������
%), but statistical difference was not proved.
Although type-2 error could be influential, t�����������
his result
shows that there is no mandate to include epinephrine in
injection fluid for conventional colonoscopic polypectomy.
Immediate bleeding can generally be treated successfully
by endoscopic hemostasis. Some efforts have been made
to decrease the delayed PPB using mechanical devices and
many endoscopists prefer pretreatment of pedunculated
polyps with thick stalks by placement of a detachable
20,21�]
snare[������
. However, the clinical benefit may be marginally
significant only for pedunculated polyps. Therefore, the use
of detachable snares in clinical practice is not mandated.
Another prospective trial showed that prophylactic clip
placement does not decrease the occurrence of delayed
22�]
PPB [���
. In the present study, there was no preventive
method for delayed bleeding, and PPB was successfully
controlled by endoscopic hemostasis without operation or
angiographic embolization.
In general, the risk of PPB increases with the size of
polyps and a more proximal colonic location. For polyps
larger than 2 cm in diameter, particularly in the proximal
23,24�]
colon, bleeding rate may exceed 10%[������
. In the present
study, a multivariate logistic regression model excluding
age, sex and procedure time showed that the size of polyp
(> 2 cm) and neoplastic histology were associated with the
risk of PPB (P < 0.05). In terms of large polyps, possible
explanations for the increased risk are that resection
of large polyps is technically more difficult, and these
large lesions may contain large vessels. In terms of the
neoplastic histology, it is difficult to interpret this finding,
and to our knowledge, no study has shown such a result.
There was no statistical difference in the site of colon
polyp. Other possible causal factors for PPB include that
the less experienced endoscopist (< 2 years) observed
high PPB in nonhospitalized patients. However, these
differences did not show a statistical significance.
The main limitation of our study was the relatively
small sample size. Because the rate of PPB was less than
5�����������������������������������������������������
%����������������������������������������������������
-10%, larger-scale studies are necessary to confirm
our results. Another limitation was the method of
polypectomy. Recently, for flat or depressed lesions greater
than 20 mm in diameter, endoscopic mucosal resection
with precutting or endoscopic submucosal dissection
method has been recommended. It is presumed that
complication rate due to more complex methods will be

Lee SH et al . P����������������������������������������������������������������
ostpolypectomy bleeding between epinephrine and saline injection

different from that due to conventional snare polypectomy.
In conclusion, prophylactic submucosal injection
of diluted epinephrine does not appear to offer a
distinct advantage over saline injection for preventing
postpolypectomy bleeding. Submucosal injection of
normal saline is an adequate method for safe and effective
colonoscopic polypectomy using the conventional snare
method.
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Abstract
AIM: To investigate the frequency of serum IgAantiendomysial antibody positivity in patients with low
bone mineral density and to assess the risk group for
screening of celiac disease.
METHODS: One hundred and thirty-five patients (14
male, 121 female) with idiopathic low bone mineral
density were evaluated. The median age was 57.2 years
(24-81). Antiendomysial antibody was determined by
the immunofluorescence method using a commercial
kit (INOVA Diagnostics Inc., CA, USA), which employs
a 5 μm thin cryostat section of monkey esophagus as a
substrate.
RESULTS: Of the 135 patients evaluated, 13 were
found to have positive IgA antiendomysial antibody test
(9.6%) response. None of the patients had IgA deficiency.
Endoscopic appearance and histological examination were
normal in all of these patients. Seropositive patients had
significantly lower age (48.9 ± 4.3 vs 59.2 ± 6.2, P < 0.05),
higher ratio of male gender (61.5% vs 4.9%, P < 0.01) and
pre-menopausal status (8.7% vs 1.3%, P < 0.01). Lumbar
spine and femoral neck z-scores, but not t -scores were
significantly lower in seropositive patients. Seropositive
patients had lower serum 25 (OH) vitamin D, calcium
and higher serum parathormone levels than seronegative
patients.
CONCLUSION: The screening of celiac disease in
idiopathic osteoporosis should be restricted to patients
without classical risk factors (younger, pre-menopausal,
male gender) for osteoporosis. Bone mineral density
measurements using z-scores should be considered for
identifying risk groups for celiac disease.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Celiac disease (CD) is a life-long inflammatory condition
of the gastrointestinal tract that affects the small
intestine in genetically susceptible individuals[1]. Although
originally thought to occur only rarely in childhood, it
is now recognized as a common condition that could
be diagnosed at any age [2] . There is a wide range of
presentations from asymptomatic through fatigue and
vague abdominal symptoms, weight loss and diarrhea to
frank malabsorption with steatorrhea[1].
Osteomalacia is a well-recognized feature of CD in
adults and children [3,4]. This condition improves with
calcium and vitamin D supplementation. Bone pain,
pseudofractures or deformity may occur and the finding of
a raised serum alkaline phosphatase with normal calcium
and phosphate levels may be present.
Osteopenia and osteoporosis are also common
features. Bone mineral density (BMD) is usually reduced[5].
Osteopenia is the most common complication of CD and
its prevalence increases with age at diagnosis. More than
70% of patients with untreated CD have osteopenia [6]
and osteoporosis occurs in more than one quarter of all
patients[7].
The prevalence of CD in idiopathic osteoporotic
patients was investigated in many studies[8-15]. Controversy
still exists about the value of screening CD in patients
with low BMD. Recent findings indicated an increased
prevalence of CD in pre-menopausal women[10]; however,
a study on post-menopausal women failed to find a
significant difference from the normal population[9].
In order to assess the frequency of CD in patients with
low BMD, we have investigated the prevalence of EMAIgA positivity in this population.

MATERIALS AND METHODS
Patients
Subjects were prospectively recruited from unselected
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consecutive patients with a diagnosis of osteoporosis or
osteopenia in the Department of Physical Therapy and
Rehabilitation at Gazi University Faculty of Medicine
between April 2003 and January 2006. Inclusion criteria
were idiopathic low BMD (below 1 SD of the mean),
normal values of serum calcium, phosphorus, alkaline
phosphatase and creatinine. Exclusion criteria were
diseases affecting bone metabolism (Cushing’s disease,
hyperparathyroidism, hyperthyroidism, cholestatic liver
diseases, osteogenesis imperfecta, acromegaly, etc.),
neoplastic diseases or taking drugs known to affect bone
metabolism, such as corticosteroid, antiepileptics or
heparin or any other condition known to cause secondary
osteoporosis were excluded from the study.
Questionnaires
The data on the general health status and lifestyle factors
were collected by questionnaires. The questionnaire
included demog r a p h i c f ea tu r es, m en a r ch ea l a n d
menopausal age, parity, breast-feeding, consumption of
dairy products, smoking, alcohol consumption, medical
history including symptoms or signs of CD (diarrhea,
dyspepsia, bloating, altered bowel habits resembling
irritable bowel syndrome and anemia) and current diseases,
physical activity and immobilization history longer than 2
mo and previous fractures.
Bone mineral density measurements
BMD of the proximal femur and lumbar spine was carried
out using dual-energy X-ray absorptiometry (Hologic
QDR 4500C, Wolthom, MA, USA). BMD was expressed
as standard deviation scores, which compare individual
BMD determinations to those of young (T) and age/sexmatched (Z) normal populations.
Biochemical measurements
Biochemical parameters including ser um calcium,
phosphate, alkaline phosphatase and creatinine were
measured by standard automated techniques. Serum intact
parathyroid hormone (PTH) was measured using the
chemiluminescence method (PTH Intact DPC Immulite
2000 autoanalyser). 25-hidroxy-vitamin D were determined
by radioimmunoassay (RIA) using a commercial kit
(Biosource Inc., USA).
Hematological (hemoglobin, folic acid, vitamin B12,
mean corpuscular volume, erythrocyte sedimentation rate,
and immunoglobulin) tests were performed using routine
methods.
Determination of anti-endomysial antibody
EMA was determined by the immunofluorescence method
using a commercial kit (INOVA Diagnostics Inc., CA,
USA), which employs a 5 μm thin, cryostat section of
monkey esophagus as a substrate. Duplicate serum samples
were tested at a dilution of 1:5. Total IgA levels were also
determined. Sensitivity and specificity of EMA are 97.4%
and 99.6%, respectively[16,17].
Small bowel histology
All small intestinal biopsies are obtained via videogastroscope
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(from distal duodenum). At least three biopsies were obtained
and preserved conventionally. Pathologic assessment was
done by an experienced pathologist. The histological
characteristics of intestinal mucosa were assessed by
conventional microscopy.
Diagnosis of celiac disease
A minimal criterion for CD diagnosis was positive serology
together with characteristic features of intestinal mucosal
changes (villous atrophy, crypt hyperplasia, increased
intraepithelial lymphocyte infiltration > 30%).
Statistical analysis
Statistical analyses were performed using the SPSS 15.0
statistical program. Student’s unpaired t-test was used
for comparison of the differences between the EMA
positive and negative patients. In EMA positive patients,
Pearson’s correlation analysis was performed to assess the
association between BMD and Ca, PTH, 25(OH) vitamin
D levels. Data were expressed as the mean ± standard
deviation (SD). Differences were considered significant,
if the P values were less or equal to a level of 5% and all
results are expressed at a 95% confidence level.

RESULTS
One hundred and thirty-five patients (14 male, 121
female) with idiopathic low BMD were evaluated. The
median age was 57.2 years (24-81). Upon evaluation of
the questionnaires, none of the patients was found to have
signs or symptoms of CD such as malabsorption, diarrhea,
weight loss or anemia.
Of the 135 patients evaluated, 13 were found to have
positive IgA EMA test (9.6%). None of the patients had
IgA deficiency. All of the thirteen patients with positive
EMA in their sera underwent upper gastrointestinal
endoscopy and duodenal biopsy. Endoscopical appearance
of duodenal mucosa was normal in all of these patients.
The histopathological examination revealed non-specific
changes, such as mild lymphocyte infiltration in lamina
propria and none of them had findings consistent with
CD. We could not detect any patient with celiac disease in
this population.
For the statistical analysis, the data obtained from the
13 EMA positive patients were compared with the data of
122 EMA negative patients. The demographic features and
BMD values of these patients are shown in Table 1. When
EMA positive patients were compared with EMA negative
patients, EMA positive patients had significantly lower age
(48.9 ± 4.3 vs 59.2 ± 6.2, P < 0.05), higher ratio of male
gender (61.5% vs 4.9%, P < 0.01) and pre-menopausal
status (8.7% vs 1.3%, P < 0.01).
Other parameters including weight, height, BMI,
lumbar spine and femoral neck t-scores were similar
between groups. However, lumbar spine and femoral neck
z-scores were significantly lower in EMA positive patients
(Table 1).
Table 2 shows laboratory findings and comparison
between EMA positive and negative patients. EMA
positive patients had lower serum 25(OH) vitamin D,
www.wjgnet.com
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Table 1 Demographic features and BMD values of EMA
positive and negative patients

Table 2 Laboratory findings of EMA positive and negative
patients

Mean

Mean

EMA negative
(n = 122)

EMA positive
(n = 13)

25(OH) vitamin D (ng/mL)
Parathormone (pmol/L)
Hemoglobin (g/dL)
Mean corpuscular volume (fL)
Calcium (mg/dL)
Phosphorus (mg/dL)
ALP (IU/L)
Vitamin B12 (pg/mL)

19.8 ± 4.88
42.7 ± 14.8
12.3 ± 1.5
88.7 ± 4.8
9.7 ± 0.9
3.4 ± 0.4
70.6 ± 21.8
355.6 ± 121.7

11.6 ± 1.89b
59.9 ± 18.6b
11.9 ± 2.3
86.5 ± 3.2
9.0 ± 0.5a
3.2 ± 0.8
71.4 ± 12.8
302 ± 45.9

Age (yr)
Gender (M/F)
Pre-menopausal females
(n = 46) (%)
Post-menopausal females
(n = 75) (%)
Weight (kg)
Height (cm)
BMI (kg/m2)
Lumbar spine T-score
Femoral neck T-score
Lumbar spine z-score
Femoral neck z-score

EMA negative
(n = 122)

EMA positive
(n = 13)

59.2 ± 6.2
6/116
42/46 (91.3%)

48.9 ± 4.3a
8/5b
4/46 (8.7%)d

74/75 (98.7%)

1/75 (1.3%)d

65 ± 8.4
158 ± 6.7
26.5 ± 4.2
-2.8 ± 0.8
-3.1 ± 1.1
-2.0 ± 0.9
-1.9 ± 2.1

57 ± 4.1
157 ± 3.9
27.9 ± 3.1
-2.9 ± 0.9
-3.0 ± 0.4
-2.7 ± 2.2a
-2.4 ± 1.7a

a

P < 0.05 vs EMA negative groups (unpaired t-test); b,dP < 0.01 vs EMA
negative groups (unpaired t-test); BMI: Body mass index.

calcium and higher serum parathormone levels than EMA
negative patients. Other indices, including hemoglobin,
mean corpuscular volume, phosphorus and vitamin B12
were similar between groups.

DISCUSSION
Asymptomatic (subclinical and silent) CD manifests with
extra-intestinal features[1]. The most frequent extraintestinal
marker of subclinical CD is iron-deficiency anemia
(27.77%), alopecia and dermatitis herpetiformis (11.36%),
osteoporosis (6.81%) and recurrent aphtous stomatitis
(5.68%). The most frequent features in silent form of CD
are CD history in first-degree relatives (30%), Basedow’s
disease (25%) and insulin-dependent diabetes (20%).
Clinical diversity and its potential complications are the
main logic behind the studies investigating asymptomatic
CD. Lindh et al[15] reported the first seroprevalance study
of CD in idiopathic osteoporosis. They investigated 11 out
of 92 seropositive patients (11%). Duodenal biopsy was
positive in three of them. Similar findings were reported
in 255 osteoporotic women from Italy. The seroprevalance
was 9.4% (24 patients) and celiac disease histology was
verified in six of them[16].
Mather et al[14] reported conflicting results. Seropositivity
rate of EMA IgA was 7 out of 96 patients. However,
none of these patients had clues of CD in their duodenal
histology, nor had they altered intestinal permeability. The
authors mentioned the low titers of EMA in this subgroup of patients.
In another study from Argentina, 127 post-menopausal
women with osteoporosis were screened for CD. In this
study, one of 127 patients was diagnosed as CD compared
to six of 747 control g roup patients. The authors
concluded that it is unnecessary and not cost-effective to
screen post-menopausal women for CD[9].
EMA is directed against endomysium, a connective
t i s s u e p r o t e i n f o u n d b e t we e n myo f i b r i l s i n t h e
gastrointestinal tract of primates. Replacement of
primate esophagus with human umbilical cord as the
www.wjgnet.com

a

P < 0.05 vs EMA negative groups (unpaired t-test); bP < 0.01 vs EMA negative
groups (unpaired t-test).

substrate for EMA facilitated wider application of this
test. The sensitivity and specificity of EMA using primate
esophagus or umbilical cord as substrate are reported
as high as 97%-100% and 98%-99%, respectively [17,18].
IgA deficiency is frequent in CD patients and reported
as high as 2%-5%[19]. For this reason, adjunct total IgA
determination must be performed together with EMA.
EMA is considered as a “gold standard” in the serological
diagnosis of CD and antibody titers fall after strict glutenfree diet[18].
In our study, we have found 13 EMA positive results
out of 135 patients (9.6%). None of them exhibited
characteristic histological features of CD. These patients
did not have any other extra-intestinal manifestations of
CD.
Post-menopausal status, advanced age and female
gender are the established risk factors for low BMD[20].
O’Leary et al[21] from Ireland, studied 371 female subjects
attending for bone densitometry, without secondary causes
of osteoporosis. Two of 115 (1.7%) female subjects
with normal bone density and five of 256 (1.9%) female
subjects with sub-normal bone density were positive for
EMA.
In our study, EMA positive patients had significantly
lower age (48.9 ± 4.3 vs 59.2 ± 6.2, P < 0.05), higher
ratio of male gender (61.5% vs 4.9%, P < 0.01) and premenopausal status (8.7% vs 1.3%, P < 0.01). These patients
have lower risk factors for low BMD. In this sub-group
(pre-menopausal, younger patients or males), serological
screening led to higher frequency of EMA positive
patients.
Our findings also indicated that serum parathormone
levels were higher, however, 25(OH) vitamin D and serum
Ca levels were lower in the EMA positive group than the
EMA negative group (Table 2). These findings were also
reported in another study[10]. Armagan et al[10] studied 89
premenopausal women with idiopathic osteoporosis. Of
the 89 patients evaluated, 17 were found to have positive
IgA AGA tests (19%) and 9 were found to be positive
for EMA (10.11%). They also reported lower levels of
25(OH) vitamin D and serum Ca in EMA positive patients.
However, the main limitation of this study is the lack of
endoscopic and histologic evaluation of EMA positive
patients.
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Chronic gastrointestinal diseases can affect bone
remodeling by altering both systemic and local regulatory
factors, which means that bone loss can be induced by Ca
and phosphate alterations, hormones, and local factors
such as growth factors and cytokines. Although decreased
bone mass is clearly documented in celiac patients, the
underlying pathological mechanisms are still controversial.
It seems that at least two main mechanisms should be
considered. The first is due to intestinal malabsorption,
which can lead to not only Ca and vitamin D deficiency,
but also to general malnutrition and a reduced BMI;
the second is related to the presence of inflammation[5].
Absence of gastrointestinal and other symptoms of
CD is not a prerequisite for the development of bone
related complications. Malabsorption and inflammation
may not be the sole factors for decreased BMD in CD.
Sugai et al[22] reported increased prevalence of anti-bone
antibodies (51.5%) in CD and these antibodies significantly
decreased after gluten-free diet. Thus, biochemical
abnormalities, which were observed in our study in EMA
positive patients, might be a consequence of pathogenetic
mechanisms other than malabsorption in CD.
Controversial results obtained from previous studies
might be the result of the study cohort. Most of the
studies on post-menopausal women failed to find an
increased prevalence of CD in osteoporotic patients[9,14].
However, premenopausal women with low BMD have an
increased seroprevalence of EMA[10]. The results should
also be evaluated according to the baseline prevalence
of CD in the population studied. Such as in Ireland,
where the prevalence of CD is high[23], the prevalence of
CD among osteoporotic women and controls might be
similar[21].
Predominance of older, postmenopausal patients in
our study might affect our EMA seroprevalence. However,
postmenopausal patients might also have silent CD and
this might augment the degree of osteoporosis. For this
reason, we have not selected a premenopausal patient
cohort in this study.
Prevalence of CD in Turkey is reported in a recent
study on school-age children. Although adult prevalence
is lacking, prevalence of biopsy-proven CD in Turkey
is 1/115 in children [24]. This prevalence approximates
the prevalence in many European and North American
countries [16] . For this reason, the increased EMA
seroprevalence in our study (9.6%) is not augmented by
the background general prevalence of the disease.
In EMA positive patients, z-scores but not t-scores were
lower than EMA negative patients (Table 1). These two
scores are expressed as the number of standard deviations
by which BMD deviates from the mean value. The t-score is
expressed in relation to the mean value in subjects aged 30
years and the z-score to the mean age-matched value. At the
age of 30, the z-scores are close to the t-scores. The t-score
is an absolute measure, and as BMD decreases with age, an
increasing proportion of subjects will fall below a t-score
of -2.5. For this reason, z-score might be more sensitive
for detecting changes related to secondary (not postmenopausal bone loss related to age) causes of bone loss,
such as CD.
In conclusion, we have detected higher EMA
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seroprevalence in patients with idiopathic low BMD than
the general population. EMA positive patients are younger
and of premenopausal status or male gender predominates.
These patients have low serum values of Ca, 25(OH)
vitamin D, BMD (z-scores) and higher serum PTH. The
screening of CD in idiopathic osteoporosis should be
restricted to patients without classical risk factors for
osteoporosis (advanced age, post-menopausal). A novel
finding in our study is that z-scores are more accurate in
determining risky groups for CD. However, larger studies
are needed for clarifying this issue.
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INTRODUCTION
Abstract
AIM: To evaluate endoscopic findings and the prevalence
of H pylori in patients with Behcet’s disease (BD) who
have upper gastrointestinal symptoms.
METHODS: The patients with BD diagnosed according
to the International Study Group and followed up in
the Department of Dermatology and other related
departments and who had any upper gastrointestinal
complaints, were included in this study. Forty-five
patients with BD and 40 patients in the control group
were evaluated by upper gastrointestinal endoscopy and
two biopsied specimens were taken during endoscopy
for H pylori . A two-week triple therapy for H pylori
eradication was administered to H pylori positive
patients. Two months after the treatment, the patients
were evaluated by urea-breath test for eradication
control.
RESULTS: Patients with BD had a mean age of 36.2
± 11.4 years (18-67 years). The mean follow-up time
was 35 ± 14 mo (16-84 mo). Aphthous or deep ulcer
in esophagus, stomach and duodenum had never been
confirmed by endoscopic examination. Most gastric
lesions were gastric erosion (40%) and the most
duodenal lesions were duodenitis (17.5%) in two groups.
H pylori was positive in 33 patients (73.3%) with BD.
The two-week triple eradication therapy was successful
in 75% of the patients. There was no difference between
the groups in respect to prevalence of H pylori (73.3%
vs 75%, P > 0.05), and eradication rate (75% vs 70%, P
> 0.05).
CONCLUSION: Endoscopic findings, eradication rate
and prevalence of H pylori were similar in patients with

Behcet’s disease (BD), which was first described by
Hulusi Behcet in 1937 [1], is a multisystemic, chronic,
relapsing vasculitis of unknown origin that affects nearly
all organs and systems��������������
of patients��. �������������������
Involvement of the
gastrointestinal system is called Entero-Behcet’s disease.
The frequency of gastrointestinal involvement varies
among���������������������������������������������
countries, with a lower frequency in Turkey
(2.8%-5%), India (5.2%), and Israel (0%); a moderate
frequency in France (14%), England (14%), Kuwait,
and the United States (21%); and the highest frequency
in Scotland (50%) and Japan (50%-60%) [2]. The most
frequent extra-oral sites of gastrointestinal involvement
are the ileocecal region and the colon. Compared to the
other part����������������������������������������������������
s���������������������������������������������������
of the gastrointestinal tract, the gastric mucosa
appears to be the least frequently involved segment of the
gastrointestinal tract. Endoscopic findings are aphthous
ulcers, esophagitis, fistulae and stricture in esophagus,
aphthous ulcers and erosions in stomach, aphthous
ulcers, erosions and bulbitis in duodenum. The most
frequent gastric lesions of BD are aphthous ulcers. The
most common symptoms are abdominal pain that can be
colicky, nausea, vomiting, diarrhea with or without blood
in the stool, and constipation. The most common hepatic
complication of BD is Budd-Chiari syndrome[3]. �������
In the
literature a few clinical trial��������������������������������
s�������������������������������
exist in
������������������������
the �����������������
investigation ���
of
upper gastrointestinal tract involvement.

METHODS
Patients and control group
With���������������������������������������������
the approval by the ethics committee of the Ankara
�������
Diskapi Education and Research Hospital, Turkey, a
prospective study was conducted in the Department
of Internal Medicineand Department of Dermatology.
The patients with BD who were
������������������������
followed�����������
�������������������
����������
up in
�������
the�
www.wjgnet.com
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D�����������������������������������������������������
epartment of Dermatology were sent to ���������������
the D����������
epartment
of Internal Medicine to have
����������������������������
their gastrointestinal
�����������������
symptoms������������
evaluated��. They
���������������������������������
were diagnosed according to
the diagnostic criteria by the International Study Group for
BD[1]. �����������
Forty������
-�����
five ���������
patients �����
with ���
BD �����
aged over
����� 18
��� years
������ with
�����
gastrointestinal complain�����������������������������������
ts���������������������������������
were included in this study and
were evaluated by endoscopic examination.
Forty patients aged over 18 years with gastrointestinal
complain�����������������������������������
ts���������������������������������
were included as control group. ���������
Informed
consent was obtained from all subjects enrolled in the study.
Gastrointestinal complaints
Gastrointestinal complain�����������������������������������
t����������������������������������
s were noted before endoscopy and
required signed informed consent. Gastrointestinal symptoms
includ������������������������������������������������
e�����������������������������������������������
stomach pain, upper abdominal bloating, upper
abdominal dull ache, stomach pain before meals, stomach pain
when anxious, vomiting, nausea, belching, acid regurgitation,
heartburn, feeling of acidity in stomach and loss of appetite.
Additional alarm symptoms such as gastrointestinal bleeding
(rectal bleeding or melena), dramatic weight loss (���������
d��������
ramatic
weight loss was defined as weight loss of over 10% of body
weight), anemia, severe dysphagia ���������������������������
and abdominal
�����������������������
mass, family
histor�������������������������������������������������������
ies����������������������������������������������������
of gastric cancer and previous histor��������������
ies�����������
of peptic
ulcer were noted.
Exclusion criteria
Exclusion criteria include
��������������������������������
������������������������
past histor�������������
ies����������
of upper
gastrointestinal surgery, pregnancy, severe concomitant
illness, ������������
and use of H pylori eradication therapy (amoxicillin,
clarithromycin, metronidazole and tetracycline). Additional
proton pump inhibitors, bismuth, antibiotic, aspirin or
other nonsteroid anti-inflammatory drugs were stopped
for ��������������������������������������������������
endoscopic examination in the preceding two
����������
weeks�.
Endoscopic procedure
All endoscop���������������������������������������������
ic�������������������������������������������
procedures �������������������������������
for the
���������������������������
upper gastrointestinal
system were performed under appropriate sedation
(lidocaine 10 mg/puff for pharyngeal anesthesia and
intravenous midazolam 2.5-7.5 mg for premedication)
using the same videoendoscope (Olympus GIF Q240).
Endoscopic examination was performed by ���������
the same
�����
gastroenterologist. During endoscopy��������������������
,�������������������
two biopsies were
taken from the antrum for rapid urease test (RUT) and
histological examination. Patients were diagnosed hav����
ing�
Hp infection if either of the
�����������������������������
two
�������������������������
tests were positive. ���
If�
other lesions were
������������������������������������������
found �������������������������������
during endoscopic examination,
biopsy will be
��������������
performed��. ����������������������������
Histopathologic examination
was done by the
���������������������
same
�����������������
patholog����
ist�.
Therapeutic protocol for H pylori eradication
A two-week eradication therapy with amoxicillin 1 g,
clarithromycin 500 mg and lansoprazole 30 mg was
administered �������������������������������������
twice daily to
�������������������������
the
����������������������
������������������
patients who �����
were H��������
�������
pylori
positive by RUT or histopathologic examination. Two
month�������������������������������������������������������
s������������������������������������������������������
after the eradication therapy, all were evaluated by
the urea breath test (UBT) for eradication control.
Statistical analysis
Statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS, Inc., Chicago, IL)
(��������������������������������
10.0 software package program���
)��. Data
����������������������
were analyzed by
www.wjgnet.com
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Table 1 Characteristics of patients with Behcet's disease
Age (yr)
Female/male ratio
Mean duration of the disease (mo)
HLA B5 (+)
Recurrent oral ulcers
Eye lesions
Genital ulcers
Skin lesions
Arthralgia
Deep vein thrombosis
Positive pathergy test

36.2 ± 11.4 (18-67)
21/24
35 ± 14 (16-84)
89%
100%
22%
98%
13%
42%
0%
98%

definitive statistics (mean ± SD, maximum, minimum, and
percentage). Data between groups were compared with
independent sample t test and Fisher’s exact C����������
�����������
hi-square
test. P values less than 0.05 were considered statistically
significant.

RESULTS
Forty������������������������������������������������
-�����������������������������������������������
five patients (24 male, 21 female) with BD and
40����������������������������������������������������
patients (21 male, 19 female) ���������������������
of the control
��������������
group
underwent endoscopic examination. General characteristics
of the����������������������������������������
���������������������������������������
patients with BD are shown in Table 1. ���������
The mean
age of
��� the
���� patients
��������� with
����� BD
��� ����
was �����
36.2 ��
± �����
11.4 ������
years ��������
(range,
18-67 years) and �����
that of
��� the
���� control
�������� group
������ ����
was �����
34.8 ��
± �����
12.2
years (range, 20-63 years). The mean follow������������
-�����������
up time of
BD was 35 ± 14 mo (range, 16-84 mo).
Gastrointestinal complain��������������������������
t�������������������������
s of ��������������������
the two
����������������
groups were
similar. ������������������������������������
T�����������������������������������
he ��������������������������������
major ��������������������������
symptom was stomach pain. ������
Alarm
symptoms such as gastrointestinal bleeding, dramatic
weight loss, anemia, severe dysphagia���������������������
and�����������������
abdominal mass,
family histor�������������������������������������������������
ies����������������������������������������������
of gastric cancer, and previous histor�������
ies����
of
peptic ulcer were not noted in all patients. No patient had
a �����������������������������������������������
past history of upper gastrointestinal surgery.
The e����������
ndoscopic findings
��������� �����
were also
���������������������
similar between the�
����
two groups. Esophageal lesions such as ulceration, ulcer,
fistula, luminal stricture, pseudomembrane esophagitis,
and “downhill” or classical esophageal varices were not
confirmed� ���
in ����
the������������������������������������������
����
two
�����������������������������������������
��������
groups�������������������������������
, ����
nor �����
were ����
the ����������������
g���������������
astric lesions
such as ulceration and ulcer, but as superficial gastritis,
erosive gastritis and gastric erosion. The most common
endoscopic gastric lesion was gastric erosion (40.1% in
the patients with BD and 40% in control group). Erosive
gastritis was the second most frequent after gastric erosion.
Duodenal lesions, ulceration and ulcer were not found.
On the other hand�����������������������������������������
,����������������������������������������
duodenitis (17.7% in the patients with
BD and 17.5% in control group) was the most common
endoscopic duodenal lesion in both
�������������
groups.
�������� ������������
Aphthous or
deep ulcer in esophagus, stomach and duodenum has not
����
been confirmed���������������������������
by endoscopic examination ���
in �����
this �������
study.
The endoscopic findings in patients with and without H
pylori ��������������������������
are�����������������������
summarized in Table 2.
H pylori was positive in 33��������������������������
����������������������������
(73.3%) patients with BD
and 30�����������������������������������������������
�������������������������������������������������
(75%) ����������������������������������������
patients in the control
������������������������
group by RUT or
histopathologic examination��.�����������������������������
Those
����������������������������
patients were treated
by a two-week eradication therapy. Two month������������
s�����������
after the
eradication therapy�������������������������������������
,������������������������������������
the patients were evaluated by UBT
for eradication control. H pylori was negative i�����������
������������
n 25�������
���������
of ���
33�
with BD and �������������������������������
21�����������������������������
of 30
�������������������������
in the����������������
�������������������
control
���������������
group. �������������
The two-week
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Table 2 Endoscopic findings in patients with and without H pylori infection
Patients with BD n /%
Esophageal lesions1
Gastric
lesions
Duodenal lesions
Normal
Total

Gastric ulcer
Superficial gastritis
Erosive gastritis
Gastric erosion
Duodenal ulcer
Duodenitis

Control group n /%

Hp (+)

Hp (-)

Hp (+)

Hp (-)

-

-

-

-

8/17.7
9/20
14/31.2
7/15.5
2/4.4
33/73.3

2/4.4
2/4.4
4/8.9
1/2.2
4/8.9
12 26.7

8/20
8/20
12/30
6/15
2/5
30/75

2/5
2/5
4/10
1/2.5
2/5
10/25

BD: Behcet’s disease; Hp: H pylori; 1Esophageal lesions; ulceration or ulcer, fistula, luminal stricture, pseudomembrane esophagitis, esophageal varices.

triple eradication therapy was successful in �����������
75% in the
patients with BD and 70������������������������
%�����������������������
in the����������������
control
���������������
group. ����������
There was
no difference between the groups in respect to prevalence
of H�������
pylori
������ (73.3% vs 75%, P > 0.05) and eradication rate
(75% vs 70%, P > 0.05).

DISCUSSION
Compared to other parts of the gastrointestinal tract, the
gastric mucosa appears to be the least frequently involved
segment. Case������������������������
s ����������������������
of a Dieulafoy’s ulcer[4] and a gastric nonHodgkin’s lymphoma associated with BD [5] have been
described. Aphthous ulcers can occur in the duodenum.
In two large autopsy series, a total of six patients with
BD were found to have duodenal ulcers [6,7].�����������
Two cases
of duodenal involvement have been reported[8,9].��������
On the
contrary, the prevalence of combined gastric ulcers (3 of
28)� or
�������������������
����������������
duodenal ulcers ���
(3 ��������
of 28), ����
was ���������������������
significantly higher
in Chinese patients compared with previous reports[10].� ���
In
our study, aphthous or deep ulcer in esophagus, stomach
and duodenum was never been confirmed���������������
���������� by
��������������
endoscopic
examination. The most common endoscopic gastric lesion
was gastric erosion in ���������������
the two
�����������
groups.
T�������������������������������������������������������������
he patients who had past histor������������������������������
ies���������������������������
of upper gastrointestinal
surgery and who used H pylori eradication therapy were
excluded from our study �����������������������������������
and �������������������������������
the patients who ��������������
were included
���������
stopped taking
����������������������������������������������������
���������������������������������������������
proton pump inhibitors, bismuth, antibiotic,
aspirin or other nonsteroidal anti-inflammatory drugs ����
for the
����
endoscopic examination in the preceding ���������������������
two weeks������������
, ulcer can
����
not be confirmed����������������������������
by endoscopic examination. �������������
In addition��,�
none of the
����������������������������������������������������
patients
������������������������������������������������
had past histor������������������������
ies���������������������
of peptic ulcer and
gastrointestinal bleeding, abdominal mass, and family histor����
ies
of gastric cancer.
Two studies assessing the frequency of H pylori infection
in Turkish patients with BD have been reported[11,12]. �������
In the
first������������������������������������������������������
study������������������������������������������������
, urease positivity rate was 65% in 34 cases of
BD, being
������������������������������������������������
not different
��������������������������������������
from that of a control group[11].
In the second report, a higher prevalence (85%) was noted
and the presence of H pylori correlated with the disease
activity����������������������������������������������������
was �����������������������������������������������
manifested as the presence of gastrointestinal
complaints or endoscopic findings[12]. ��������������������
In a�����������������
recent
���������������
report,
only one of �������������������������������
28 patients
����������������������������
showed evidence of H pylori
infection[10].� In
����������������������������
our study, prevalence of H pylori was 73���
%,�
which ������������������������������������
was ��������������������������������
the same
����������������������������
with the
������������������
control
��������������
group.
A �����
study[13] reported that eradication rate with a one-

week eradication therapy (amoxicillin 1 g, clarithromycin
500 mg and lansoprazole 30 mg take
����������������������
twice daily)
�����������
was
65%. In
���������������������������������������������������
������������������������������������������������
our study, the����������������������������������
eradication
���������������������������������
rate with a two-week
eradication therapy for H pylori was 75% in the patients
with BD�������������������������������������������������
, which������������������������������������������
was similar �����������������������������
to that����������������������
���������������������
in the control
��������������
group.
In conclusion, endoscopic findings, eradication rate
and prevalence of H pylori are similar in patients with BD
and ������������������������������
patients in the control
��������������
group.

REFERENCES
1
2
3
4
5

6

7
8
9
10

11
12
13

Criteria for diagnosis of Behcet's disease. International Study
Group for Behcet's Disease. Lancet 1990; 335: 1078-1080
Bayraktar Y, Ozaslan E, Van Thiel DH. Gastrointestinal
manifestations of Behcet's disease. J Clin Gastroenterol 2000; 30:
144-154
Bayraktar Y, Balkanci F, Kansu E, Kayhan B, Arslan S,
Eryilmaz M, Telatar H. Budd-Chiari syndrome: analysis of 30
cases. Angiology 1993; 44: 541-551
Arendt T, Kloehn S, Bastian A, Bewig B, Lins M, Monig H,
Folsch UR. A case of Behcet's syndrome presenting with
Dieulafoy's ulcer. Z Gastroenterol 1997; 35: 935-938
Abe T, Yachi A, Yabana T, Ishii Y, Tosaka M, Yoshida Y,
Yonezawa K, Ono A, Ikeda N, Matsuya M. Gastric nonHodgkin's lymphoma associated with Behcet's disease. Intern
Med 1993; 32: 663-667
Kasahara Y, Tanaka S, Nishino M, Umemura H, Shiraha S,
Kuyama T. Intestinal involvement in Behcet's disease: review
of 136 surgical cases in the Japanese literature. Dis Colon
Rectum 1981; 24: 103-106
Chong VF, Pathmanathan R. Familial Behcet's syndrome
with intestinal involvement--case reports and a review of the
literature. Ann Acad Med Singapore 1993; 22: 807-810
Ozenc A, Bayraktar Y, Baykal A. Pyloric stenosis with
esophageal involvement in Behcet's syndrome. Am J
Gastroenterol 1990; 85: 727-728
Satake K, Yada K, Ikehara T, Umeyama K, Inoue T. Pyloric
stenosis: an unusual complication of Behcet's disease. Am J
Gastroenterol 1986; 81: 816-818
Ning-Sheng L, Ruay-Sheng L, Kuo-Chih T. High frequency
of unusual gastric/duodenal ulcers in patients with Behcet's
disease in Taiwan: a possible correlation of MHC molecules
with the development of gastric/duodenal ulcers. Clin
Rheumatol 2005; 24: 516-520
Ormeci N, Gurler A, Cakir M, Tolunay O, Bozkaya H, Yasa MH, et
al. Prevalence of H. pylori in Behcet’s disease. In: VII International
Conference on Behcet’s Disease. Rev Rhum Engl Ed 1996; 63: 558
Aksoz MK, Unsal B, Zeren I, Onder G, Ekinci N, Kosay S. The
upper gastrointestinal endoscopic and rectosigmoidoscopic
findings in Behcet’s disease. Turk J Gastroenterol 1995; 6: 172-174
Avci O, Ellidokuz E, Simsek I, Buyukgebiz B, Gunes AT. Helicobacter
pylori and Behcet's disease. Dermatology 1999; 199: 140-143
S- Editor Wang J

L- Editor Ma JY E- Editor Wang HF
www.wjgnet.com

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

World J Gastroenterol 2007 June 7; 13(21): 2986-2991
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

RAPID COMMUNICATION

Prognostic value of DNA alterations on chromosome 17p13.2
for intrahepatic cholangiocarcinoma
Ubol Chuensumran, Sopit Wongkham, Chawalit Pairojkul, Siri Chauin, Songsak Petmitr
Ubol Chuensumran, Songsak Petmitr, Department of Tropical
Nutrition and Food Science, Faculty of Tropical Medicine,
Mahidol University, Bangkok 10400, Thailand
Sopit Wongkham, Chawalit Pairojkul, Siri Chauin, Liver Fluke
and Cholangiocarcinoma Research Center, Faculty of Medicine,
Khon Kaen University, Khon Kaen 40002, Thailand
Supported by Rajabhat University Suan Dusit Fund; Faculty
of Tropical Medicine, Mahidol University; DAAD scholarship
through Southeast Asian Ministers of Education Organization,
Regional Tropical Medicine and Public Health Network
Correspondence to: Songsak Petmitr, PhD, Department
of Tropical Nutrition and Food Science, Faculty of Tropical
Medicine, Mahidol University, Bangkok 10400,
Thailand. tmspm@mahidol.ac.th
Telephone: +66-2-3549100-1581 Fax: +66-2-6447934
Received: 2007-02-28
Accepted: 2007-04-28

Abstract

amplification, allelic loss, and normal was 44.14 wk,
18.00 wk, and 24.29 wk, respectively (P = 0.005).
CONCLUSION: Alterations in the DNA sequence on
chromosome 17p13.2 may be involved in cholangiocarcinogenesis, and could be used as a prognostic
marker in the treatment of ICC patients.
© 2007 The WJG Press. All rights reserved.
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AIM: To characterize and evaluate DNA alterations
among intrahepatic cholangiocarcinoma (ICC) patients.
METHODS: DNA from tumor and corresponding normal
tissues of 52 patients was amplified with 33 arbitrary
primers. The DNA fragment that alters most frequently in
ICC was cloned, sequenced, and identified by comparison
with known nucleotide sequences in the genome
database (www.ncbi.nlm.nih.gov). The DNA copy
numbers of the allelic alterations in cholangiocarcinoma
were determined by quantitative real-time PCR and
interpreted as allelic loss or DNA amplification by
comparison with the reference gene. Associations
between allelic imbalance and clinicopathological
2
parameters of ICC patients were evaluated by χ -test.
The Kaplan-Meier method was used to analyze survival
rates.
RESULTS: From 33 primers, an altered DNA fragment
(518 bp) amplified from BC17 random primer was
found frequently in the tumors analyzed and mapped
to chromosome 17p13.2. Sixteen of 52 (31%) cases
showed DNA amplification, while 7 (13%) showed allelic
loss. Interestingly, DNA amplification on chromosome
17p13.2 was associated with a good prognosis, median
survival time (wk) of amp vs no amp was 44.14 vs 24.14,
P = 0.002; whereas allelic loss of this DNA sequence
corresponded with a poor prognosis, median survival
time (wk) of loss vs no loss was 18.00 vs 28.71, P =
0.019). Moreover, Kaplan-Meier curves comparing the
DNA alterations with survival depicted highly significant
separation that the median survival time equal to DNA
www.wjgnet.com

INTRODUCTION
Intrahepatic cholangiocarcinoma (ICC) is predominantly
found in Thai patients with bile duct cancer[1,2] and its
incidence is much higher in the northeastern region
of Thailand, where it is closely associated with liverfluke infestation[3-7] and the consumption of carcinogencontaminated daily foods[8]. Data from the World Health
Organization (WHO) database, and national registries
worldwide, show an increase in ICC-related mortality[9,10].
Recent investigations into the underlying molecular
mechanisms involved in cholangiocarcinogenesis and
tumor growth have contributed greatly to understanding
the disease. Significant progress has been made over
the past decade in defining molecular alterations
associated with cholangiocarcinoma (CCA). Alterations
in p53[11-13] and p16INK4α [12] are frequently detected in
CCA and likely contribute to oncogenesis in the biliary
tract. Other alterations that seem to occur early in
cholangiocarcinogenesis include over-expression of the
receptor tyrosine kinases (RTKs), ErbB-2, and Met [14]
as well as the up-regulation of COX-2 [15] . Likewise,
WISP1v expression has been found to be associated with
lymphatic and perineural spread of CCA and poor clinical
outcome [16] . Human telomerase reverse transcriptase
(hTERT) has also been detected in a high percentage of
analyzed cases of ICC, irrespective of tumor grade and
subtype, as well as heterogeneously in dysplastic lesions,
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suggesting that acquired hTERT activity may reflect an
early stage leading to CCA development[17]. However, the
clinical value of established survival predictors seems
limited, since they fail to reliably predict post-resection
survival.
With regards to genome scanning method, arbitrarily
primed polymerase chain reaction (AP-PCR) [18] , also
called random amplified polymorphic DNA (RAPD)[19],
has enormously wide application, since it can be used to
study virtually any nucleic acid entity, whether previously
characterized or not. The semi-quantitative native of APPCR has proven a promising technique for identifying
novel gene alterations in many human cancers[20].
In this study, we evaluated the DNA alteration as
a prognostic factor for survival of ICC patients postresection. The localization of an altered DNA fragment on
chromosome 17p13.2, which significantly predicted overall
survival of ICC patients is reported here for the first time.
Furthermore, the finding of aberrations in this DNA
region, correlating with clinicopathological parameters of
patients with ICC, was also demonstrated.

MATERIALS AND METHODS
Subjects and tissue samples
Samples from 52 cases with primary ICC (42 males and
10 females) and corresponding nor mal tissues were
obtained from Srinagarind Hospital, Faculty of Medicine,
Khon Kaen University, Khon Kaen, Thailand, during
surgical resection. The median age at diagnosis was 56
(range 26-75) years. This work was approved by the Ethics
Committee of the Faculty of Medicine, Khon Kaen
University, Thailand (HE471214). Samples were frozen
after resection and stored at -80℃ until DNA extraction.
None of the patients received radiation or chemotherapy
before surgery. All patients were residents of northeast
Thailand, where liver-fluke infections are highly endemic.
Hematoxylin-eosin stained sample sections from each
tumor block were examined microscopically to confirm
the presence of > 80% cancer cells. Paired normal tissues
from the same patient were used as controls and showed
normal histological features.
DNA preparation
Genomic DNA was isolated from fresh cancerous and
normal counterpart tissues by proteinase K digestion
and salting-out method[21], with some modifications. The
cancerous and normal tissues were embedded in optimum
cutting temperature (OCT) and cryostat tissue sections
were performed (10 μm). The tissue sections were washed
out 3 times from OCT with normal saline, then incubated
in lysis buffer (10 mmol/L Tris-HCl, pH 8.0, 400 mmol/L
NaCl, 2 mmol/L EDTA), 200 μL of 10% sodium dodecyl
sulfate (SDS) and 10 mg/mL proteinase K at 60℃ for 3
h. The solutions were mixed with 6 mmol/L NaCl, shaken
and centrifuged at 10 000 × g for 10 min at 4℃. DNA was
precipitated by absolute ethanol and washed 3 times with
70% ethanol. The DNA pellet obtained was dissolved
in TE buffer. DNA concentration was determined by
spectrophotometry at A260 nm. The paired DNA was
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equalized by comparison with PCR product amplified
from exon 1 of β-globin, a housekeeping gene (110 bp).
AP-PCR analysis
Thirty-three arbitrary decamer primers: AA14, AB19,
AD10, AO5, AO10, AO16, AO19, AP19, AT11, AT17,
AU1, AY19, AZ2, BB3, BB13, BC17, BF12, BG4, F2,
G14, H8, J3, L1, M7, M19, N20, O15, Q7, S3, S13, U8,
Y7, and Y19 (Operon, USA) were used in screening the
ICC genome for alterations. DNA isolated from ICC and
corresponding normal tissues of the same patients was
used as template. AP-PCR was performed in a thermal
cycler (GeneAmp 9700, Perkin-Elmer, USA) for 45 cycles
based on the method described by Williams et al[18]. The
total volume of 25 μL contained 100 ng of genomic DNA
extracted from carcinoma or corresponding normal tissues,
1× PCR buffer, 200 μmol/L each of dATP, dCTP, dGTP,
dTTP, 2.5 mmol/L MgCl2, 20 μmol/L of each random
ten-mer primer and 1 unit of Taq DNA polymerase
(Pharmacia Biotech, USA). Each cycle consisted of
denaturation at 95℃ for 1 min, annealing at 36℃ for
1 min, and extension at 72℃ for 2 min. Generally, we
adjusted the working DNA concentration at 20 ng/μL.
The AP-PCR products were resolved by electrophoresis
on 1.4% agarose gels. The gels were stained with ethidium
bromide for photography under UV light. By direct
visualization, the amplified DNA fragments exhibited
presence/absence, or increase/decrease, in ICC sample
intensity when compared case-by-case with the rest of the
bands. The DNA content in tumor and normal tissues was
normalized using β -globin gene amplification with primer
sequences 5'ACACAACTGTGTTCACTAGCA 3' (forward
primer) and 5'GGTGAACGTGGATGAAGTTG 3'
(reverse primer).
Cloning and sequencing of aberrant DNA fragment
The altered band (518 bp) employing the primer BC17 was
excised from the 0.8% agarose gels and purified with DNA
purifying kit (Nucleospin, Machery-Nagel GmbH & Co.
KG, Germany). The eluted DNA was confirmed for purity
and quantity on 0.8% agarose gels. The 518 bp fragment
was cloned using a TA cloning kit (Invitrogen, USA)
following the manufacturer’s instructions. Plasmid DNA
was isolated from each bacterial colony using a QIAGEN
plasmid kit (QIAGEN, USA). Restriction analysis of the
recombinant plasmid DNA was carried out by EcoRⅠ
digestion. The plasmid DNA containing DNA fragment
insertion was further nucleotide-sequenced with either
forward or reverse M13 primer as the sequencing primer
(customized by Macrogen Inc., Korea).
Bioinformatic analysis
The nucleotide sequences obtained from each clone were
identified by comparison with known nucleotide sequences
in the human genome database (http://www.ncbi.nlm.nih.
gov/blastn) via BLASTn program.
Real-time quantitative PCR
The 3 loci on chromosomes 2q24, 17p13.2, and 18p11
were identified from the altered band. Specific primers
www.wjgnet.com
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Figure 1 Representative AP-PCR fingerprints of ICC (T) and corresponding
normal tissue DNA (N), with primer BC17. Arrowhead indicates the position of
altered DNA fragments.
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Statistical analysis
Clinicopathological features of patients with ICC, including
patient’s age at initial diagnosis, gender, histological type,
tumor size, lymph node and/or intrahepatic metastasis,
were correlated with the alterations in the distinct region.
Results were evaluated by χ2-test. Survival analysis was
carried out with patients who were followed up for at
least 200 wk, or until death, after surgery. Three patients
who died in the post-operative period were excluded and
4 cases were lost to follow-up. Thus, only 45 patients
were available for the survival study. Overall survival
distributions were calculated by Kaplan-Meier method
www.wjgnet.com
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were designed using the GeneFisher program (http://
www.genefisher.com), i.e. 5'TGGACAAACAGGCTCCA
3' (forward primer) and 5'CTGGCTTCTCGCGAGA
3' (reverse primer) for DNA alteration on chromosome
2q24, 5'CATGCCAACTGCATCCA 3' (forward primer)
and 5'TCTCCAGTGGTTTCCCAA 3' (reverse primer)
for detection of allelic imbalance on chromosome 17p13.2
and 5'GAGTTGGACCTTTCCAGA 3' (forward primer)
and 5'TGCTTGCACAGATGTGA 3' (reverse primer)
for determination of DNA alteration on chromosome
18p11. The DNA alterations on these chromosomal loci
were detected by real-time PCR using the specific primers
(BioService Unit, Thailand). The β -globin gene amplified
from DNA extracted from cancerous and corresponding
nor mal tissues was nor malized as a reference gene.
PCR was performed in a total volume of 20 μL in each
LightCycler glass capillary, containing 40 ng genomic
DNA, 3 mmol/L MgCl2, 5 μmol/L of each primer and
1 × LightCycler FastStart DNA Master SYBR Green
Ⅰ(Roche Diagnostic, Germany). The PCR condition
consisted of an initial denaturation step at 95℃ for 15 s,
at 67℃-57℃ (step delay 15 cycles, touchdown PCR) for
5 s, and at 72℃ for 20 s. Thermal cycling and fluorescent
monitoring were performed using a LightCycler (Roche
Applied Science, Germany). The point at which the PCR
product is first detected above the fixed threshold, termed
the cycle threshold (Ct), was determined for each sample.
The relative concentrations were determined employing
Ct values, which are equivalent to the cycle number at
which the PCR product is first detected above a fixed
threshold. The Ct values obtained from the analyzer were
then calculated for DNA copy number utilizing the deltadelta-Ct method [22]. Samples were run in duplicate. In
this study, a sample with an amplification ≥ 1.5 fold was
interpreted as having DNA amplification, otherwise ≤
0.5 was interpreted as having allelic loss, and the rest was
interpreted as no aberration[23].
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Figure 2 Real-time PCR SYBR Green Ⅰ fluorescence record versus cycle
number of target fragment (518bp) and reference gene (β -globin) in tumor DNA
and corresponding normal DNA, in case of DNA amplification (A) and allelic loss (B).

and analyzed by log-rank test. P < 0.05 was considered
statistically significant.

RESULTS
DNA alterations detected by AP-PCR and quantitated by
real-time PCR
In this study, all genomic DNAs from 52 Thai patients
with ICC were analyzed using 33 different arbitrary
primers. Twenty-one of 33 decamer primers revealed
genetic aberrations. The highest frequency of altered band
(518 bp) was from a DNA fingerprint amplified from
the BC17 primer (Figure 1). The discriminative band was
cloned, sequenced, and identified by BLASTn program
for locus identification. The results revealed 3 different
sequences deposited in NCBI, including clone RP11357L2 on chromosome 2q24 (AC009961.11) and clone
RP11-931H21 on chromosome 17p13.2 (AP005900.1)
as well as clone RP11-459C13 on chromosome 18p11
(AC067815.5). The changes in DNA copy number at the
3 definite regions were quantitated by real-time PCR with
specific primers (Figure 2). Their reliability was confirmed
by running amplicons at cycle 33, the mid log phase of
fluorescence graph, on 0.8% agarose gel and stained with
ethidium bromide (Figure 3). The results indicated that, of
all 52 patients with ICC, aberrations in the DNA fragment
on chromosome 2q24 were observed in 9 cases (18%),
including 6 (12%) with DNA amplification and 3 (6%)
with allelic loss; 23 cases (44%) had allelic imbalance on
chromosome 17p13.2, of these, 16 (31%) showed DNA
amplification and 7 (13%) allelic loss; 27 cases (52%)
presented DNA alteration on chromosome 18p11, 25
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N
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N
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T
Chr 17p13.2

β-globin

Table 1 Clinocopathological parameters and DNA amplification
of the target fragment (518 bp) on chromosome 17p13.2 in
ICC patients
Parameters

Figure 3 Changes in DNA copy number of ICC (T) and corresponding normal
tissue DNA (N) compared with reference gene (β -globin). Case 11 showed no
change. Cases 23 and 31 showed loss of DNA copy number, whereas cases 26
and 45 showed DNA amplification at chromosome 17p13.2.

1.0

DNA amplification
Allelic loss
Normal
1-censored

Cum survival

0.8

0.6

0.4

0.2

0.0
0

50

100

150
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Age (yr)
≤ 50
> 50
Gender
Male
Female
Histological type
Well-differentiated
Moderately differentiated
Poorly differentiated
Tumor size (cm)
≤7
>7
Metastasis
Positive
Negative
Lymph node metastasis
Positive
Negative

DNA amplification
+
n (%)
n (%)

P

OR (95% CI)

0.771
6 (37.5)
12 (33.3)

10 (62.5)
24 (66.7)

14 (33.3)
4 (40.0)

28 (66.7)
6 (60.0)

7 (29.2)
7 (50.0)
5 (45.5)

17 (70.8)
7 (50.0)
6 (54.5)

3 (20.0)
3 (23.1)

12 (80.0)
10 (76.9)

14 (40.0)
4 (26.7)

21 (60.0)
11 (73.3)

8 (53.3)
10 (33.3)

7 (46.7)
20 (66.7)

1.00 (referent)
0.83 (0.24-2.84)
0.69
1.00 (referent)
1.33 (0.32-5.51)
0.61
1.00 (referent)
2.43 (0.51-12.04)
2.02 (0.37-11.45)
0.843
1.00 (referent)
1.20 (0.20-7.31)
0.368
1.83 (0.41-8.58)
1.00 (referent)
0.197
2.29 (0.54-9.88)
1.00 (referent)

200

Survival (wk)

Figure 4 Kaplan-Meier estimated survival rates according to the altered DNA
fragment on chromosome 17p13.2.

(48%) had DNA amplification and 2 (4%) allelic loss.
Association between allelic imbalance and patient
clinicopathological parameters
Statistical analysis showed that DNA amplification on
17p13.2 was associated with a good prognosis, median
survival time (wk) of amp vs no amp was 44.14 vs 24.14
(P = 0.002); whereas allelic loss on this chromosomal
region corresponded with a poor prognosis, median
survival time (wk) of loss vs no loss was 18.00 vs 28.71
(P = 0.019). Moreover, Kaplan-Meier survival curves
showed significant correlation with allelic aberrations on
chromosome 17p13.2, the median survival time equal to
DNA amplification, allelic loss, and normal was 44.14 wk,
18.00 wk, and 24.29 wk, respectively (P = 0.005 for all, by
log-rank test) (Figure 4). However, the DNA alterations
on chromosome 17p13.2 did not correlate with the
clinicopathological data (Tables 1 and 2).

DISCUSSION
The modified AP-PCR technique is a useful method
for screening genetic alterations in various cancers,
such as novel gene alteration on chromosome 11q23.2
in Wilms tumor[24], gene amplification on chromosome
10q24.3 in ovarian cancer[25], and DNA amplification on
chromosomes 2p25.3 and 7q11.23 in CCA[26]. In addition,
amplification of the DNA on chromosome 2p25.3 has
been predominantly observed in poorly differentiated
tumors of cholangiocarcinoma patients[26].
In this study, we used this AP-PCR technique to detect

Table 2 Clinocopathological parameters and allelic loss of the
target fragment (518 bp) on chromosome 17p13.2 in ICC
patients
Parameters

Age (yr)
≤ 50
> 50
Gender
Male
Female
Histological type
Well-differentiated
Moderately differentiated
Poorly differentiated
Tumor size (cm)
≤7
>7
Metastasis
Positive
Negative
Lymph node metastasis
Positive
Negative

Allelic loss
+
- n (%)
n (%)

PP

OR (95% CI)

0.456
3 (18.8)
4 (11.1)

13 (81.3)
32 (88.9)

6 (14.3)
1 (10.0)

36 (85.7)
99(90.0)
(90.0)

6 (25.0)
6 (42.85)
3 (27.27)

18 (75.0)
88(57.15)
(57.15)
88(72.73)
(72.73)

2 (13.3)
1 (7.7)

13 (86.7)
12 (92.3)

5 (14.3)
1 (6.7)

30 (85.7)
14 (93.3)

2 (13.3)
3 (10.0)

13 (86.7)
27 (90.0)

1.00 (referent)
0.54 (0.11-2.76)
0.721
1.00 (referent)
0.67 (0.07-6.26)
0.726
1.00 (referent)
2.25 (0.45-11.62)
1.13 (0.17-7.25)
0.63
1.00 (referent)
0.54 (0.04-6.77)
0.447
2.33 (0.22-57.93)
1.00 (referent)
0.737
1.38 (0.14-12.27)
1.00 (referent)

and characterize genomic instability in primary ICC.
According to the delta-delta-Ct method[22], the DNA copy
number could be detected by real-time PCR, calculated
and compared with an internal control [27,28]. The result
revealed allelic imbalance on chromosome 17p13.2 in 44%
of ICC patients and was prognostic for these patients.
BLAST analysis showed several candidate genes at this
chromosomal region, such as cyb5d2 (cytochrome b5
domain containing 2), zzef1 (zinc finger, ZZ-type with
EF-hand domain 1), atp2a3 (ATPase, Ca++ transporting,
ubiquitous), p2rx1 (purinergic receptor P2X, ligandwww.wjgnet.com
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gated ion channel, 1), and camkk1 (calcium/calmodulindependent protein kinase kinase 1, alpha). Of those,
variants of camkk1 gene confer susceptibility to lung
cancer[29].
In addition, this DNA fragment was located 3.5 Mbp
from p53 (17p13.1), a generally altered tumor-suppressor
gene that controls cell proliferation and survival through
several coordinated pathways, and this gene mutation plays
a key role in the development of several cancers, including
CCA[30-32].
Deletion of the 17p13.2 locus has also been connected
to breast cancer [33] , brain malignancy [34] and gastric
adenocarcinoma [35]. Likewise, the allelic imbalance on
chromosome 17p13 presented in various malignancies,
such as non-small-cell lung cancer (NSCLC)[36], natural
killer (NK) cell lymphomas/leukemias[37], and sporadic
breast cancer[38], indicating that the aberration imbalance
on chromosome 17p13-13.2 might play an important role
in cancer development.
In our series of 45 ICCs, Kaplan-Meier sur vival
analysis (Figure 4) showed that the altered DNA sequence
on chromosome 17p13.2 affected patient survival (P =
0.005), with DNA amplification patients having longer
lives (44 wk) than those with allelic loss in the particular
region (18 wk), showing that DNA alterations on
chromosome 17p13.2 could serve as prognostic indicators
for cholangiocarcinoma.
In keeping with the theory that pathological parameters
are not prognostic for ICC patients, age, gender, tumor
size, and metastasis all failed to correlate with outcome.
Lymph node metastasis is the strongest factor for ICC
after surgery[39-41]. Although previous reports suggested
that some types of ICC might be less aggressive, even
if lymph node metastasis is present [42-44] , some ICC
tumors might produce lymph node metastasis at an early
stage, suggesting that surgery might control lymph node
metastasis in selected ICC patients.
In conclusion, aberrations in DNA amplification on
chromosome 17p13.2 provide an independent biological
predictor of survival for ICC patients. Thus, assessment of
this specific region could help identify patients who might
benefit from particularly aggressive surgical strategies, and
could also be useful for planning adjuvant therapies during
follow-up.
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± 0.04 vs 0.43 ± 0.09, P < 0.05), whereas there was
no significant difference between BN and SAP groups
at each time point. The result of PAF-R protein showed
that the change of PAF-R protein in the SAP group and
the BN group was consistent with that of PAF-R mRNA.
There were significant differences at each time point
except 1 h, when compared with those in the NC group
(0.90 ± 0.02 or 0.80 ± 0.05 vs 0.48 ± 0.02, 1.69 ± 0.06
or 1.58 ± 0.02 vs 0.48 ± 0.03, 1.12 ± 0.10 or 0.98 ± 0.03
vs 0.49 ± 0.09, 1.04 ± 0.14 or 0.87 ± 0.02 vs 0.52 ± 0.08,
0.97 ± 0.16 or 0.90 ± 0.05 vs 0.49 ± 0.10, P < 0.05),
whereas there was no significant difference between the
BN group and the SAP group.

Abstract

CONCLUSION: PAF-R plays an important role in
occurrence and development of SAP. BN52021 exerts
biological effects through competitively inhibiting the
binding of increased both PAF and PAF-R expression
rather than through decreasing PAF-R expression in
pancreatic tissues.

AIM: To investigate the dynamic changes and significance of platelet activating factor receptor (PAF-R)
mRNA and protein in pancreatic tissues of rats with
severe acute pancreatitis (SAP) and effects of BN52021
(Ginkgolide B).
METHODS: Wistar male rats were randomly assigned
to the negative control group (NC group), SAP model
group (SAP group), and BN52051-remedy group (BN
group), and each of the groups was divided into 6
subgroups at different time points after operation (1 h,
2 h, 3 h, 6 h, 12 h, and 24 h) (n = 10 in each). PT-PCR
and Western blot methods were used to detect PAFRmRNA and protein expression in pancreatic tissues of
rats respectively. Pathological examination of pancreatic
tissues was performed and the serum amylase change
was detected.
RESULTS: Serum amylase and pathological results
showed the that SAP model was successfully prepared,
BN52021 was able to decrease serum amylase, and the
pathological ratings in BN group at 3 h, 6 h, and 12 h
significantly decreased compared with those in the SAP
group (8.85 ± 0.39 vs 5.95 ± 0.19, 9.15 ± 0.55 vs 5.55
± 0.36, 10.10 ± 0.65 vs 6.72 ± 0.30, P < 0.05). The
result of PAF-mRNA showed dynamic changes in SAP
and BN groups, which increased gradually in early stage,
reached a peak at 3 h (0.71 ± 0.14 vs 0.54 ± 0.14,
0.69 ± 0.13 vs 0.59 ± 0.04, P < 0.05), and decreased
gradually later. There were significant differences at each
time point except 1 h and 2 h, when compared with
those in the NC group (0.71 ± 0.14 or 0.69 ± 0.13 vs 0.47
± 0.10, 0.38 ± 0.08 or 0.59 ± 0.04 vs 0.47 ± 0.09, 0.25
± 0.07 or 0.29 ± 0.05 vs 0.46 ± 0.10, 0.20 ± 0.06 or 0.20
www.wjgnet.com

© 2007 The WJG Press. All rights reserved.

Key words: acute pancreatitis; platelet activating factor
receptor; BN52021
Xia SH, Hu CX, Zhao ZL, Xia GD, Di Y. Significance of
platelet activating factor receptor expression in pancreatic
tissues of rats with severe acute pancreatitis and effects of
BN52021. World J Gastroenterol 2007; 13(21): 2992-2998
http://www.wjgnet.com/1007-9327/13/2992.asp

INTRODUCTION
Severe acute pancreatitis (SAP) is a serious condition
which has an acute onset and a high death rate. So far, as
pathogenesis of SAP has not been clarified, there is no
clinically effective therapeutic strategy for it. Therefore,
research on its pathogenesis and treatment is quite
important. In recent years, people are concerned with
the significance of the signal transduction pathway of
platelet activating factor (PAF) in the pathogenesis. PAF
is an endogenous active substance produced by multiple
cells,which has extensively biological effects. Through
binding with platelet activating factor receptor (PAF-R),
PAF may, through G-protein transduction, activate

Xia SH� et al. Effect of BN52021 on PAF-R in pancreatitis

phospholipase C, phospholipase A 2, adenylate cyclase,
tyrosine protein kinase, etc.,leading to occurrence and
development of SAP[1,2]. BN52021 (Ginkgolide B) is a
terpinoid of gingko extract [3]. It is a potent antagonist
of PAF, and may inhibit platelet aggregation, antagonize
inflammation and shock, and protect blood vessels of
heart and brain[4]. BN52021 has shown significant effects
in treatment of experimental SAP[5]. The present study was
aimed to investigate the role of PAF-R and BN52021 in
occurrence and development of SAP, and its mechanism
of action. The dynamic change of PAF-R mRNA and
protein in pancreatic tissues of rats with SAP and the
effects of BN52021 were detected using PT-PCR and
Western blot analysis.

MATERIALS AND METHODS
Main reagents and apparatus
BN52021 and sodium taurocholate were purchased from
Sigma (St. Louis, MO, USA), amylase kit from Beijing
Kemei Reagent Co. (Beijing, China), trizol and diethyl
pyrocarbonate (DEPC) from Invitrogen (Carlsbad, CA,
USA), RT kit from MBI Fermentas (Ontario, Canada),
DNTPs and RNA enzyme inhibitor from TaKaRa Dalian
Co., Ltd. (Dalian, China), DNA Tag enzyme from Promega
(Madison, WI, USA), primary antibody of PAF-R rabbitanti-rat serum and the enhanced chemiluminescence (ECL)
system from Santa Cruz Biotechnology (Santa Cruz, CA,
USA), secondary antibody of sheep-anti-rabbit from
Beijing Dingguo Biotechnology Co., Ltd. (Beijing, China),
polyvinylidene fluoride (PVDF film) from Millipore Corp.
(Bedford, MA, USA), prestained marker from Beijing
Tianwei Time Biotechnology Co., Ltd. (Beijing, China),
β -actin from Beijing Zhongshan Biotechnology Co.,
Ltd. (Beijing, China), DYY-12 electrophoresis system
and electric trans-blot SD from Beijing Liuyi Instrument
Factory (Beijing, China), Type-2720 PCR apparatus from
ABI (Foster, CA, USA), and gel scanning and imaging
system and vertical electrophoresis system from Bio-Rad
(Hercules, CA, USA).
Experimental animal grouping and model preparation
One hundred and eighty Wistar male rats (Laboratory Animal
Center of PLA Academy of Military Medical Sciences,
Beijing, China), aged 6-8 wk, and weighing 200-220 g (Grade
Ⅱ, Certificate SCXK 2002-001) are used for this study.
All rats were maintained in an environment of controlled
"temperature (22-25℃)", humidity (55%-58%), and lighting
(12 h light/12 h dark), with free access to tap water and
regular chow diet. They were randomly assigned to the
negative control group (NC group, n = 60), SAP model
group (SAP group, n = 60), and BN52051-remedy group (BN
group, n = 60), and each of the above groups was divided into
6 subgroups at different time points after operation (1 h, 2 h,
3 h, 6 h, 12 h, and 24 h) (n = 10). SAP model was established
based on the method by Aho, et al[6]. Wistar male rats were
weighed, marked and fasted for 24 h before the operation,
with free access to water. The rats were anesthetized with
abdominal injection of 0.4% pentobarbital sodium (40 mg/
kg), and fixed in dorsal decubitus. A 2-cm cut was made at
the center of the upper belly, entering the abdominal cavity
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to look for rat’s duodenum and pancreaticobiliary duct. The
hepatic end of the pancreaticobiliary duct was clipped with a
non-invasive vascular clip, pancreaticobiliary duct retrograde
centesis was performed with a obtuse needle through
duodenum seromuscular layer. Then 5% sodium taurocholate
(0.1 mL/100 g) was injected in the retrograde direction of
pancreaticobiliary duct with a micro-syringe at an injection
rate of 0.20 mL/min. After injection of the drug, the port of
pancreaticobiliary duct entering duodenum was clipped with
a non-invasive vascular clip and observed for 10 min. After
confirming there was no active bleeding in the abdominal
cavity, we closed the abdomen in two layers, and covered the
cutting wound with sterile gauze. In the NC group, we stirred
duodenum and touch pancreas several times after opening the
abdomen. In the BN group, BN52021 (5 mg/kg: dissolved
with DMSO) was injected intravenously 15 min after the
operation. In the NC and the SAP groups, the same volume
of physiological saline (0.9% NaCl) was injected through a
femoral vein.
Collection and storage of samples
Rats in each group were anaesthetized at all time points
after the operation (1 h, 2 h, 3 h, 6 h, 12 h, and 24 h),
veinous blood was collected from the right atrium after
a 10-min water bath at 37℃, and then centrifuged for
10 min at 3000 g/min. The supernatant was placed
into a sterilized EP tube, and stored in a refrigerator at
-20℃ for determination of serum amylase. Meanwhile, a
portion of pancreatic tissues was placed in liquid nitrogen
overnight, and frozen in a refrigerator at -80℃. A portion
of pancreatic tissues was fixed with 40 g/L neutral buffer
formaldehyde, embedded with paraffin wax, cut into
slices and examined with HE staining, and pathological
observation and scoring were made.
Determination of serum amylase
Serum amylase was detected with fully automatic biochemical
apparatus and amylase kit.
Pathological observation and grading of pancreas
Pancreatic tissue samples were observed pathologically and
scored (Table 1): randomly select 10 visual fields under a
high-power microscope (HE stain, × 400), and conduct
grading and scoring as shown in Table 1.
Primers
PAF-R and β-actin primer series are provided by Invitrogen
(Carlsbad, CA, USA): PAF-R: F (Forward primer): 5'-C
CGCTGTGGATTGTCTATTA-3', R (Reverse primer):
5'-AGGAGG TGATGAAGATGTGG-3' (377 bp) [7] ;
β-actin: F: 5’-TCC TAGCACCATGAAGATC-3’, R: 5'-A
AACGCAGCTCAGTAACAG-3' (190 bp)[8].
Determination of PAF-RmRNA expression by RT-PCR
method
Total RNA from pancreatic tissue in each group was
extracted first. Afterward, intergrity of the total RNA was
checked with agarose electrophoresis, its concentration and
purity were determined with an UV spectrophotometer,
and the concentration of the total sample RNA was
calculated. RNA 5 μg and Oligo DT15 1.25 μg were placed
www.wjgnet.com
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Table 1 Scoring standard of pathological changes in rat
pancreatic tissues with SAP

Table 2 Serum amylase level at different time points in each
group after operation (n = 10, mean ± SD, U/L)

Pathological
grading

Groups

Edema

  Pathological
change

Scores

Inter-lobule local edema, widened pleura		
Inter-lobule diffuse edema, widened intra-lobule
clearance				
Increased intra-lobule clearance, alveolus swollen,
and separated				

Inflammatory White cells < 20/visual field under high-power
microscope				
Cell infiltration White cells 20-50/visual field under
high-power microscope			
White cells > 30/visual field under high-power
microscope, or micro-abscess occurs		

1
2
3
1
2

1

2

3

6

12

24

NC

1835.6
± 613.2

1491.5
± 507.0

1530.4
± 247.0

1400.2
± 447.5

2153.2
± 236.3

1337
± 243.7

SAP

2560.5
± 121.5a

2810.5
± 147.2a

4799.3
± 107.0a

4919.7
± 139.6a

3486.3
± 181.8a

2283
± 127.0a

BN

2214.5
± 109.1a

3331.7
± 196.4a

4185
± 147.8a,b

3784.7
± 124.1a,b

3454
± 264.1a

1360.4
± 161.4b

P < 0.05 vs NC group; bP < 0.05 vs SAP group.

a

3

Hemorrhage

Parenchymal hemorrhage < 20%		
Parenchymal hemorrhage 20%-50%		
Parenchymal hemorrhage > 50%		

1
2
3

Necrosis

Necrosis area < 20%			
Necrosis area 20%-50%			
Necrosis area > 50%			

1
2
3

into a water bath at 70℃ for 5 min, rapidly put into ice for
5 min, and centrifuged just for 15 s. 5 × M-MLV reverse
transcription buffer 5 mL, DNTPS 0.05 μ mol, RNA
enzyme inhibitor 40 U, M-MLV and reverse transcriptase
1 μL were added, then diluted to 25 μL with deionized
water treated by DEPC. The whole mixture was placed
at 42℃ for 60 min. Reverse transcription was conducted
and reverse transcriptase was deactivated at 95℃ for 5
min. Then the mixture was placed at 4℃ for 5 min and
preserved at -20℃.The PCR reaction system included:
reverse transcription product 50 μ L:3 μ L, DNTPS
0.01 μmol, 10 × PCR buffer 5 μL, MgCl2 (Magnesium
Chloride) 0.075 mol, PAF-R specific sense strand and antisense strand 50 pmol each, and β-actin sense strand and
anti-sense strand 50 pmol each. Reaction conditions were
as follows: pre-denaturizing at 94℃ for 3 min, denaturizing
at 94℃ for 45 s, annealing at 58℃ for 45 s, and extending
at 72℃ for 45 s, 38 cycles in total; extending at 72℃ for 7
min, and preserving at 4℃. The PCR product was included
in the PAF-R gene sequence of rat spleen (gi: 470384),
which was performed by Beijing Boya Biotechnology
Co., Ltd.. The PCR product was analyzed with gel
electrophoresis by 2% agarose, EB staining observation,
and a gel imaging system scanning. Gray level of PCR
product treated by PAF-R and β-actin was analyzed using
the Quantity-One Software, and the change of PAF-R
mRNA expression was evaluated semi-quantitatively.
Determination of PAF-R protein with Western blot
The prepared total protein was added to the gel-loading
buffer in the ratio of 1:2 and was boil in 100℃ water for
5 min. Electrophoresis with a vertical plate was conducted:
25 μL of the sample was added to two parallel gels, one
for staining, the other for transferring membrane. The
electrophoresis voltage 80 Ⅴ was used for 10 min for
concentration gel and 120 Ⅴ for 60 min for isolation of
gel. The gel and the membrane were placed between 6
filter papers and 2 foam pads, put into the electric transblot containing buffer, and then was added into ice-water
mixture to pre-cool for 10 min. Trans-blot was switched
www.wjgnet.com

Time phase points (h)

on for 4 h at a current of 1 mA/cm 2, staining for the
trans-blotted gel was performed, and whether the transblotting was complete was checked. The labeled PVDF
membrane was put in 0.05% Tween-20 buffer (TBST)
and closed for 1 h. PAF-R antibody (diluted in 1:200)
was added and was placed at 4℃ overnight. Afterward,
the PVDF membrane was washed with 0.05% TBST
for 3 times and each lasted 5 min. The washed PVDF
membrane was added into IgG (diluted in 1:200) that was
labeled by horseradish peroxidase and incubatedt at 4℃
overnight. Subsequently, PVDF membrane was immersed
in 3 mL mixture of A and B ECL working solution for
1 min and then taken out with forceps and wrapped well
with a charged nylon membrane. After exposure in a dark
room for imaging, the PVDF membrane was placed in the
desorption solvent and shaken at 50℃ for 30 min. After
being closed, β-actin primary antibody (diluted in 1:200)
was added and preserved at 4℃ overnight. The above
procedures were repeated and the IgG (diluted in 1:200)
labeled with horseradish peroxidase was added. Finally,
ECL coloration and imaging were performed. The image
was scanned into computer and was analyzed with the Gelimaging System. The optical density value and the the ratio
of the value of the former and the latter were calculated.
Statistical analysis
All the experiments were repeated for 3 times and their
average values were used as the final value. All values were
expressed with mean ± SD. Comparison of the difference
between paired group was performed using t test and
one-way ANOVA was used to analyze the differences of
multiple samples. P < 0.05 was considered statistically
significant. The statistical analysis was performed using
SPSS 11.5 statistical software (SPSS, Chicago, IL, USA).

RESULTS
Serum amylase
We showed that the serum amylase in the SAP group and
the BN group was more significantly increased at each time
phase point than in the NC group (P < 0.05); however, in
the BN group it became significantly lower at 3 h, 6 h, and
24 h than in the SAP group (P < 0.05) (Table 2).
pathological observation and scoring
The pathological results showed that there was no
obvious abnormality in abdominal cavity at each time
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Table 3 Scores of pancreatic tissues at different time points in
each group after operation (n = 10, mean ± SD)
Groups

Time phase points (h)
1

NC

2

0.12
± 0.05
4.82
± 0.35a
5.55
± 0.30a

SAP
BN

Table 4 Absorbance values of PAF-R mRNA in pancreatic
tissues at various time points in each group after operation
(n = 10, mean ± SD)

3

0.11
± 0.06
7.65
± 0.40a
6.65
± 0.42a

6

0.12
± 0.05
8.85
± 0.39a
5.95
± 0.19a,b

12

0.13
± 0.04
9.15
± 0.55a
5.55
± 0.36a,b

Groups

24

0.12
± 0.06
10.10
± 0.65a
6.72
± 0.30a,b

0.13
± 0.05
11.75
± 0.25a
9.95
± 0.58a

NC
SAP
BN

a

P < 0.05 vs NC group; bP < 0.05 vs SAP group.

Time phase points (h)
1

2

3

6

12

24

0.46
± 0.10
0.49
± 0.09
0.49
± 0.05

0.48
± 0.10
0.54
± 0.14
0.51
± 0.07

0.47
± 0.10
0.71
± 0.14a
0.69
± 0.13a

0.47
± 0.09
0.38
± 0.08a
0.59
± 0.04a

0.46
± 0.10
0.25
± 0.07a
0.29
± 0.05a

0.43
± 0.09
0.20
± 0.06a
0.20
± 0.04a

a

P < 0.05 vs NC group.

A

B

C
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7

Figure 1 Expression of PAF-R mRNA detected by RT-PCR at various time points in each group after operation. A: NC group; B: SAP group; C: BN group. 1: Marker, 2: 1 h,
3: 2 h, 4: 3 h, 5: 6 h, 6: 12 h, 7: 24 h.

phase point, and the pancreatic structure was normal in
the NC group. In the SAP group, hemorrhagic ascites
occurred, and necrosis focused in prancreas, a number of
saponifying spots were found in mesentery and greater
omentum, inflammatory cells infiltrated in pancreatic
stroma and glandular lobule, and diffuse bleeding and
piecemeal necrosis occurred. With time elapsed later, the
pathological changes were exacerbated. In the BN group,
the pathological changes were less serious than in the SAP
group. The scores in the SAP and the BN groups were
significantly higher at each time phase point than in the
NC group (P < 0.05); however, the scores in the BN group
were significantly lower at 3 h, 6 h, and 24 h than in the
SAP group (P < 0.05) (Table 3).
PAF-RmRNA expression in pancreatic tissues and
BN52021 effects
PAF-R mRNA expression was changed dynamically in
SAP and BN groups. It increased gradually in early stage,
reached a peak at 3 h (P < 0.05), and then decreased
gradually. There were significant differences at each time
point except 1 h and 2 h, when compared with those in
NC group (all P < 0.05), whereas there were no significant
differences between the BN and SAP groups at each time
point (Table 4, Figure 1).
PAF-R protein expression in pancreatic tissues and
BN52021 effects
The changes of PAF-R protein in SAP and BN groups
were consistent with those of PAF-R mRNA. There were
significant differences at each time point except 1h, when
compared with those in the NC group (all P < 0.05),

Table 5 Absorbance values of PAF-R protein in pancreatic
tissues at various time points in each group after operation (n
= 10, mean ± SD)
Groups
NC
SAP
BN

Time phase points (h)
1

2

3

6

12

24

0.44
± 0.02
0.53
± 0.03
0.43
± 0.06

0.48
± 0.02
0.90
± 0.02a
0.80
± 0.05a

0.48
± 0.03
1.69
± 0.06a
1.58
± 0.02a

0.49
± 0.09
1.12
± 0.10a
0.98
± 0.03a

0.52
± 0.08
1.04
± 0.14a
0.87
± 0.02a

0.49
± 0.10
0.97
± 0.16a
0.90
± 0.05a

a

P < 0.05 vs NC group.

whereas there was no significant difference between BN
group and SAP group (Table 5, Figure2).

DISCUSSION
At present, the four generally accepted mechanisms
associated with SAP are theories of self-digestion
of pancreas by pancreatic enzyme, microcirculation
disturbance of pancreas, over-activation of leucocytes, and
migration of intestinal bacteria in pancreas [9]. The four
mechanisms may interact with each other. All the four
theories concentrate on the important roles of cytokine
and inflammatory mediator in the pathogenesis of SAP
and the influence of PAF on SAP has been proved[10];
however, the actual mechanism still needs further investigations.
To date, PAF is the strongest platelet aggregation
www.wjgnet.com
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Figure 2 Expression of PAF-R protein at various time points in each group after
operation. A: NCgroup; B: SAP group; C: BN group. 1: 1 h, 2: 2 h, 3: 3 h, 4: 6 h, 5:
12 h, 6: 24 h.

agonist and active vascular lipid transmitter known[11,12]. It
may activate and aggregate neutrophils, and release free
oxygen radicals. It may act on endothelial cells of blood
vessel and increase permeability of micro-blood vessels
significantly, the effect of which is 1000-10 000 times
as great as that of histamine[13]. It may also exert effects
through a lot of inflammatory mediators, such as amines
(histamine, 5-HT, catecholamine, etc.), arachidonic acids
metabolites, as well as other activated fluid and cellular
substances (free oxygen radicals, lysozyme, cytokines,
etc.). Current studies have shown that PAF may transmit
signals and exert its biological effects through the signal
transduction system consisting of PAF-R, G-protein, and
membrane effector enzyme[14].
PAF-R was found in the ligand-binding experiment of
[3H]-PAF and [3H]-WEB2086, an antagonist of PAF-R[15].
It is a G-protein coupled receptor and it has been proved
that PAF-R exists in many cells of human beings and
animals, such as platelet, neutrophil, differentiated cell in
leukemia, T or B lymphocyte, monocyte, macrophage,
Kupffer cell, and smooth muscle cell[16]. Flickinger et al[17]
found that PAF-R exists in capillaries of rat pancreatic
tissues. Our study found that PAF-R also exists in nucleus
and cytoplasm of rat pancreatic islets [18]. Therefore, if
inflammation occurs in pancreatic tissues, the PAF released
from pancreatic cells will increase. A large number of PAF
will activate the signal transduction pathway of PAF and
PAF-R through bounding with PAF-R in endothelial cells
and pancreatic islet cells of pancreatic blood vessel. It
will interact with other inflammatory cytokines, resulting
in network effects and exacerbating injury to pancreatic
tissue. It is important to investigate the dynamic changes
of PAF-R in SAP and intervention.
This study showed that dynamic changes occurred
in PAF-R mRNA and protein in the SAP model group,
with similar trend. They increased gradually in the early
stage, reached a peak at 3 h, and then decreased gradually.
There were significant differences in the middle and late
stages of disease course compared with those in the NC
group. This suggested that PAF-R played a role in the
pathogenesis of SAP and a significant role in occurrence
and development of SAP. At 3 h, infiltration by substantial
inflammatory cells can be seen in the pathological slices
of pancreatic tissues of rats with SAP, including cells with
PAF-R expression, such as leucocyte, macrophage, and
monocyte. The results showed that the blood PAF level
of SAP increased gradually in the early stage; meanwhile,
www.wjgnet.com
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other inflammatory factors also increased, such as sPLA2
and TNF- α [19]. PLA 2 is a significant effector of PAF.
PLA2 may decompose phospholipid of cell membrane,
release PAF, and form a vicious cycle of the following
fashion: PAF synthesis → activation of signal transduction
pathway → increased PAF synthesis, to release substantial
inflammatory mediators to induce increased expression
of PAF-R [20,21]. TNF α may activate NF- κ B to induce
increased expression of PAF-R in MonoMac-1 [22] . A
previous study incubated B-lymphocytes with different
levels of PAF for 24 h and the results showed PAF-R
number substantially increased in such lymphocytes with
dose-dependence and without any change of receptor
affinity. However, it was reported that, in the early stage,
PAF expression decreased in the form of PAF-R mRNA
expression in renal mesangial cells when it was incubated,
the mechanism of which is still unclear[23].
The pathological results showed that large area
necrosis occurred at 6 h in rat pancreatic tissue of SAP.
The cells with expression of PAF-R were damaged, and
thus PAF-R expression decreased, which may be a key
reason for decreased PAF-R expression in the middle and
late stages of SAP course. Studies on human monocytes
showed that PAF was able to activate PKC. PKC was able
to deactivate PAF-R through phosphorylation, leading
to decreased PAF-R expression and inhabitation of PAF
effects [24]. It was suggested that there was a negative
feedback mechanism between deactivated PAF-R and PAF.
Low-level endotoxin was able to down-regulate PAF-R
expression in human macrophage through inhibiting
combination of NF-κB and DNA[12]. Endotoxin produced
due to infection in the middle and late stages of SAP
course was also able to down-regulate PAF-R expression
through NF-κB[25,26].
The expression of PAF-R in rat pancreatic tissues
with SAP increased in the early stage and then decreased
in the middle and late stages, being consistent with the
pathological change of pancreatic tissues. However,
there are many influencing factors that need further
investigations. It is also suggested that diagnosis and
treatment of SAP in the early stage is quite significant, and
that further investigation, as well as use of specific PAF-R
antagonist in the early stage, is particularly significant.
BN52021 is a specific PAF-R antagonist[27,28]. It is able
to antagonize binding of PAF and its receptor (PAF-R)
competitively, and thus PAF is unable to activate effector
enzyme through G-protein transduction to block signal
transduction of PAF-R[29]. The results of our early studies
showed that Ginkgolide B was able to decrease the PAF
level in blood, thus decreasing biological effects of PAF.
The serum amylase and pathological results of this
study showed that BN52021 decreased serum amylase and
pathological scores of SAP to some extent, thus exerting
some therapeutic effects; however, it showed no significant
effect for PAF-R expression in SAP course. It is obvious
that BN52021 decreases the biological effects of PAF
possibly through inhibiting binding of increased PAF with
PAF-R with increased expression, other than through
decreasing PAF-R expression. It inhibits PAF signal
transduction and release and self-activation of pancreatic
enzyme, and finally plays a therapeutic role in SAP.

Xia SH� et al. Effect of BN52021 on PAF-R in pancreatitis

To sum up, many factors induce the increased PAF-R
expression in pancreatic tissues in the early stage of SAP,
and the increased plasma PAF may bind PAF-R at many
sites, which expands its biological effects of PAF, increases
inflammatory network effects to a large extent, and
exacerbates the injury of pancreatic and non-pancreatic
tissues. Regarding treatment of rats with SAP, BN52021
exerts biological effects through competitively inhibiting
the binding of increased both PAF and PAF-R expression
rather than through decreasing PAF-R expression in
pancreatic tissues.

COMMENTS
Background

BN52021 (ginkgolide B) is a specific antagonist to platelet activating factor
receptor (PAF-R). In recent years, studies at home and abroad have showed that
it has significant physiological activities, such as platelet aggregration inhibition,
anti-inflammation, anti-shock, etc. BN52021 has significant effects in treatment
of animals with severe acute pancreatitis (SAP). But the exact pathogenesis of
BN52021 on SAP is unknown. This study was aimed at dynamically investigating
the changes and significance of the expression of PAF-R mRNA and its protein in
pancreatic tissues and effects of BN52021 in rats with SAP.
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to activate the signal transduction pathway between PAF and PAF-R, and interact
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injury to various tissues. BN52021, code of ginkgolide B, one of the effective
components of Chinese medicine Ginkgo Biloba leaf and a strong antagonist
against the inflammatory medium of PAF, can not only block the signal transduction
of PAF but also decrease the blood content of PAF to exert its biological effects. It
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Abstract
AIM: To estimate the prognosis of patients with liver
failure using a scoring model of severe viral hepatitis
(SMSVH) and a model of end stage liver disease (MELD)
to provide a scientific basis for clinical decision of
treatment.
METHODS: One hundred and twenty patients with liver
failure due to severe viral hepatitis were investigated
with SMSVH established. Patients with acute, subacute,
and chronic liver failure were 40, 46 and 34, respectively.
The follow-up time was 6 mo. The survival rates of
patients with liver failure in 2 wk, 4 wk, 3 mo and 6 mo
were estimated with Kaplan-Meier method. Comparison
between SMSVH and MELD was made using ROC statistic
analysis.
RESULTS: The survival curves of group A (at low risk,
SMSVH score ≤ 4) and group B (at high risk, SMSVH score
≥ 5) were significantly different (The 4-wk, 3-mo, 6-mo
survival rates were 94.59%, 54.05%, 43.24% in group A,
and 51.81%, 20.48%, 12.05% in group B, respectively,
P < 0.001). The survival curves of group C (SMSVH
scores unchanged or increased), group D (SMSVH scores
decreased by 1) and group E (SMSVH scores decreased
by 2 or more) were significantly different .The survival
rates of groups C, D and E were 66.15%, 100%, 100%
in 2-wk; 40.0%, 91.18%, 100% in 4-wk; 0%, 58.82%,
80.95% in 3-mo and 0%, 38.24%, 61.90% in 6-mo,
respectively, P < 0.001). The area under the ROC curve
(AUC) of SMSVH scores at baseline and after 2 wk of
therapy was significantly higher than that under the ROC
curve of MELD scores (0.804 and 0.934 vs 0.689, P <
0.001).
CONCLUSION: SMSVH is superior to MELD in the

estimation of the prognosis of patients with severe
viral hepatitis within 6 mo. SMSVH may be regarded
as a criterion for estimation of the efficacy of medical
treatment and the decision of clinical treatment.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The prognosis of patients with severe viral hepatitis is
a concern of clinicians, patients and their relatives. The
factors that may influence the prognosis of patients with
severe viral hepatitis are complicated. Many investigators
have studied the clinical condition and prognosis of severe
viral hepatitis with multiple factor regression analysis, and
the results are generally consistent[1-3]. We have previously
established a scoring model of severe viral hepatitis
(SMSVH) with logistic regression analysis[1]. The survival
rate of patients with liver failure in 6 mo was investigated
with SMSVH in this study, and the accuracy of SMSVH
and model of end stage liver disease (MELD) was
compared.

MATERIALS AND METHODS
Subjects
One hundred and twenty patients with liver failure due to
severe viral hepatitis admitted to Beijing Youan Hospital
in October 2002-January 2004 were enrolled in this study.
A diagnostic workup was performed including physical
examination, laboratory tests and liver pathology according
to the criteria suggested by Chinese Medical Association
for Liver Diseases in 2000. In brief, the diagnostic criteria
of acute liver failure include significant digestive symptoms,
extreme fatigue, hepatic encephalopathy within 2 wk, and
prothrombin activity less than 40%. The diagnostic criteria
of subacute liver failure include symptoms, physical
examination and laboratory test between 15 d and 24 wk.
www.wjgnet.com
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Table 1 Scoring model of the prognosis of patients with severe
viral hepatitis
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Table 3 Survival rates of patients in groups C, D and E
2

Variables
0
Clinical type
HE
PTA (%)
Serum sodium
(mmol/L)

≥ 80
≥ 135

Scores
1
2
Chronic
Subacute
Grade 1-2
Grade 3
60-80
40-60
125-135
120-125

3
Acute
Grade 4-5
< 40
< 120

HE: hepatic encephalopathy; PT: prothrombin time; PTA: prothrombin
activity. PTA= (control`PT-8.7) ÷ (patient`s PT-8.7) × 100%.

Table 2 Survival rates of patients in groups A and B

2 wk (N)
4 wk (N)
3 mo (N)
6 mo (N)

2

Group A

Group B

χ

P

97.30% (36/37)
94.59% (35/37)
54.05% (20/37)
43.24% (16/37)

74.70% (62/83)
51.81% (43/83)
20.48% (17/83)
12.05% (10/83)

8.729
20.594
13.525
14.673

0.003
< 0.001
< 0.001
< 0.001

The chronic liver failure diagnostic criteria include a history
of chronic liver diseases, clinical manifestations similar to
those of subacute liver failure, prothrombin activity lower
than 40%, serum total bilirubin greater than 10 times of
normal upper limit. Of the 120 subjects, 40 had acute liver
failur, 46 had subacute liver failure, and 34 had chronic
liver failure. The ratio of males to females was 98/22 and
the age ranged from 17 to 74 years, the mean age was 42.5
years. The study was performed in accordance with the
Declaration of Helsinki. The study program was explained
to the patients and/or their relatives and informed consent
was obtained from all patients. The study was approved
by the Ethical Committee of Beijing You'an Hospital of
Capital Medical University.
Data collection
Blood was drawn from all patients for analysis of
prothrombin, albumin, ALT, AST, alkaline phosphatase,
gamma glutamyl transferase, bilir ubin, cholesterol,
createinine, urea nitrogen, serum Na+, Cl- and K+ using
OLYMPUS automatic biochemical analyzer. In addition,
blood was obtained for markers of hepatitis B or C by
ELISA method and hepatitis B DNA by real-time PCR.
Complications of liver disease were noted in the patients.
The data for blood test were provided by the National
Center for Clinical Laboratory.
The scoring model established with 4 independent risk
factors is presented in Table 1. The patients were scored
with SMSVH at admission and after 2 wk of medical
therapy, and divided into group A (at low risk, SMSVH
score ≤ 4) and group B (at high risk, SMSVH score ≥ 5)
according to the cutoff value of the SMSVH score 5 at
admission.
T he MELD score was calculated using MELD
formula[4]: MELDscore = 3.8 × ln (total bilirubin mg/dL)
+ 11.2 × ln (INR) + 9.6 × ln (creatinine mg/dL) + 6.4
× ln (etiology: coefficient was zero in alcoholic hepatitis
patients, or 1 in virus hepatitis). INR = prothrombin time ÷ 12.

www.wjgnet.com

χ
Group C
Group D
Group E
P
2 wk (N) 66.15% (43/65) 100% (34/34) 100% (21/21) 22.794 < 0.001
4 wk (N)
40% (26/65) 91.18% (31/34) 100% (21/21) 39.405 < 0.001
3 mo (N)
0% (0/65) 58.82% (20/34) 80.95% (17/21) 66.201 < 0.001
6 mo (N)
0% (0/65) 38.24% (13/34) 61.90% (13/21) 43.512 < 0.001

A case database was established with 6 mo as the
follow-up endpoint. The subjects were divided into
3 groups according to the changes in SMSVH scores
after 2 wk of medical therapy: group C (SMSVH scores
unchanged or increased), group D (SMSVH scores
decreased by 1) and group E (SMSVH scores decreased by
2 or more).
Statistical analysis
Statistical analysis was performed using SPSS softaware(version13.0 for Windows). For dichotomous
variables, data were analyzed by Fisher's exact test, and chisquare test. For continuous variables, data were evaluated
with Student's t test. Logistic analysis was used to assess
the likelihood of influence of various factors on risk of
progressive diseases. Survival curves of patients with
liver failure were plotted according to the Kaplan-Meier
method. P < 0.05 was considered statistically significant.
The accuracy of SMSVH and MELD in estimating the
prognosis of patients was compared by ROC statistical
analysis.

RESULTS
Predicting survival using SMSVH
The 3- and 6-mo survival rate was 54.05% and 43.24%,
respectively in g roup A and 20.48% and 12.05%,
respectively in group B (P < 0.001, Table 2). The survival
curves of the two groups differed significantly ( χ 2 =
22.858, P < 0.001), and the average survival time of
groups A and B was 116.4 d (95% CI: 95.7-137.1) and 53.3
d (95% CI: 40.8-65.8), respectively (Table 3).
Statistical analysis with Kaplan-Meier method showed
that the 4-wk survival rate was 40.0% in group C and the
4-wk, 3-and 6-mo survival rate was 91.18%, 58.82% and
38.24%, respectively in group D, and 100%, 80.95% and
61.90%, respectively in group E (Table 3). The survival
curves for the 3 groups differed significantly (χ2 = 91.159,
P < 0.001). The average survival time of groups C, D
and E was 25.8 d (95% CI: 21.6-30.1), 110.4 d (95%
CI: 89.1-131.8), and 153.0 d (95% CI: 133.9-172.0),
respectively. The sur vival time of the three groups
increased gradually. The 6-mo survival rate of patients with
liver failure whose SMSVH scores decreased by 2 or more
was 61.90%, significantly higher than that of the patients
whose SMSVH scores unchanged or increased after 2 wk
of medical therapy (P < 0.001). SMSVH score could help
estimate the survival time of patients with liver failure
within 6 mo and decide clinical treatment and reasonable
distribution of medical resources (Figures 1 and 2).

Zhou L et al . Comparison of SMSVH and MELD for prognosis of patients with liver failure
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Figure 1 Kaplan-Meier survival curves for group A (at low risk, SMSVH scores ≤
4) and group B (at high risk, SMSVH scores ≥ 5).

0.6

0.4

0.2

0.0
0.0

0.2

0.4
0.6
1-Specificity

0.8

1.0

Figure 3 ROC curves for the 6-mo survival rate estimated with MELD and
SMSVH at baseline (SMSVH0) and after 2 wk of medical therapy (SMSVH1).
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Figure 2 Kaplan-Meier survival curves for group C (SMSVH score unchanged
or increased) and group D (SMSVH score decrease by 1) and group E (SMSVH
score decreased by 2 or more) after 2 wk of medical therapy.

Comparison of SMSVH and MEL in estimation of survival
The SMSVH scores were analyzed with ROC cur ve
(Figure 3), and the cutoff value for the scores was 5.
The sensitivity and specificity were 77.7% and 88.0%,
respectively. The area under the ROC curve of SMSVH
scores at baseline and after 2 wk of medical therapy
was 0.804 (95% CI: 0.708-0.901) and 0.934 (95% CI:
0.883-0.985), respectively. The area under the ROC
curve of MELD scores at baseline was 0.689 (95% CI:
0.563-0.814), significantly lower than that under the ROC
curve of SMSVH scores at baseline and after 2 wk of
medical therapy (P < 0.001). The results demonstrated that
the SMSVH scores at baseline and after 2 wk of medical
therapy were more useful than MELD scores at baseline in
estimating the prognosis of patients with liver failure.

DISCUSSION
Liver failure is induced by severe viral hepatitis and a series
of complications due to extensive degeneration, necrosis
and apoptosis of hepatocytes [2]. Severe viral hepatitis
is dangerous, deteriorates rapidly and the case fatality
rate is up to 60%-80% [1,5]. The factors that influence
the prognosis of patients with severe viral hepatitis are
multiple and complicated. Many investigators have studied

the clinical condition and prognosis of severe hepatitis
by multiple factor regression analysis, and the results
are generally consistent [1-3]. In our previous study [1], 9
factors including metabolic acidosis, serum sodium, PTA,
serum bilirubin, clinical type, hepatic encephalopathy,
gastrointestinal bleeding, serum urea nitrogen, and
spontaneous peritonitis were found to be associated with
the prognosis of severe viral hepatitis, while 4 factors
including serum sodium, PTA, clinical type and hepatic
encephalopathy could be used as independent risk factors
in estimation of the prognosis of patients with severe
viral hepatitis, and SMSVH was established according to
the four factors. The SMSVH scores of ≥ 5 were taken
as the cutoff value in estimating the prognosis of the
patients, and its accuracy was 80%[1]. Other factors such
as the sex and age of patients, the type and titration of
the virus were not significantly related to the prognosis of
patients with severe viral hepatitis, which is consistent with
the reported results[1,6-8]. A prognostic index consisting
of 4 clinical and laboratory features, namely clinical type,
low serum sodium and PTA, hepatic encephalopathy, can
predict the likelihood of death significantly better than
other published models suggesting that disease specific
prognostic models and may be of value in patients with
severe liver diseases in China.
It was reported that recovery from liver impairment
after hepatectomy for hepatocellular carcinoma in cirrhosis
starts from postoperative d 3 (POD), increased MELD
scores between PODs 3 and 5 may identify patients at risk
of liver failure and represents the trigger for beginning
intensive treatment or evaluating salvage transplantation[9].
In this study, the survival time of 120 patients with liver
failure was investigated with SMSVH, the results showed
that SMSVH score of ≥ 5 was the best cutoff value in
estimating the prognosis of the patients. The case fatality
rate in 3- and 6-mo was 79.52% and 87.95%, respectively,
which is similar to the reported results [10]. This study
also demonstrated that the 2- and 4-wk survival rate of
patients whose SMSVH score had no change or increased
after 2 wk of medical therapy was 66.15% and 40.0%,
respectively; the 2- and 4-wk, 3- and 6-mo survival rate of
patients whose SMSVH score decreased by 1 was 100%,
www.wjgnet.com
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91.18%, 58.82% and 38.24%, respectively; the 2- and
4-wk, 3- and 6-mo survival rate of patients whose SMSVH
score decreased by 2 or more was 100%, 100%, 80.95%
and 61.90%, respectively. The survival rates of patients
with different SMSVH scores differed were significantly,
sug gesting that SMSVH is helpful in estimating the
survival time of patients with liver failure within 6 mo.
Furthermore, in comparison with the the reported survival
rates[1], the survival rate of each group in this study was
higher, and the reason is that some of the patients in this
study administered growth hormone in combination with
lactulose. Growth hormones have been demonstrated to
be able to increase the survival rate of patients[11].
The Child-Pugh scoring system is the most commonly
used model in the assessment of liver reservation function
and prognosis of patients with liver cirrhosis[7-8,12]. The
classification criteria of Child-Pugh system are strict,
but lack of quantification of patients’ survival status and
the inclusion of objective evaluation parameters such
as ascites make the Child-Pugh system easily influenced
by clinical treatment. It was reported that that cirrhotics
admitted to ICU with > or = 3 failing organ systems
have a 90% mortality of 90%. Sequential organ failure
assessment (SOFA) and MELD are better predictors than
acute physiology and chronic health evaluation (APACHE)
[14]
Ⅱ or Child-Pugh scores. Salerno et al used MELD to
estimate the short-term outcome of patients with liver
cirrhosis and compared it with the Child-Pugh system,
demonstrating that the MELD scoring system is superior
to the Child-Pugh scoring system in the estimation of
the short-term outcome of patients with liver cirrhosis
receiving transjugular intrahepatic portosystemic shunt
(TIPS), but the accuracy of MELD decreases in the longterm estimation[14]. Another study showed that the MELD
scoring system is also a reliable method for predicting
mortality in patients with AOCH[15].
At present, no easy, objective and effective model
is available to estimate the prognosis of patients with
severe hepatitis. SMSVH was used in this study and the
score of 5 was demonstrated on ROC curve to be the
best cutoff value in the estimation of the prognosis of
patients with severe hepatitis. The specificity, sensitivity
and discrimination power of SMSVH were 88.0%, 77.7%
and 0.804 (95% CI: 0.708-0.901), respectively, suggesting
that SMSVH is a relatively scientific and objective scoring
system in estimation of the prognosis of patients with
severe hepatitis, and can be used in clinical practice.
There is no ideal treatment for severe hepatitis so far,
and the case fatality rate is up to 80%. Therefore, how to
utilize the limited medical resources effectively and reduce
unnecessary medical cost is concerned by all levels of
government and lots of physicians. SMSVH score may
help determine the clinical treatment optimum. SMSVH as
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a prognostic tool should be considered in predicating the
progress of liver failure.
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Abstract
AIM: To evaluate the health-related quality of life
(HRQOL) based on the Chinese version of SF-36 and
Chronic Liver Disease Questionnaire (CLDQ) in subjects
with chronic hepatitis B, liver cirrhosis, including patients
with minimal hepatic encephalopathy (MHE).
METHODS: The SF-36 and CLDQ were administered
to 160 healthy volunteers, 20 subjects with chronic
hepatitis B and 106 patients with cirrhosis (33 cases
exhibited MHE). HRQOL scores were compared among
the different study groups. The SF-36 includes eight
health concepts: physical functioning, role-physical,
body pain, general health, vitality, social functioning,
role-emotion, and mental health. Six domains of CLDQ
were assessed: abdominal symptoms, fatigue, systemic
symptoms, activity, emotional function and worry.
RESULTS: Compared with healthy controls (96.9 ± 4.5,
86.6 ± 18.4, 90.1 ± 12.5, 89.0 ± 5.7, 87.5 ± 4.3, 95.8
± 7.1, 88.5 ± 15.9, 88.7 ± 5.2 in SF-36 and 6.7 ± 0.5,
6.1 ± 0.6, 6.3 ± 0.6, 6.5 ± 0.5, 6.3 ± 0.5, 6.8 ± 0.4 in
CLDQ), patients with chronic hepatitis B (86.3 ± 11.0,
68.8 ± 21.3, 78.9 ± 14.4, 60.8 ± 10.5, 70.8 ± 8.6, 76.1
± 12.6, 50.0 ± 22.9, 72.2 ± 10.6 and 5.5 ± 1.0, 4.5 ± 1.0,
5.2 ± 1.1, 5.3 ± 0.9, 4.8 ± 0.9, 4.9 ± 1.0) and cirrhosis
(52.8 ± 17.4, 32.8 ± 27.9, 61.6 ± 18.9, 30.2 ± 18.3,
47.9 ± 20.1, 54.0 ± 19.2, 28.9 ± 26.1, 51.1 ± 17.8 and 4.7
± 1.2, 3.9 ± 1.2, 4.7 ± 1.2, 4.7 ± 1.3, 4.7 ± 1.0, 4.4 ± 1.1)
had lower HRQOL on all scales of the SF-36 and CLDQ (P
< 0.01 for all). Increasing severity of liver cirrhosis (based
on the Child-Pugh score/presence or absence of MHE)
was associated with a decrease in most components of
SF-36 and CLDQ, especially SF-36.

CONCLUSION: The Chinese version of SF-36 along
with CLDQ is a valid and reliable method for testing MHE
in patients with liver cirrhosis. Cirrhosis and MHE are
associated with decreased HRQOL.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Minimal hepatic encephalopathy (MHE) is defined as
a condition in which patients with liver cirrhosis show
several quantifiable neuropsychological defects in the
presence of a nor mal neurological examination [1-3] .
In the past two decades, there has been an increasing
realization that the traditional assessment of medical
outcomes following medical interventions is unsatisfactory.
Therefore, health-related quality of life (HRQOL) has
gained importance as an outcome measure in clinical and
epidemiological studies[4,5].
Generic and specific instruments have been used to
measure HRQOL. Generic instruments, such as the widely
used Medical Outcomes Study 36-Item Short Form Health
Survey (SF-36)[6], provide a global assessment of a given
disease and allow comparisons with the general population
and other diseases. Generic instruments do not assess
disease-specific symptoms, such as pruritus in liver disease,
and probably are less responsive to small, yet clinically
important, changes. To assess specific aspects of a disease
and provide a more responsive instrument for clinical
studies, disease-specific instruments have been developed.
The disease-specific HRQOL instrument evaluated for
different stages of liver diseases is the Chronic Liver
Disease Questionnaire (CLDQ)[7].
With the growing interest in monitoring the state
of an illness by means of HRQOL instruments, the
question arises as to which biological, psychological, and
sociodemographic factors may influence HRQOL in
www.wjgnet.com
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patients with chronic liver diseases. Only a few studies
have assessed biological and psychosocial predictors of
HRQOL measured by both a generic and a disease-specific
HRQOL instrument in a cohort of patients with different
causes and severities of liver disease. Therefore, in the
present study we used the Chinese version of the SF-36 as
a generic instrument and the CLDQ as a disease-specific
instrument. The purpose of our study was to identify the
most relevant domains of HRQOL impairment in patients
with various chronic liver diseases; and to assess predictors
of disease severity in patients with various chronic liver
diseases, and especially MHE.

MATERIALS AND METHODS
This study was approved by the hospital ethics committee.
Education level of all the objects was not less than 9 years.
Patients
All patients gave an informed consent to participation after
a full explanation of the study protocol. The diagnosis of
chronic hepatitis B and cirrhosis was made according to
the criteria revised in 2000 National Symposium in China[8].
The diagnosis of chronic HBV was based on the presence
of hepatitis B surface antigen for at least 6 mo, elevated
serum alanine aminotransferase (ALT) levels, HBeAg or
anti-HBe positive test, and presence or absence of serum
HBV DNA as detected by the hybridization method.
The diagnosis of cirrhosis was based on clinical finding,
laboratory tests, imaging studies, and liver histological
examination.
Exclusion criteria were overt hepatic encephalopathy
(HE) or a history of overt HE or neurological or mental
diseases; alcohol-related liver disease or history of recent
(< 4 wk) alcohol intake; history of recent (< 4 wk) use of
drugs affecting psychometric performances like sedatives
or other psychotropic drugs and antiviral treatment for
chronic hepatitis B; a history of liver transplantation or
shunt surgery or transjugular intrahepatic portosystemic
shunt for portal hypertension; a history of recent (< 4
wk) gastrointestinal bleeding and electrolyte imbalance;
severe medical problems such as congestive heart failure,
pulmonary disease, cerebrovascular diseases and diabetes
mellitus that could influence HRQOL measurement; and
inability to perform neuropsychological tests and correct
filling of the questionnaires because of poor vision.
The enrollment period extended from December 2003
to February 2006 and the study was conducted at the Renji
Hospital and Huadong Hospital. Twenty adult patients
with a diagnosis of hepatitis B and 106 patients with
cirrhosis confirmed by clinical findings, laboratory tests,
imaging studies and liver histological (10 patients) were
invited to take part in the study. The Child-Pugh’s scores
were used to assess the severity of liver cirrhosis.
Comparison groups
One hundred and sixty healthy volunteers who presented
for their yearly physical examination and had no specific
complaints or illness requiring treatment ser ved as
the controls. These individuals also completed the
www.wjgnet.com
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neuropsychological assessment, and SF-36 and CLDQ
questionnaires.
Neuropsychological assessment
Number Connection Test-A (NCT-A): This test is a
derivative of the Trail Making Test and measures cognitive
motor abilities. In the NCT-A, subjects have to connect
numbers printed on paper consecutively from 1 to 25,
as quickly as possible. Errors are not enumerated, but
patients are instructed to return to the preceding correct
number and then carry on. The test score is the time
the patient needs to perform the test, including the time
needed to correct the errors. A low score indicates a good
performance.
Symbol digit test (SDT): This is a subtest of the
Wechsler Adult Intelligence Scale (WAIS) and measures
motor speed and accuracy. The patient is given a list of
symbols associated with digits from 1 to 9 and is asked
to fill in blanks with numbers that correspond to each
symbol. The test score is the total number of correct
sequential matching of numbers to symbols in a 90-second
interval. A high score indicates a good performance.
After an explanation of each psychometric test, an
abbreviated demonstration test was administered to
ensure that the patient understood the test properly.
Age dependent normal values of NCT-A and DST were
determined from the 160 healthy volunteers. Normal
values were expressed as mean ± 2 standard deviations[9].
Neurophysiological assessment
Electroencephalogram (EEG): The EEG was recorded
while the patient lay comfortably in a quiet room using
standardized techniques (Harmanie, Stellate Co., Canada).
The EEG was considered abnormal if the background
frequency showed alpha rhythm abnormity, slowing (< 8
Hz) or disappearing or obvious asymmetry, or appearance
of theta waves when compared with the background
frequency of normal adults of the same age. All the
records were evaluated manually by a single observer to
avoid interobserver error.
Diagnosis of MHE
MHE was diagnosed when patients had an abnormal score
on at least one of the two psychometric tests (NCT-A and
DST), or if the EEG was abnormal[10-13].
Assessment of daily function
The SF-36 is a reliable and valid instrument to measure
all domains of health status by means of 36 items[6]. It
measures 4 domains in the area of physical health (Physical
Functioning, Role limitation-physical, Bodily Pain, and
General Health) and 4 domains in the area of mental
health (Role Limitation-Emotional, Vitality, Mental Health,
and Social Functioning). Responses to the questions in
each domain are added to provide 8 scores between 0 and
100, with higher scores reflecting better HRQOL. The
component summary scores of the SF-36 were used as
generic measures of HRQOL.
The CLDQ is designed to assess all relevant domains
of HRQOL in patients with chronic liver disease and has
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been recently validated in Chinese-speaking patients [7].
With 29 items on a 7-point Likert scale ranging from 1
(all the time) to 7 (none of the time), 6 subscale scores
(abdominal symptoms, fatigue, systemic symptoms, activity,
emotional functioning, worry) and a CLDQ overall score
can be calculated. By dividing each domain score, CLDQ
results can be presented on a scale of 1-7, with 1 indicating
the worst and 7 indicating the best HRQOL. Scores of the
subscales of the CLDQ were used as specific measures of
HRQOL.
Patients were asked to complete the questionnaires
of the Chinese version during regular outpatient visits
or during a hospital stay, while healthy volunteers
completed the questionnaires during their annual physical
examinations. Physicians were trained to give instructions
when needed, collect the questionnaires, and record clinical
data using standardized forms. The SF-36 and CLDQ
scores obtained in patients were compared with the scores
in 160 healthy individuals recruited from two hospitals in
Shanghai.
Statistical analysis
All data were analyzed using SPSS (version 10.0; SPSS,
Inc., Chicago, IL). Data derived from descriptive statistical
analysis are presented in the form of percentages for
categorical variables and mean ± SD for continuous data.
Categorical data were compared using chi-square test,
and continuous data, Student's t test or, if appropriate,
nonparametric tests. Stepwise multiple regression analysis
was used to study the influence of independent variables
on the CLDQ and SF-36 domains while controlling the
effect of other variables. A P value < 0.05 was considered
statistically significant.

RESULTS
Education level of all the objects was not less than a
9 years old. All 126 patients and 160 healthy subjects
completed the two questionnaires. The demographic
and clinical data are shown in Table 1. The various
causes of cirrhosis were chronic hepatitis B (70 cases),
chronic hepatitis C (6 cases), schistosomiasis (11 cases),
autoimmune liver disease including primary biliary
cirrhosis, autoimmune hepatitis, and primary sclerosing
cholangitis (19 cases).
The results of HRQOL in different study groups
are shown in Table 2. Reliability refers to the precision
or reproducibility of a measure, and validity refers to an
instrument’s ability to truly measure what it intends to
measure[14]. To assess test reliability, 23 subjects completed
the questionnaire twice; the interval between the tests
was 2 d. Pearson’s item-scale correlation coefficients of
SF-36 for the results of the two tests ranged from 0.71 to
0.92, and CLDQ from 0.78 to 0.88 (Table 2). Cronbach’s
alpha was computed to assess SF-36 and CLDQ internalconsistency reliability[15], for all eight scales of SF-36 and
six domains of CLDQ. The alpha value exceeded 0.70 (from
0.71 to 0.94) for all the test results with the exception of
social-functioning (0.67) in the SF-36 questionnaire (Table 2).
Thirty-three (31.1%) of the 106 patients with cirrhosis
had at least one abnormal test result. These 33 patients
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Table 1 Demographic and clinical data of different study
groups
Control subjects Chronic hepatitis B Cirrhosis
(n = 160)
(n = 20)
(n = 106)
Age
44.8 ± 7.1
Gender M/F
115/45
Educational level, yr 11.7 ± 2.5
Child-Pugh class
MHE (+/-)
ALT (U/L)
25.4 ± 8.0

43.2 ± 6.3
6/14
12.3 ± 2.7
89.4 ± 32.5

45.4 ± 7.2
73/33
11.3 ± 2.3
A 28/B 64/C 14
33/73
48.2 ± 23.6

were considered to have MHE, whereas the remaining 73
patients were not considered to have MHE.
Compared with healthy controls, patients with chronic
hepatitis B and cirrhosis had lower HRQOL on all scales
of the SF-36 and CLDQ questionnaires (P < 0.01 for all).
Increasing severity of liver cirrhosis (based on the ChildPugh score/presence or absence of MHE) was associated
with a decrease in most components both SF-36 and
CLDQ (Table 2). However, patients with Child-Pugh
B and C had similar HRQOL score on both SF-36 and
CLDQ (P > 0.05), with the exception of role-physical
and vitality on SF-36. There was a significant difference
between patients with and without MHE on SF-36 score (P
< 0.01), but no significant difference (P > 0.05) on CLDQ
score except for abdominal symptoms.

DISCUSSION
In 1946, the World Health Organization (WHO) defined
health as “a state of complete physical, mental, and
social well-being and not merely the absence of disease
or infirmity”[16]. This definition represents a departure
from defining health solely in terms of death and disease.
Testa and Simonson defined HRQOL as the “physical,
psychological and social domains of health, seen as
distinct areas that are influenced by a person’s experiences,
beliefs, expectations and perceptions”[17]. HRQOL cannot
be observed and measured directly, the assessment of
HRQOL depended on the subjects response to the
questionnaires.
Two basic approaches characterize the measurement of
HRQOL: generic instruments and specific instruments[18].
Although developed recently relative to other generic
measures, the SF-36 is currently the most widely used
health status measure, particularly in the gastroenterology
literature. Major advantages of generic instruments include
dealing with a variety of areas and use in any population,
regardless of the underlying condition. Because generic
instruments apply to a variety of populations, they allow
for broad comparisons of the relative impact of various
health care programs. Generic profiles may, however,
be unresponsive to changes in specific conditions. In
this study, we chose CLDQ, which is a disease-specific
scale developed by Younossi and colleagues to measure
HRQOL in patients with chronic liver disease. The CLDQ
focuses the respondent on the previous 2 wk period, and
are in a question format with seven-category response
scales. These scales have been used in several countries,
www.wjgnet.com
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Table 2 Comparison of health related quality of life in different study groups as assessed by the SF-36 and CLDQ questionnaires

Domains
SF-36
PF
RP
BP
GH
VT
SF
RE
MH
CLDQ
AS
FA
SS
AC
EF
WO

Cirrhosis (n = 106)
Child-Pugh B Child-Pugh C
(n = 64)
(n = 14)

Cirrhosis (n = 106)
Non-MHE
MHE
(n = 73)
(n = 33)

Pearson
item-scale
correlations
(n = 23)

Internal reliability
coefficients
(Cronbach's α)
(n = 106)

Control
(n = 160)

Chronic
hepatitis B
(n = 20)

Child-Pugh A
(n = 28)

96.9 ± 4.5
86.6 ± 18.4
90.1 ± 12.5
89.0 ± 5.7
87.5 ± 4.3
95.8 ± 7.1
88.5 ± 15.9
88.7 ± 5.2

86.3 ± 11.0a
68.8 ± 21.3a
78.9 ± 14.4a
60.8 ± 10.5a
70.8 ± 8.6a
76.1 ± 12.6a
50.0 ± 22.9a
72.2 ± 10.6a

63.0 ± 15.8a
50.9 ± 24.0a
71.0 ± 13.6a
46.1 ± 16.5a
61.1 ± 17.4a
67.1 ± 18.0a
51.2 ± 21.2a
64.4 ± 11.6a

50.4 ± 17.0a,b
28.9 ± 26.1a,b
58.0 ± 19.7a,b
25.9 ± 15.7a,b
45.5 ± 19.4a,b
50.3 ± 17.1a,b
22.4 ± 23.8a,b
48.3 ± 17.5a,b

43.6 ± 13.4a,b
10.7 ± 18.9a,b,e
59.5 ± 18.3a,b
18.2 ± 13.1a,b
32.1 ± 11.6a,b,e
44.4 ± 18.5a,b
14.3 ± 17.1a,b
37.1 ± 13.1a,b

59.9 ± 14.2a
40.8 ± 27.5a
66.8 ± 16.5a
34.8 ± 18.8a
55.1 ± 19.1a
61.5 ± 16.7a
35.2 ± 26.0a
56.0 ± 17.5a

37.1 ± 13.1a,d
15.2 ± 19.7a,d
50.2 ± 18.9a,d
20.0 ± 12.3a,d
31.8 ± 11.0a,d
37.4 ± 13.0a,d
15.2 ± 20.6a,d
40.2 ± 13.2a,d

0. 92
0.83
0.72
0.78
0.82
0.71
0.90
0.82

0.85
0.86
0.80
0.73
0.71
0.67
0.86
0.78

6.7 ± 0.5
6.1 ± 0.6
6.3 ± 0.6
6.5 ± 0.5
6.3 ± 0.5
6.8 ± 0.4

5.5 ± 1.0a
4.5 ± 1.0a
5.2 ± 1.1a
5.3 ± 0.9a
4.8 ± 0.9a
4.9 ± 1.0a

5.2 ± 1.1a
4.3 ± 1.2a
5.2 ± 1.2a
5.0 ± 1.2a
4.8 ± 1.0a
4.8 ± 1.0a

4.5 ± 1.2a,b
3.8 ± 1.2a,c
4.7 ± 1.3a
4.7 ± 1.3a
4.7 ± 1.0a
4.3 ± 1.1a,c

4.1 ± 1.1a,b
3.5 ± 1.1a,b
4.4 ± 1.2a,c
4.4 ± 1.3a
4.6 ± 1.0a
4.2 ± 1.1a

4.9 ± 1.2a
4.0 ± 1.2a
4.9 ± 1.3a
4.9 ± 1.3a
4.8 ± 1.0a
4.5 ± 1.1a

4.1 ± 1.0a,d
3.6 ± 1.2a
4.6 ± 1.1a
4.5 ± 1.2a
4.6 ± 1.1a
4.2 ± 1.0a

0.81
0.83
0.87
0.88
0.82
0.78

0.87
0.94
0.81
0.75
0.89
0.88

PF: physical functioning; RP: role-physical; BP: body pain; GH: general health; VT: vitality; SF: social functioning; RE: role-emotion; MH: mental health; AS:
abdominal symptoms; FA: fatigue; SS: systemic symptoms; AC: activity; EF: emotional function; WO: worry. aP < 0.01 vs control group; bP < 0.01, cP < 0.05 vs
Child-Pugh A; eP < 0.05 vs Child-Pugh B; dP < 0.01 vs non-MHE.

and their validity, reproducibility, reliability and sensibility
have been confirmed[15,19-22].
Chronic hepatitis B and liver cirrhosis are two of the
most common diseases in China. It has been observed that
30%-84% patients with cirrhosis have MHE[23-26]. Patients
with MHE have no recognizable clinical symptoms of
hepatic encephalopathy but do have mild cognitive and
psychomotor deficits[12,27-29]. There is a significant reduction
in many of the domains related to HRQOL in patients
with MHE [30]. Early diagnosis and treatment of MHE
is extremely important, because of the high prevalence
of liver diseases in China. We found that HRQOL in
patients with chronic liver disease is much lower than
that of healthy people. The SF-36 and CLDQ have both
recently been proposed as useful additions to the clinical
armamentarium when investigating HRQOL. Severely
ill individuals can find answering detailed questions
quite demanding and, therefore, the SF-36 and CLDQ
were a logical and appropriate development for use in
such situations. The CLDQ contains questions that may
be important in patients with hepatic encephalopathy;
however, items important in patients with variceal bleed or
ascites are lacking. Both SF-36 and CLDQ are short and
easy to administer, and correlate with the severity of liver
disease as defined by Child-Pugh classification. However,
patients with Child’s B and C disease had similar HRQOL
scores on both the CLDQ and the SF-36, possibly
indicating that neither focuses sufficiently on issues of
particular concern to patients with the most significant
hepatic decompensation. Our data shows that as the
liver disease becomes more severe, patients’ HRQOL
as measured by the SF-36 and the CLDQ deteriorates.
This supports the construct validity of the instrument as
a cross sectional measure of HRQOL for chronic liver
disease. Although scale scores for CLDQ also deteriorate
with disease severity, this was not true for all scales. Only
the abdominal symptoms scales of CLDQ did capture this
www.wjgnet.com

change in MHE patients.
The questionnaires are cheap and convenient, can be
used in developing countries, and are complementary to
the clinical data. More complicated tests would increase
the patients’ fatigue and mental burden and affect their
performance efficiency[31]. These tests do not take much
time to complete. The neuropsychological assessment (SDT
and NCT) and questionnaires (SF-36 and CLDQ) could be
completed within 60 min in the outpatient clinics and on
the patients bedside.
There is only limited data on HRQOL in patients with
MHE. Most studies in these patients have used generic
instruments, mainly the SF-36. The results obtained in the
present study demonstrate that the Physical, Psychological
and Social domain scores on both the SF-36 and the
CLDQ remain relatively stable in the absence of any
therapeutic intervention (based on repeat assessment after
a 2 d interval in a proportion of subjects with cirrhosis
and in the control group).
It is possible that recruiting patients from just two
hospitals may have resulted in a selection bias, although
our study sample included patients with a wide spectrum
of disease severity (non-cirrhotics to Child’s C cirrhosis).
However, given the nature of the quality of life concerns, a
major difference across populations seems unlikely. Finally,
we did not investigate the ability of these questionnaires
to detect important changes over time, even if that change
is small. We are addressing these issues in ongoing studies
on patients with MHE.
In summary, the SF-36 and CLDQ appear to be
responsive to clinically meaningful change in the Physical,
Psychological and Environmental domains. We conclude
that patients with MHE have impairment in their daily
functioning as assessed by the SF-36 and the CLDQ.
In addition to existing biochemical and physiological
parameters, the use of HRQOL instruments (both generic
and disease-specific) will enhance our ability to measure
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comprehensively the delivery of health care to patients
with chronic liver disease[32].

COMMENTS
Background

Owing to the high prevalence in liver cirrhosis, clinicians and researchers
in increasing numbers are beginning to recognize minimal hepatic
encephalopathy (MHE). The importance of MHE is related to several factors: the
neuropsychological defects may result in a reduction in the ability to carry out daily
activities, may confer an increased risk for road traffic accidents and accidents
at the workplace, it could lead to a deterioration in the quality of life, and it could
be a marker for clinical hepatic encephalopathy in the future. The rapid economic
development in China has resulted in improvement in the quality of life, and
traditional indicators such as mortality and objective clinical parameters are no
longer sufficient to assess the effect of illness and the outcome of treatment. There
is an increasing demand for a valid and acceptable health-related quality of life
(HRQOL) measure for Chinese people.

Research frontiers

Generic and specific instruments are used to measuring HRQOL. Although many
HRQOL measures have been developed in Western countries, few are applicable
to the people in China. The major obstacle is the cultural and language differences
between the populations of China and Western countries. The purpose of this
study is to evaluate the HRQOL based on SF-36 and Chronic Liver Disease
Questionnaire (CLDQ) in subjects with chronic hepatitis B and liver cirrhosis,
especially with regard to the status of MHE. Therefore, we used the Chinese
version of the SF-36 as a generic instrument and the CLDQ as a disease-specific
instrument in a well-characterized sample of patients.

Related publications

The present study is one of a series of studies we have performed which cover
the diagnosis, treatment, HRQOL and follow-up assessment of patients with MHE.
We have cited several articles from other investigators that provide additional
information related to MHE and HRQOL.

Innovations and breakthroughs

Despite the importance of HRQOL, few workers have assessed quality of life and
its determinants in patients with chronic liver disease. We evaluated the impact
of chronic liver disease on HRQOL, looked for differences in HRQOL by severity
of liver disease, and attempted to identify clinical variables with disproportionate
effects on HRQOL. Our findings indicate that the Chinese version of SF-36 along
with CLDQ are valid and reliable methods for measuring HRQOL in patients
with liver cirrhosis. We observed that cirrhosis and MHE are associated with a
decrease in the HRQOL.

3007
that future studies should assess PHES (psychometric hepatic encephalopathy
score) to determine and quantify the presence of MHE. PHES is a battery of
five tests (number connection test A and B, digit symbol test, line tracing test
and serial dotting test) that is currently considered as the “gold standard” for the
determination of MHE. The purpose of this recommendation is that the same test
is used in all studies. This would allow clinicians and researchers to compare data
obtained in different parts of the world, which up to now has not been possible.
This would accelerate the progress in the understanding of MHE, a condition
which cannot be ignored any longer.
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Abstract

INTRODUCTION

AIM: To explore the prognostic variables in rectal
cancer patients undergoing curative total mesorectal
excision and the effect of postoperative chemotherapy in
advanced rectal cancer.

Colorectal cancer is the third leading cause of cancer
death in both
����� �������������������
males and females. ��������������
Approximately 35%
���� of
���
colorectal cancers are located in the rectum����
of patients
���������
from Western countries. I������������
n China�����
the
���� �������������������
proportion reached
approximate���
ly� ����
50%.
New advances�����������������������������������
such as the standardized surgical
technique total mesorectal excision (TME), preoprative or
post-oprative radiotherapy and adjuvant chemo�������������
radio��������
therapy
have reduced the previously high local recurrence rate and
improved overall survival time in rectal cancer patients.
Despite these advances, about 40% of patients still die from
local or distant recurrence. Hence, new prognostic markers
are required to� �����
help predict
���������������������
the patients who
���� would
������ benefit
��������
from adjuvant treatment.
The knowledge regarding the molecular biology of
colorectal cancer has facilitated the study of molecular
markers in patients with colorectal cancer. Several tumor
associated proteins including p53, p21, p27, cyclin D1,
PCNA, CD44, Ki67� ����
may ������������
be relevant �����������
prognostic ��������
markers
in rectal cancer. These markers were widely studied in
many �������������������������������������
cancers including colorectal cancer, ����������������
but the results
related to prognosis and implications in colorectal cancer
remain controversial, especially in rectal cancer. No single
molecular marker has been demonstrated to provide
consistent prognostic information yet.
Immunohistochemi������������������������������
cal���������������������������
(IHC) technique, which is
easy, stable with experienced pathologists, and fast
with commercial���
ly ������������������������������
available���������������������
antibody, is widely ��������
used in
stud��������
ies�����
for ����������
molecular ���������
markers. �������������������
In this study,�����
the ��������
protein�
expression of p53,
����� p21,
��������������������������������
PCNA and CD44 �������������
was����������
examined
with immunohistochemi��������������������������������
������������������������������������������������
cal�����������������������������
technique to evaluate ������
their�
prognostic value in rectal cancer patients ����������
undergoing

METHODS: A total of 259 consecutive rectal cancer
patients treated with curative total mesorectal excision
between 1999 and 2004 were collected. p53, p21, PCNA,
and CD44v6 were examined using immunohistochemistry
(IHC). The correlation between clinicopathological or
molecular variables and clinical outcomes, including local
recurrence, metastasis, disease-free survival and overall
survival, was analyzed.
RESULTS: The median follow-up was 44 mo. Fiveyear survival rates and 5-year disease free survival rates
were 75.43% and 70.32%, respectively. Multi-analysis
revealed TNM staging, preoperative CEA, and CD44v6
level were independent risk factors predicting overall
survival or disease free survival. The hazard ratio of
peroperative CEA was 2.65 (95% CI 1.4-5) and 3.10
(95% CI 1.37-6.54) for disease free survival and overall
survival, respectively. The hazard ratio of CD44v6 was
1.93 (95% CI 1.04-3.61) and 2.21 (95% CI 1.01-4.88)
for disease free survival and overall survival, respectively.
TNM staging was the only risk factor predicting local
recurrence. Postoperative chemotherapy without
radiotherapy did not improve patients’ outcome.
CONCLUSION: TNM staging, preoperative CEA and
CD44v6 were independent prognostic factors for
rectal cancer patients with total mesorectal excision.
Postoperative chemotherapy may be only used together
with radiotherapy for rectal cancer patients.
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curative total mesorectal excision (TME).

Characteristics
Gender
Male
Female
Age (yr)
Range
Median
Tumor location
> 10 cm1
7-10 cm1
5-7 cm1
Mean Max diameter (cm)
Pathology
Adenocarcinoma
Mucinous aden3
Signet ring ca3
T stage
T1
T2
T3
T4
N stage
N0
N1
N2
TNM stage (AJCC/UICC)

Clinicopathological information
A total of 343 ��������������
rectal cancer ������������������������
patients����������������
,���������������
who underwent
total mesorectal excision in ��������������������
Cancer �������������
Hospital of ������
Fudan
University �����
from ��������
January 1999����
��������
to ��������������������������
Jun�����������������������
e����������������������
���������������������
200������������������
4,����������������
���������������
were�����������
collected�
retrospectively. ����
The ����������������������������
m���������������������������
edian follow-up time is 44 ����
mo,
ranging from 1-90 mo. Twenty-one
���������������������
����������
cases (���
6.5％) wh�������
o������
were
lost at the beginning of the surveillance����������������
were�����������
excluded.
Sixty-three patients with simultaneous���������
���������������������
distant metastases
�����������
or lesions invading other organs (e.g. bladder, vesicle,
prostate, posterior of vagina or urethra�������������������
��������������������������
) were excluded in
this study. All
�����������������������
the surgeries were performed
���������� by
��� experienced
������������
colorectal surgeons��.� L�����������������������
������������������������
ateral lymphadenectomy was
��������
not�
performed����������������
in our series��.����������������
���������������
A total��������
�������������
of 259 ��������������
patients were
available after the screening.
T���
he �����������������������������������������
basic clinicopathological information is ����������
presented
in Table 1. ������������������������������
All cases were histologically ����������
confirmed
adenocarcinoma and reviewed by two pathologists.
Adjuvant treatment
Adjuvant radiation was not routinely given to stage
Ⅱ or stage Ⅲ patients with optimal total mesorectal
excision with R0 resection before 2005 in our hospital.
Only patients with ����������
T4 tumors ������
below �������������������
peritoneal reflex,
which invaded other organs (bladder,
���������� prostate,
�������������������
vesicle,
vagina, etc.) would
��������������
receive postoperative
���������������������������
radiotherapy
or chemoradiotherapy.��������������
Chemotherapy with
����� 5-Fu
����� based
������
regimens���������������
was������������
given to a�� ��������
part of ��������������������
patients with stage Ⅱ
or stage Ⅲ disease and prospective observation ����
was�
carried out to find out its effect in rectal cancer. �����
N����
one
of the patients had ���������
received ��������������������������
preoperative radiotherapy ���
or
chemoradiotherapy.
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Table 1 Summary of clinicopathological data (n = 259)

MATERIALS AND METHODS

Immunohistochemistry
Two hundred and fifty-nine formalin
���������������
fixed paraffin
���������
embedded tumor specimens were obtained at
�������
the
department of pathology ����������������������
in the same hospital��.�������
These
������
specimens were cut into 4 µm slides, dewaxed with
dimethyl benzene and dehydrated in graded acetone.
Tissues previously shown to express the antigen of
interest were considered positive controls (i.e. colonic
adenocarcinoma for p53, CD44v6, breast carcinoma for
p21, normal colon for PCNA), and the primary antibody
was replaced by TBS in the negative control���
s��. ��
A ��������
minimum
of eight sections were examined per case, in which every
two slides were used for a single marker.
All the 259 colorectal cancer specimens were collected
and specific biological markers were analysed with
immunohistochemi����
cal� procedure,
����������������������������������
using the enVision twostep visualization technique (DAKO) which was described
by Ulrike Kämmerer[1] and Schwandner[2]. The monoclonal
antibod���������������������������������������������
ies, including anti-p53
������������������������������
(Clone D�������������
O������������
-7����������
,���������
code no.
M7001���������������������������������������������
, DAKO, dilution,
�������������������������������������
1/50), anti-p21ras (�������
C������
lone: NCC����
RAS-001����������
,code no. ������������������������������������
M0637�������������������������������
, DAKO, dilution, 1/100),
�������������
antiPCNA (Clone PC 10����������
,���������
code no. ��
M �������������������
0879���������������
,DAKO,���������
dilution
1/300), and anti-CD44 variant 6 (Clone VFF-7����������
,���������
code no.
M0130��, ���������
Antibody �����������������������������������������
Diagnostica������������������������������
,�����������������������������
dilution 1/50) were used for
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Ⅰ
Ⅱ
Ⅲ

Lymphovascular invasion
Yes
No
Neural invasion
Yes
No
Pre-operative CEA2
Positive
Negative
Adjuvant therapy
S
S+C

Cases (%)
146 (56.4)
113 (43.6)
18-80
56
62 (23.9)
115 (44.4)
82 (31.7)
4.68
236 (91.1)
18 (6.9)
5 (2)
18 (7.0)
83 (32.0)
85 (32.8)
73 (28.2)
147 (56.8)
62 (23.9)
50 (19.3)
80 (30.9)
67 (25.9)
112 (43.2)
33 (12.7)
226 (87.3)
21 (8.1)
238 (91.9)
48 (18.5)
211 (81.5)
167 (64.5)
92 (35.5)

1

Distance of the tumor from anal verge; 2In our hospital lab, CEA > 10 μg/L
is considered positive. S: surgery; C: chemotherapy.

immunohistochemi����������������
cal examination�.
Scoring system and statistics
Immunostained tumor sections were analysed by two
experienced pathologists without the knowledge of
clinicopathological data. Sections immunostained for p53
and p21 were scored semi-quantitaitvely by scanning the
entire section to
����������������
estimate
�������������
the �������������������������
percentage of tumor cell
nuclear staining,
����������������������������������������������
and CD44v6 expression ��������������
was estimated�
����������
by the percentage of tumor cell membrane staining��. The
����
PCNA staining was expressed as a labeling index (LI)
defining the positive nuclei of all ��������������������
the nuclei
����������������
counted.
The median value for the PCNA LI in this tumor
series������������������������������
(�����������������������������
59.5%,�����������������������
)����������������������
w���������������������
as ������������������
used as a cut-off ����������������������
point and tumors were
classsified as either less than or greater than the median
value.
For statistical analysis, p53 and p21�������������
levels
������������
were
considered to be positive if over 10��
%�����������������
����������������
of cancer cells
were�������������������������
nuclear immunoreactive; and
�����������������������
CD4����������������
4v6�������������
was defined
positive if over 10��
%����������������������
of
���������������������
cancer cell�������
s were� membrane
���������
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Table 2 Distribution of stage Ⅱ or Ⅲ patients with or without
adjuvant chemotherapy
Adjuvant chemotherapy
(n = 179)
No
Yes
Cases %
Cases %
N staging

N0
N1
N2
T staging
T1-2
T3
T4
Differentiation
High-Medium
Low
Lymphovascular None
Yes
invasion
Neural invasion None
Yes

114
33
20
90
38
39
145
22
19
148
14
154

68.2
19.8
12
53.9
22.7
23.4
86.8
13.2
11.4
88.6
8.4
91.6

33
29
30
11
47
34
77
15
14
78
7
85

35.9
31.5
32.4
12
51
37
83.7
16.3
15.6
84.4
7.6
92.4

P

< 0.05

< 0.05

> 0.05
> 0.05
> 0.05

immunoreactive.
Association between these proteins and clinicopathological
data������������������������������
,�����������������������������
and
����������������������������
the univariate
��������������������
analysis �����������������������
between these data and
prognosis were �����
both ����������
performed� ���
by �����������������
C����������������
hi-square test. ����
The
overall survival, local recurrence and metastasis rate�������
s������
were
calculated using life tables. The multivariate analysis of
these proteins and clinicopathological data was �����������
made�������
using
Cox regression. Significance levels were set at P < 0.05�.
Follow-up
A���
ll �������������������������������
patients were followedup every �������
3 to 6 ����������
mo at the
Colorectal Cancer Center after surgery by their operati���
ve�
team. ����������������������������������
F���������������������������������
ollow-up included a���������������
�������������
full history ����
and ���������
physical
examinations including digital rectal examination (DRE)
at each session. Chest X-ray, CT or ultrasound of
abdomen, �������������������
and ���������������
lab tests������
were ����������������
performed every 6�� ����
mo. ����
A���
nd
colonoscopy w���
as ���������������������
performed every
�����������
year for
��������
the first
������������
three
years and then every 2 years��. ��������������
All surviving patients
��������������
were
asked to return to the Colorectal Cancer Center for followup for the purpose of this study.

RESULTS
Clinicopathological variables
Forty-eight� patients
��������������������������������������
exhibited elevated serum CEA
levels. The disease stag�������������
e������������
, lymphnode ��������������������
metastastic status,
lymvascular invasion, neural invasion, histopathology and
����
tumor ����������������������������������������������������
differentiation were not associated with CEA levels.
Among�����������
179 stage Ⅱ or stage Ⅲ patients including
����������
33 in stage Ⅱ (49.3%) and 59 in stage Ⅲ (52.7%), 92
(51.4%) received 5-Fu based adjuvant chemotherapy,. The
detailed clincopathological information for these patients���
is
presented������������
in���������
T�������
able 2.
Of the 259 rectal carcinomas with anterior resection,
45.6% were p53 postitive (n = 118), 80.7% were p21
positive (n = 209), 49.8% were CD44v6 positive (n = 129),
and 61.4% were PCNA positive (n = 159). There �������
was no
���
positive association among
�����������������
�����������
these four ��������������������
protein expressions.
T h e a s s o c i a t i o n b e t we e n t h e s e m a r ke r s a n d
clinicopathological variables were analysed using �����������
C����������
hi-square
test, including tumor location, histopathological type, TNM
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staging, inva�����������������������
sion�������������������
depth, lymph node metastasis,
�������������������
neural
invasion, lymphovascular invasion and preoperative CEA
level. There was no significant difference in the
�����������������
�������������
distribution
of these proteins ���������������������������������������������
and������������������������������������������
different clinicopathological variables,
either��������
�������
(������
T�����
able ����
3). ����
But ���������������������������������
p21 expression was found���������
to������
have
significant association with histopathological type (P =
0.067) and invasion depth (P = 0.052).
Patients’ outcome
The median follow-up was 44 mo (range 1-90 mo).
Thirty-three patients (12.7%) were dead due to tumor
progression. Eleven patients (4.24%) had local recurrence,
and 35 patients (13.5%) had distant metastases. ����
The
outcome of the patients is shown in Figure 1. Our
���������
fiveyear actual survival rate was 75.43% (����������������
Figure ���������
1��������
A�������
), and
disease free survival rate was 70.32% (������������
F�����������
ig���������
ure������
1B���
�����
). ��������
Overall
local recurrence rate was 6.73% (�����������
F����������
ig��������
ure�����
1C��
����
).
In stage Ⅱ and stage Ⅲ locally advanced rectal cancer,
our 5-year survival rate was 66.9%, disease free survival
rate was 61.1%, and overall local recurrence rate was 8.9%.
Association of clinicopathological variables and
immunohistochemistry with recurrence, metastasis
and survival
Univariate analysis using C������������������������������
�������������������������������
hi-square test as a screening
method revealed that possible overall survival related risk
factors were histopathological type, TNM staging, invasion
depth, lymphnode metastasis, preoperative CEA and
CD44v6 levels; possible disease free survi�����������������
v����������������
al related risk
factors were gender, histopathological type, TNM staging,
invasion depth, lymph������
node
����� ��������������������������
metastasis and CD44v6 and
preoperative CEA levels; possible local recurrence related
risk factors were histopathological type, TNM staging,
lymphnode metastasis; and
���� ���������
possible ������������������������
metastasis related risk
factors were TNM staging, invasion depth, lymphnode
metastasis and preoperative CEA level (���������
T��������
able 4).
In ������������������
all the 179 stage Ⅱ or stage Ⅲ patients, adjuvant
chemotherapy had negative significant association
with overall metastasis and disease free survival. But ������
in �
stratification���������������������������������������
for each stage������������������������
, adjuvant chemotherapy did�
����
not����������
have any significance
��������������������������������������������
with local recurrence, overall
metastasis, disease free survival and overall survival. One
reason is that patients with more progressive disease
were more�������
likely�����������������������������������
to
����������������������������������
receive adjuvant chemotherapy��.� ����
For
multivariate analysis, these possible risk factors screened
in 259 rectal cancer patients by univariate analysis
were included in Cox regression model. TNM staging,
preoperative CEA, and CD44v6 level were independent
risk factors predicting overall survi��������������������
v�������������������
al or disease free
survival. The hazard ratio of peroperative CEA was 2.65
(95% CI 1.4-5) and 3.10 (95% CI 1.37-6.54) for disease
free survival, and overall survival, respectively. The hazard
ratio of CD44v6 was 1.93 (95% CI 1.04-3.61) and 2.21
(95% CI 1.01-4.88). TNM staging was the only risk factor
predicting local recurrence.
In 179 stage Ⅱ or stage Ⅲ patients, we added the
chemotherapy variable to Cox regression model, the results
showed ���������������������������
that adjuvant
����������������������
chemotherapy ��������������������
did�����������������
not improve
������������
the
����
overall survival, disease free survival or local recurrence ���
in
stage Ⅱ or Ⅲ patients.
www.wjgnet.com

3012

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

June 7, 2007

Volume 13

Number 21

Table 3 Association between IHC and clinicopathological data
P53 (n )

Characteristics
Tumor location

High
Median
Low
Adeno.
Muci
Signet

Pathology

TNM stage

Ⅰ
Ⅱ
Ⅲ

Invasion depth

Lymphnode meta.
Lymph-vascular invasion
Neural invasion
Preoperative CEA

T1-2
T3
T4
N0
N1-2
+
+
+
-

P21 (n )

PCNA (n )

CD44 (n )

+

-

P

+

-

P

+

-

P

+

-

P

29
53
36
109
8
1
34
30
54
46
36
36
64
54
17
101
11
107
18
100

33
62
46
127
10
4
46
37
58
55
49
37
83
58
16
125
10
131
30
111

NS

53
93
63
191
16
2
59
58
92
74
72
63
117
92
25
184
18
191
41
168

9
22
19
45
2
3
21
9
20
27
13
10
30
20
8
42
3
47
7
42

NS

36
70
53
144
13
2
47
42
70
63
55
41
89
70
21
138
15
44
30
129

26
45
29
92
5
3
33
25
42
38
30
32
58
42
12
88
6
94
18
82

NS

32
63
34
117
11
1
37
33
59
46
43
40
70
59
19
110
11
118
109
20

30
52
48
119
7
4
43
34
53
55
42
33
77
53
14
116
10
120
102
28

NS

NS

NS

NS

NS
NS
NS
NS

< 0.05

NS

0.052

NS
NS
NS
NS

NS

NS

NS

NS
NS
NS
NS

NS

NS

NS

NS
NS
NS
NS

Adeno: adenocarcinoma; Muci: mucinous adenocarcinoma; Signet: signet ring adenocarcinoma; Meta: metastasis; NS: not significant.
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Figure 1 Outcome of 259 rectal cancer patients with TME. A: Overall survival curve; B: Disease free survival curve; C: Local recurrence curve.

DISCUSSION
The surgical management of primary rectal cancer
presents unique problems for the surgeon based��������
largely
on the anatomic constraints of the pelvis. For most of
the ������������������������������������������������
tumors over 5 cm above the anal verge, anterior
resection �����������������
was increasingly ���������������������������
performed in recent years,
occupying about 80������
%�����
-90% �������������������������������
of all rectal cancer surgeries
in large centers��. However,����������������������������������
������������������������������������������
the local and distant recurrence
was��������������������
still challenging. ������������������
The importance of ��������������
mesorectum in
rectal cancer surgery has been widely recognized. By total
mesorectal excision, Heald et al[3] and Enker et al[4] had
reported ����������������������������������������������
a lower
��������������������������������������������
local recurrenc�����������������������
e����������������������
and improved ��������
the ����
DFS
and overall survival��������
of the patients��
����������. �����������������������
In our series, overall
local recurrence rate was 6.73%, disease free survival and
overall survial were 70.32% and 75.43%����������������
,���������������
respectively,
which was consiste��������������������������������
nt with
�����������������������������
other studies about TME.
Many �������������
factors have ����������������
been studied in ���������������
predicting ����
the
outcome of the patients with ����������������������������
rectal cancer who
��������������
����������
under�����
went�
total mesorectal excision. Whereas the use of clinical and
histologic parameters for the determination of prognosis
www.wjgnet.com

and treatment strategies for patients with rectal cancer is
still of great value, they may be distressingly inaccurate in
many clinical situations, especially in patients with stage
Ⅱ - Ⅲ disease, which may need post- or pre-operative
treatment. This may be attributed, at least in part, to
differences in the biological behavior of tumors that are
determined by altered molecular regulatory mechanisms.
Thus, the characterization of molecular changes in
colorectal cancer in recent years has been the focus of
great interest for both researchers and clinicians, because
it may lead to the identification of new prognostic
markers more closely resembling the biological nature
of the disease. Among the various alterations in gene
and protein expression in colorectal cancers, cell-cycle
control related genes and proteins (including p53, p21
and PCNA) and cell adhension protein CD44 were widely
elucidated in many studies, but the prognostic values were
still confusing, and very few studies exclusively focused on
rectal cancer patients with anterior resection. In our series,
we analyzed the prognostic effect of clinical variables and
immnohistochemical markers. TNM staging, preoperative
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Table 4 Variables association with overall survival, DFS, recurrence and metastasis
n
Gender
Male
Female
Tumor location
High
Medium
Low
Pathology
Adenocarcinoma
Mucinous cancer
Signet ring cancer
Differentiation
High-medium
Low
TNM staging
I
II
III
Invasion depth
T1-2
T3
T4
N staging
N0
N1-2
Lymphvascular invasion
+
Neural invasion
+
Preoperative CEA
+
P53
+
P21
+
PCNA
+
CD44
+
-

Survival

DFS

Local recurrence

%

P

%

P

146
113

85.6
89.4

NS

78.1
87.6

< 0.05

62
115
82

88.7
87.8
85.4

236
18
5

87.7
94.4
40

222
37

87.4
86.5

80
67
112

95
92.5
78.6

101
85
73

95.0
83.5
80.8

147
112

93.9
78.6

33
226

81.8
88.1

NS

5.5
2.7

NS
85.5
83.5
80.5

< 0.05

< 0.05

NS

4.1
5.4

85.7
87.4

<0.05

NS

48
211

20.8
10.9

118
141

84.4
90.7

209
50

87.6
86

159
100

89.3
84.0

129
130

82.9
91.5

13.1
16.2

NS

6.3
9.0
21.4

< 0.05

6.9
16.5
19.2

< 0.05

< 0.05

15.2
13.3

NS

14.3
13.4

NS

25
10.9

< 0.05

NS

< 0.05

NS

NS

NS

4.8
4.2

31.3
14.7

13.1
11.1
40

7.5
21.4

6.1
4

85.7
82.8

NS

< 0.05
1.4
8.0

78.8
83.6

12.9
10.4
18.3

NS

< 0.05

0.06

NS

2
4.7
6.8

91.2
72.3

NS

NS

< 0.05

NS
21
238

16.4
9.7

1.3
1.5
8

91.1
78.8
75.3

NS

NS

< 0.05

< 0.05

< 0.05

P

3.8
5.6
20

92.5
89.6
70.3
< 0.05

%

NS

< 0.05

82.9
78.4

Metastasis

P

3.2
6.1
2.4

83.9
83.3
40
NS

%

NS
6.3
3.8

NS
80.9
85.6

NS

6.4
1.7
NS

81.8
84
NS

NS

NS
3.1
6.0

< 0.05
76.7
87.8

13.5
13.6

NS

13.9
12.0
12.6
15.0

NS

17.1
10.0

0.97

NS
4.3
4.0

84.3
81.0
< 0.05

0.06

NS

NS
6.2
2.3

NS: not significant.

CEA and CD44v6 level���������������������
s��������������������
were recognized as �����������
prognostic
factors predicting the�����������������������������������
����������������������������������
disease free survival and overall
survival.
Serum CEA level is a �������
common �����������������
preoperative and
follow-up marker in colorectal carcinoma patients.
Adenocarcinomas overexpress CEA, �������
which � may
���� facilitate
�����������
metastasis of colorectal carcinoma. Elevated preoperative
serum levels are associated with high rates of recurrence
and cancer mortality, and it should not be discarded in
the current array of prognostic factors. Granell et al [5]
studied preoperative CEA level and p53 expression in 134
colorectal cancer patients, ����������
and found
������ patients
�����������������������
with elevated
preoperative CEA level were at significant high risk of
local recurrence in two years after surgery, whose hazard
ratio was 3.26. In
���������������
our series, preoperative
�����������������������
CEA level

was an independent�
������������ ���������������������
prognositic factorin ���������������
predicting DFS
and overall survival, the hazard ratio was 2.65
���������
and 3.10,
������
respectively.����������������������������
Our results suggested that preoperative
������������������
CEA,
like postoperative CEA, may be also a useful prognostic
marker for rectal cancer patients.
The expression of specific cell adhesion molecule
CD44 splice variants has been shown to be associated
with metastasis and poor prognosis in certain human
malignancies, such as breast cancer and colorectal cancer,
especially the �����������������������
CD44 variant 6 (CD44v6)[6]. In most of
these studies, increased levels of CD44 and/or different
patterns of splice variants were found in tumors in
comparison with their normal counterparts[7,8]. The studies
addressing the relationship between CD44 expression at
the protein level and clinicopathological variables, such as
www.wjgnet.com
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tumour grade and stage, have not been uniform. Ishida
examined CD44v6 expression in 62 colorectal cancer
patients, and the result showed CD44v6 has no correlation
with gross type, histology, lymph node inv����������
o���������
lvement,
and clinical stage[9]. Bhatavdekar et al[10] examined CD44
in 98 Duke’s B and C colorectal adenocarcinomas with
IHC, and they also found a significant���
ly����������������
reduced
���������������
relapefree survival in patients with positive CD44. Similary,
Yamagnchi et al[11] ha�������������������������������������
ve shown
����������������������������������
����������������������������
that CD44
�����������������������
������������������
is ���������������
an independent
prognostic�����������
f���������
a��������
c�������
tor in �����������������������
multivariate analysis. �����������������
In our study, we
did not find any significant association between CD44v6
and clinicopathological parameterseither. But in multivariate
analysis, we found CD44�����������������������
v6���������������������
was the independent �����������
biological
prognostic marker for disease free survi����������������
v���������������
al and overall
survival, and the hazard ratio was 1.93 and 2.21, respectively��,
suggesting CD44v6 is a valuable molecular marker for rectal
cancer prognosis.
P53 was studied in colorectal cancer, but the results of
IHC p53 rectal tumor status have been inconsistent. Hilska
et al[12] studied 363 colorectal cancer patients, including 124
with rectal
����������������������������������������
cancersfrom Duke�����������������
’����������������
s stage A to D. �����������
The author
s �������������������������������������������
used different cut�������������������������
-������������������������
off value���������������
s��������������
for defining ����
p53 ����������
positive,
but none of them showed any significance for survival
in all colorectal cancer groups. Morgan et al[13] studied
171 patients with curative resection of rectal cancer. By
immunohistochemical assay for p53 and DCC expression,
they found p53 and DCC status of rectal cancers was not
associated with other clinical or pathological variables, nor
predictive outcomes. The cyclin inhibitors p21 negatively
regulates the action of cyclin/CDK complexes, ����
and
prevent�������������
s������������
cell-cycle �������������
progression. ����
Lebe et al examined IHC
p53 p21 and p27 expression in 45 rectal adenocarcinoma���
s��,
and found p53, p21 and p27 status ����������������������
was ������������������
not significantly
associated with local and distant recurrence. PCNA is ���
an
auxiliary factor essential for DNA p��������������������
o�������������������
lymerases activity
and exists in a quaternary complex with CDK/cyclin/p21.
PCNA is frequently used ���
to ������������
measure the ��������������
proliferative
activity of tissues, which was widely studied to evaluate
the response of chemotherapy and radiotherapy. PCNA
was found associating with improved survival in advanced
colorectal cancer by Paradiso et al[14]. but several studies
discovered no�������������������������
significant association �������������
between PCNA
expression and prognosis in colorectal cancer [15-17]. In
our study, we did not ���������
find�����
any ������������
association ������������
between the
three markers and clinicopathological variables. The three
markers had no significant prognostic effect for predicting
DFS or overall survival, either.
The ���������������������������������
benefit��������������������������
of adjuvant chemotherapy was
�������������
of great
controversy in rectal cancer patients. The EORTC
Radiotherapy Group Trial 22921 found in 253 patients
with postoperative chemotherapy������������������������
,�����������������������
adjuvant chemotherapy
was of
��� ������������������������������������������������
benefit for local control in T3-4 rectal cancer
patients[18]. In that clinical trial, patients were all assigned to
receive preoperative radiotherapy or chemoradiotherapy��.�
And the adherance to postoperative chemotherapy was
very poor, which made the results accepted. O���
����
ur ���������
patients
received adjuvant chemotherapy alone after curative total
mesorectal excision. We found in �����������������������
patients with curative
���������
excised rectal cancer, postoperative chemotherapy did������
n����
�����
ot �
improve patients’ local control of
��������������������������
the tumor �������������
or survival.
The results suggested that postoperative chemotherapy
www.wjgnet.com
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may �����
only ��������������������������
improve ������������������
the local
��������������
control ���
by ��������������
enhancing the
effect of radiotherapy. We
�������������������������������
therefore,������������������
do not recommand
postoperative chemotherapy for stage Ⅱ or Ⅲ patients
without preoperative radiotherapy.
This has been coupled in several series with an
improved cancer-specific survival directly attributed to the
performance of TME itself[19]. The outcomes are favorable
f������������
or strictly defined
�������������������
curatively excised
����������������������������
rectal cancers with
meticulous total mesorectal excision��.��������������
TNM
�������������
staging,
preoperative CEA, and CD44v6 level��������������������
s�������������������
������������������
are recognized
��������������
as
independent prognostic facotrs for these patients. And
postoperative chemotherapy is not recommanded for
curative excised rectal cancer patients without preoperative
radiotherapy.
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Abstract
Yttrium-90 (Y-90) radioembolization, also known as
selective internal radiation therapy (SIRT), is a regional
hepatic therapy used in the treatment of unresectable
colorectal cancer (CRC) liver metastases. In SIRT,
Y-90 impregnated microspheres are injected into the
VASCULAR SUPPLY of hepatic tumor, leading to selective
irradiation and necrosis of tumor TISSUE. While several
studies demonstrate improved local control and survival
with SIRT, the specific indications for this therapy have
yet to be defined. Typically, SIRT is given in combination
with chemotherapy as multimodal treatment for
unresectable hepatic CRC. However, it HAS ALSO FOUND
INCREASING USE as a salvage therapy in chemorefractory patients. Herein, the authors describe their
experience with SIRT as “stand alone” therapy in a
surgically-prohibitive, chemotherapy naive patient with
hepatic CRC metastasis. The results suggest that Y-90
SIRT may have potential applications beyond its usual
role as a palliative or salvage therapy for unresectable
hepatic CRC.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Surgical resection is the only potentially curative strategy
in the treatment OF PATIENTS WITH HEPATIC
COLORECTAL CANCER (CRC) METASTASIS.
Unfortunately, due to advanced liver disease or widespread
extrahepatic metastases, only about 10%-15% of patients
are candidates for resection. FURTHER, of those who
are deemed appropriate surgical candidates and undergo
hepatectomy, the overwhelming majority develop recurrent
DISEASE that IS not amenable to re-resection [1] .
Clearly, other liver-directed therapies are needed to treat
unresectable malignancy and to improve the overall
response to surgery.
Recently, data have emerged supporting the use of
Yttrium-90 selective internal radiation therapy (SIRT) in
the treatment of unresectable CRC liver metastases [2-4].
SIRT is a regional, liver-directed therapy based on the
principle that hepatic tumors derive their arterial blood
supply predominantly from the systemic circulation
rather than the portal vein. In SIRT, the pure betaemitting isotope Y-90 is compounded onto millions of
microspheres that are injected into the hepatic artery or
one of its branches. The radioactive microspheres deposit
in the feeding vasculature of the tumor, resulting in the
delivery of intense local radiation to tumor but relative
sparing of normal liver parenchyma.
Y-90 SIRT is a safe and effective regional therapy
for single or multiple unresectable hepatic colorectal
metastases. The principal limitation to SIRT is excessive
hepatopulmonary shunt (> 18%), though this occurs rarely
in metastatic hepatic disease. In general, SIRT is welltolerated by patients, with limited duration (24-96 h) side
effects inclusive of fatigue, anorexia, nausea, and vomiting.
Major complications occur occasionally, and are not SIRTtreatment dependent but RATHER associated with the
percutaneous arterial access as with ANY other selective
hepatic embolization.
SIRT has been evaluated AS an adjuvant to systemic
or hepatic artery chemotherapy and AS salvage therapy
in chemo-refractory patients with unresectable hepatic
CRC[5,6]. While the data show improved response rates and
prolonged survival, there is CURRENTLY no consensus
currently on the exact place of Y-90 SIRT in the treatment
algorithm for CRC hepatic metastases. The following
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report highlights the novel use of Y-90 SIRT as “stand
alone” therapy in a chemotherapy naive patient with
hepatic CRC metastasis.
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CASE REPORT
A 68-year-old man with previously resected hepatic
flexure colorectal cancer presented with a single 1.5
cm lesion in medial segment Ⅶ of the liver. The lesion
was detected on PET scan performed during routine
oncologic follow-up 9 mo after primary colon resection.
The patient was referred to the hepatobiliary surgery clinic
for consideration of possible resection or ablative therapy.
Due to the lesion location and the patient’s explicit desire
not to receive systemic chemotherapy, treatment options
were limited to right hemihepatectomy or RFA ablation.
However, the patient had undergone three previous
laparotomies and had multiple medical co-morbidities
(obesity with BMI > 40, hypertension, and cane-assisted
ambulation). Furthermore, his tumor was located in the
medial aspect of the right hemi-liver, necessitating a right
hemihepatectomy. As the patient did not wish to proceed
with this procedure, resection was not an option. Further
limit of the potential treatment options was the poor
ultrasound visualization of the lesion due to the patients’
body habitus, which precluded the use of percutaneous
RFA. Consequently, Y-90 SIRT was offered as an alternate
treatment strategy, with the recommendation that the
patient receive adjuvant systemic chemotherapy after SIRT.
The patient agreed to the treatment plan and subsequently
underwent pre-therapy imaging.
Celiac and mesenteric angiography was performed from
a standard femoral artery approach using a 5 Fr catheter
and 3 Fr coaxial microcatheter (Renegade High-Flow;
Boston Scientific, Natick, MA). Normal hepatic arterial
anatomy was noted and coil embolization of the right
gastric and gastroduodenal arteries was performed in order
to prevent reflux of microspheres into the gastrointestinal
circulation. Following angiography, the patient underwent a
technetium-99m labeled macroaggregated albumin (MAA)
scanning, which showed an acceptable hepato-pulmonary
shunt fraction of only 2.4%.
After completion of pre-therapy planning, the patient
underwent Y-90 SIRT. In July 2005, he received a single
dose of 1 GBq (about 27 mCi) Y-90 resin microspheres
into the right hepatic artery. He tolerated the procedure
without complication and was discharged from the hospital
the following day. Initial pre-therapy PET scan showed
a single 1.5cm focus in the right hepatic lobe with an
SUV of 8.04. At 6 wk after treatment, repeated PET scan
demonstrated a reduction of SUV to 3.09. PET scan at 12
wk showed complete disappearance of the lesion (Figure 1).
The patient remains alive and well at 18 mo of follow-up,
with no evidence of hepatic recurrence on repeated PET
scan.

DISCUSSION
Surgical resection is the treatment of choice in SELECT
patients with favorable CRC hepatic tumors. Unfortunately,
only 5-10% of patients qualify for resection; moreover,
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Figure 1 PET studies before SIRT, 6 wk and 12 wk after SIRT.

recurrence rates are high among those who undergo
surgery[7]. As TRANSPLANTATION is not considered an
option in metastatic liver DISEASE, other modalities must
be considered.
Neoadjuvant chemotherapy is currently employed in
some institutions to downsize hepatic CRC tumors and
facilitate subsequent resection [8]. In addition, ablative
modalities like RFA are occasionally used to expand
the limits of resection in SELECT tumors that are
too large to be encompassed by a surgical approach
alone [9]. For patients in whom resection is precluded
despite the aforementioned strategies, adjuvant systemic
chemotherapy has become the mainstay of treatment.
Likewise, systemic chemotherapy has become standard
treatment for prevention of post-resection recurrence
after hepatic metastectomy. Despite the development of
new chemotherapeutic regimens, response and survival
following systemic treatment ALONE remain dismal.
Recently, hepatic arterial chemotherapy (HAC) has
been introduced into the algorithm of hepatic CRC tumor
management. Several lines of evidence support the use of
HAC alone or in combination with systemic chemotherapy
as primary or second-line treatment for unresectable
hepatic CRC. A randomized clinical trial comparing HAC
to systemic chemotherapy in a previously untreated cohort
of patients demonstrated significantly better response,
survival, and time to hepatic progression with HAC[10].
Similarly, phaseⅠtrials show favorable response rates when
HAC is used in combination with systemic chemotherapy
in the second-line setting[11,12]. Additionally, combined HAC
and systemic chemotherapy results in superior overall and
progression-free survival in patients who have previously
undergone hepatic metastectomy[13].
Despite these advances, the prognosis of patients
with unresectable hepatic CRC remains grim at best.
The introduction of Y-90 SIRT, however, represents
a significant improvement in the manag ement of
unresectable hepatic CRC. Y-90 SIRT is a versatile
modality that may be used as both an adjunct to
potentiate the effects of chemotherapy and as a stand
alone option in chemotherapy-refractory disease. Van
Hazel et al [2] published a randomized trial in 2004 in
which they evaluated the COMBINATION OF SIRT
A N D T H E T H E N C U R R E N T S TA N DA R D O F
CHEMOTHERAPY, 5-FU and leucovorin. Twenty-one
www.wjgnet.com

3018

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

Primary CRC resection

-Nodes +Nodes

Adjuvant systemic chemotherapy (SC)

Alternative approach using Y-90 SIRT

-Liver
+Liver
metastasis metastasis

Y-90

Resection SC
-SC

SC

+SC

Resection
-SC

+SC

Resection

-SC
Resection
-SC

SC

Y-90

+SC

+SC

Resection
-SC

Volume 13

Number 21

imaging. While only anecdotal, these results support a
broader role for SIRT in the management of unresectable
hepatic CRC. Y-90 could be considered as a possible
stand alone therapy in patients with a small, single
hepatic focus of metastatic CRC who are not surgical
candidates and do not wish to undergo standard systemic
chemotherapy. Alternatively, Y-90 could serve as an
effective adjuvant therapy to decrease or stabilize tumor
bulk before undergoing standard systemic chemotherapy,
lesion ablation, or liver resection (Figure 2). Larger series
and formal clinical trials are needed to define the optimal
indications for SIRT in hepatic CRC management.

+SC

Figure 2 Proposed treatment algorithm for hepatic colorectal cancer.
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TO THE EDITOR
We read the study by Medeiros-Filho et al[1] with much
interest. The study shed light on early HCV RNA
kinetics in conjunction with liver cirrhosis, different
genotypes (gen-1 vs gen-3) of HCV and sustained viral
response (SVR) rates. In particular, Medeiros-Filho et al[1]
showed that the HCV RNA first phase decline, under
interferon-α (IFN) and ribavirin therapy, which represents
the effectiveness (ε) of IFN to block viral production[2,3],
was significantly larger in gen-3 cirrhotic patients (mean
ε = 0.99) than gen-1 cirrhotic patients (mean ε = 0.8). In
addition, in these cirrhotic patients, they found that the
HCV RNA second phase decay slope in gen-3 patients was
significantly faster than in gen-1 patients, and suggested
that the immune response against infected HCV cells in
gen-1 patients may be less potent than in gen-3 patients.
We recently introduced the notion of a critical drug
efficacy εc, such that if the drug efficacy, ε, is higher than
the critical drug efficacy, i.e., ε > εc, then viral levels will
continually decline on therapy, while if ε < εc, then viral
loads will initially decline but ultimately stabilize at a steady
state level lower than baseline (i.e., exhibit a flat phase)[4,5].
We have shown that the flat phase may be a simple
consequence of liver homeostasis in which proliferation
of hepatocytes compensates for the loss of infected cells,
hence observing a flat phase does not imply a poor or
absent immune response.
In light of these predictions, the interpretation of
www.wjgnet.com

Medeiros-Filho et al[1] on the difference in viral kinetics
between gen-1 and gen-3 in cirrhotic patients needs to be
further addressed. First, if ε < εc, then following the first
phase viral decay, the virus will reach a steady state lower
than its baseline viral load very rapidly (i.e., flat phase).
However, if ε is close to εc (but still ε < εc), then after the
rapid viral decay phase a second slower phase of decay is
predicted followed by a flat phase. Since in Medeiros-Filho
et al[1] data was obtained only until d28 one can speculate
that the drug efficacy in gen-1 cirrhotic patients, which are
known to be difficult to treat, was lower than the critical
drug efficacy (ε < εc) and that the 2nd slower phase reflects
the flat phase or is just intermediate in an approach to
reach a flat phase. Indeed, 4 of 7 gen-1 cirrhotic patients
had a second phase slope equal to 0, which represents
a flat phase, where the rest had a positive second phase
decline slope but one that was lower than the predictive
cut-off slope of SVR (i.e., 0.3 log IU/mL per week[1]), that
may indicate an intermediate in an approach to reach the
aforementioned flat phase.
Second, if ε > εc, then the viral second phase slope
represents the death/loss rate of HCV-infected cells only
if ε~1 [4,5]. Thus, if ε in some gen-1 cirrhotic patients
from Medeiros-Filho et al[1] was higher then εc, then the
2nd slope decay still does not reflect with confidence the
actual death/loss rate of HCV-infected cells, since the IFN
effectiveness, ε, was < 1 (mean ε = 0.8). However, in gen-3
cirrhotic patients for which the mean value of the IFN
effectiveness was close to 1 (mean ε = 0.99), the second
phase slope could well reflect the immune-mediated
loss rate of HCV-infected cells. Thus, we argue that the
mechanisms that lead to different viral kinetics between
gen-1 and gen-3 cirrhotic patients may be attributed to
different drug effectivenesses and not solely to the immune
response against HCV-infected cells.
In conclusion, Medeiros-Filho et al [1] made an
important step towards understanding why cirrhotic
patients have lower SVR rates (see also review on therapy
in HCV decompensated cirrhotic patients by Navasa &
Forns[6]). However, we suggest that in future studies data
sampling longer than d28 needs to be done in order to
better capture the viral kinetic profiles in treated cirrhotic
patients.
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Abstract
M a s t c e l l s ( M C ) a re p i vo t a l e l e m e n t s i n s e ve ra l
physiological and immunological functions of the gastrointestinal (GI) tract. MC translate the stress signals that
has been transmitted through brain gut axis into release
of proinflammatory mediators that can cause stimulation
of nerve endings that could affect afferent nerve terminals
and change their perception, affect intestinal motility,
increase intestinal hyperpermeability and, in susceptible
individuals, modulate the inflammation. Thus, it is not
surprising that MC are an important element in the
pathogenesis of inflammatory bowel disease and non
inflammatory GI disorders such as IBS and mast cell
enterocolitis.
© 2007 The WJG Press. All rights reserved.
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Mast cells (MC) of the intestinal mucosa are key elements
in several biological processes. For example, they are an
important component in allergic responses to exogenous
antigens and they act in concert with IgE to increase the
release of MC mediators in allergic reactions. Recently the
role of MC in non-allergic phenomena has been getting

more attention. In fact, MC are an important component
of the mucosal innate immune response [1]. Thus, it is
not surprising that these cells are involved in several
inflammatory disease processes such as bronchiectasis[2],
i d i o p a t h i c p u l m o n a r y f i b r o s i s [3], b r o n c h i o l i t i s
obliterans with organizing pneumonia [4], sarcoidosis [5],
glomerulonephritis[6] and rheumatoid arthritis[7]. In the
gastrointestinal (GI) tract, similar to other mucosal
surfaces, Mast cells are part of the allergic response
to luminal antigens and of protective innate immune
responses.
Mast cells in the GI tract also serve as end effectors
of the brain-gut axis (BGA). The BGA is composed
of main regulatory cores in the central nervous system
that are connected to peripheral (enteric and autonomic)
nervous systems through a series of networks of afferent
and efferent nerves. One role of the BGA is to transmit
information from the brain to the GI tract regarding the
perception and/or experience of stressful events.
Upon activation of the BGA by stress, Mast cells
release a wide range of neurotransmitters and other
proinflammatory molecules. These mediators include
histamine, heparin, chondroitin sulfate, chymase,
carboxypeptidase, tryptase, platelet activating factor,
prostagalanin (PGD2), leukotriene (LTC4) and a variety
of interleukins such as IL-1 β , IL-3, IL-4, IL-5, IL-6,
IL-8, IL-9, IL-10, IL-13, IL-16, IL-18, IL-25, TNF-alpha,
granulocyte-macrophage colony-stimulating factor (GMCSF), stem cell factor, macrophage chemotactic peptide
(MCP)-1, 3&4, regulated on activation of normal T cellexpressed and secreted protein (RANTES), and eotaxin[8].
The release of these mediators can profoundly affect
GI physiology. For example, tryptase can activate PAR-2
receptors on epithelial cells, resulting in modulation of
tight junction proteins and increases in permeability
through paracellular pathways in the intestinal epithelium[9].
Such increases expose the submucosal immune system to
lumen-derived food antigens and bacterial by-products,
which will result in immune system activation[10,11]. This
is clinically important because an increased mucosal
permeability and activation of the mucosal immune
system are the two major players in mucosal inflammation
in inflammatory bowel disease (IBD). PAR-2 receptors
are not limited to epithelial cells and the presence of this
receptor on afferent nerve terminals and MC themselves
has been shown. Thus, activation of PAR-2, can result
in release of proinflammatory mediators from nerve
www.wjgnet.com
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endings which may cause neurogenic inflammation[12] or
even potentiate MC release by creating a positive feedback
loop[13,14].
IBD is believed to result from an abnormal responses
to normal pro-inflammatory factors in the gut lumen in
a susceptible individual with immune dysregulation [15].
The origins of this disease are probably multi-factorial,
with interplay between genetic and environmental
factors [15,16] . This interplay results in initiation of
inflammatory processes and creation of vicious cycles
(involving positive feedback loops) that cause sustained,
uncontrolled inflammation and tissue damage. However,
for luminal factors such as bacterial antigens to initiate
an inflammatory cascade, they must be able to bypass
the intestinal barrier [17,18]. Indeed, as suggestive above,
a decreased intestinal barrier integrity (leaky gut) has
been implicated in the pathogenesis of IBD[17-20]. In fact,
activation of the BGA by stressful situations and by the
associated degranulation of MC in the gut mucosa can
result in intestinal hyperpermeability and activation of the
mucosal immune function.
Nevertheless, the mechanisms through which MC play
a role in the pathogenesis of IBD are not well known. For
example, there is a wide variation in the number of MC in
IBD in different reports. A few studies have shown a mild
to marked increase in the number of MC in subjects with
active IBD[21-23]. King et al[26] and other researchers reported
that MC number was not different between controls and
subjects with inactive IBD[24-26]. Surprisingly, in the report
by King et al[26] the number of MC increased in the area of
demarcation between involved and non-involved colon and
the number of MC dropped significantly in areas of active
inflammation. In our own recent study, we did not find any
significant differences in the number of MC in subjects
with IBD compared to healthy controls. In addition we
showed that there was no increase in the number of MC
after stress in human subjects [27]. This contrasts with
animal studies in which the number of MC increased after
stress[28].
Although there is controversy regarding the number
of intestinal MC in IBD, there is consensus that there
is a close association among stress, BGA activation, and
MC mediated mechanisms in IBD [21,29-35]. For example,
studies in animal models of IBD showed that stress
results in increased intestinal permeability and worsening
of hapten-induced colitis in rats[36]. Stress did not affect
gut permeability in MC-deficient rats and failed to cause
epithelial mitochondrial damage in a rat model, indicating
that stress-induced intestinal hyperpermeability is MCdependent[28]. In human studies, stress [modeled using cold
pressor test (CPT)] in healthy subjects caused activation
of mucosal mast cells and release of proinflammatory
mediators in the jejunum[37]. This study reaffirmed the
finding that was previously showed in animal studies and
reaffirmed the BGA activation in humans activates MC
in GI mucosa in healthy subjects. Finally, we recently
showed that stress (CPT) caused more pronounced MC
activation and degranulation in patients with inactive
IBD than in healthy controls. The activation of mucosal
MC was associated with mucosal oxidative damage [27].
The mechanism for the exaggerated MC response to
www.wjgnet.com
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stress in IBD patients is not known but could be one
of the important factors involved in IBD flare up. In
fact, it remains to be seen, whether the exaggerated
response of mucosal MC to stress in IBD subjects is a
primary phenomenon due to an inherently abnormal
MC or whether it is a secondar y phenomenon due
to the inflammatory environment of the MC. After
further investigation we recently reported that MC in
the intestinal mucosa of patients with IBD have reduced
immunostaining of c-kit receptors compared to MC
from healthy controls[27,38]. Mucosal MC are identified in
intestinal tissues by antibodies against the CD117 (c-kit)
antigen [29]. C-kit is a transmembrane, tyrosine kinase
containing, growth factor receptor expressed by MC, and
its presence on MC membranes represents maturity of
the cells[30-32]. In our report, we compared the results of
immunostaining with markers of mast cell degranulation
(using electron microscopy) and observed that a lack of
c-kit immunostaining is not associated with MC activity
and degranulation. Whether this MC abnormality underlies
MC overactivity in IBD requires further investigation.
Considering MC as the end effector of the BGA,
it is not surprising that MC have an important role in
the pathogenesis of other stress-related GI disorders
such as irritable bowel syndrome (IBS). Barbara showed
that the number of MC in ileum of subjects with IBS
is increased [39,40]. He also showed that there is a close
proximity of the nerve ending and mucosal MC [41]. He
noted that MC activation and the close proximity of MC
to nerve fibers are correlated with the severity of perceived
abdominal painful sensations. The mediators released
from MC interact with nerves supplying the gut leading to
altered gut physiology and increased sensory perception.
This proposes the notion of nerve↔MC activation in
stressful situations. In fact, abnormal intestinal permeability has been reported in at least one subgroup of
diarrhea -predominant IBS patients[42]. Although, there is a
lack of clear histological inflammation in IBS, the apparent
presence of a biochemical inflammatory process in IBS is
an emerging topic. An abnormal proinflammatory cytokine
profile has been reported in subjects with IBS[43,44]. Some
researcher have also connected MC and functional bowel
disorders such as IBS through allergic responses to food
antigens and food intolerance[45]. MC enterocolitis is a
new term that was coined by our group and includes
a subgroup of IBS with intractable diarrhea who have
normal routine histology but an increased number of
MC [more than 20 per high power field (HPF)] in special
staining for MC. These patients respond well to medicine
that curbs the release of proinflammatory MC mediators
such as histamine typeⅠand Ⅱ blockers [46]. Thus, it is
not surprising that researchers are now proposing the
possibility of using, in management of IBS, drugs that
have the potential to control MC[40].
In conclusion, MC is an important component of
gastrointestinal tract physiological and immunological
functions. As the end effector of the BGA, MC translate
the stress signals into release of proinflammator y
mediators that can stimulate gastrointestinal nerve endings
and affect its perception, change intestinal motility, cause
intestinal hyperpermeability and, in susceptible individuals-
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those with hyperreactive intestinal immune systems modify
the inflammation. Despite the apparent importance of this
element in the pathogenesis of several inflammatory and
non-inflammatory GI disorders, our knowledge about the
role of MC in these disorders is only rudimentary. Further
research that more precisely characterizes the role of
MC in these diseases could open new doors toward new
therapies for IBD and other common GI ailments.
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At the present time, more than one-half of all cancer
patients are treated with radiation therapy. Despite a good
therapeutic index, radiotherapy can disable normal tissue
injury to normal tissues in long-term cancer survivors.
Thus, an important challenge to modern radiation therapy
is to increase the tolerance of normal tissues, in order to
improve the quality of life of the patients, and to enhance
local tumor control using dose escalation and/or new
biological radiosensitizers[1]. The recent progress made by
3D‑conformal and intensity-modulated radiation therapy
has reduced radiation-induced complications especially in
dose-limiting organs like the intestine[2]. Yet, acute intestinal
complications do occur but are generally transient,
whereas low and mild grade chronic gastrointestinal side
effects continue to influence the patient’s quality of life.
Because the clinical evolution of delayed intestinal toxicity
is progressive and inevitable, these complications are of
much concern in clinical practice and further improvement
in the management of such patients is required.
The current serie published in the World Journal of
Gastroenterology contains several articles reviewing the
most recent research in the field of radiation-induced
intestinal toxicity the current therapeutic advances
a c c o r d i n g t o t h e p a t i e n t ’s s y m p t o m s a s we l l a s
constructive proposals for the improvement of the

medical management of such patients. The proposed
improvements depend upon the development of reliable
diagnostic tests that are able to identify the underlying
causes of the symptoms. The contribution by Lutgens
et al[3] provides evidence that citrullinemia can be used
in clinical and experimental settings as a biomaker of
epithelial cell loss. The review by Kruse et al[4] addresses
the recent advances in the use of micro array for the
prediction of radiosensitivity and damage to normal tissues
as well as their main limitations.
The physiopathological, cellular and molecular
mechanisms of radiation-induced toxicity have been
discussed according to the cellular compartments of
the intestine and their implication to acute and chronic
intestinal toxicity. Tissue exposure to ionizing radiation
stimulates the local production of reactive oxygen
species which induce replicative and apoptotic death
of epithelial and microvascular endothelial cells of the
intestinal mucosa. However, the intestinal response to
radiation injury cannot be restricted to a simple cell-killing
process but depends upon continuous and integrated
pathogenic processes involving cell differentiation and
crosstalk between the various cellular components within
the extracellular matrix. Otterson[5] reviews the impact
of irradiation on gastrointestinal motility with special
emphasis on the enteric nervous system. Molla et al [6],
Wang et al[7] discuss the role of radiation-induced vascular
damage in the acute and delayed intestinal response to
ionizing radiation. The radiation-induced alterations of
intracellular signaling pathways lead to the transactivation
of specific target genes such as genes coding for paracrine
factors including vasoactive factors, thrombogenic
agents, pro/anti inflammatory mediators and growth
factors. The review by Verrechia et al[8] focuses on the
role of TGF- β 1 in fibrogenesis. TGF- β 1 is a potent
fibrogenic growth factor that triggers alterations in the
resident cell phenotypes that subsequently modify cell
to cell interactions and tissue composition. Finally, the
extracellular matrix itself may contribute to the selfperpetuation of these wound healing signals by the
release of growth factors and by constant activation of
cell phenotype via membrane-associated receptors. The
long-term persistence of these phenotypical alterations
may have an impact on the activity of neighboring cells
(mesenchymal, endothelial, epithelial or immune cells) and
may lead to a possible amplification of the wound healing
signals that perpetuate fibrosis. This aspect has been well
www.wjgnet.com
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discussed by Haydont et al[9].
It is clear from these articles that the normal intestinal
response to radiation injury cannot be restricted to a
simple cell-killing process. Therefore, the previous concept
of a primary cell target in which a single-cell type (whether
it is epithelial or endothelial cell) dictated the whole tissue
response to radiation injury should be replaced by the
concept of coordinated multicellular response that may
lead to either tissue recovery or to the development of
complications[10]. The recent advances in this field should
lead in the near future to the development of biologicallybased therapeutic strategies which can be used clinical
practice. These strategies would also be applicable to treat
radiation injury in the event of radiation accidents or acts
of terrorism and would help to improve the therapeutic
management of other chronic intestinal diseases.
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Abstract
Reduction of cancer treatment-induced mucosal
injury has been recognized as an important target for
improving the therapeutic ratio as well as reducing the
economic burden associated with these treatment related
sequellae. Clinical studies addressing this issue are
hampered by the fact that specific objective parameters,
which enable monitoring of damage in routine clinical
practice, are lacking. This review summarizes pros and
cons of currently available endpoints for intestinal injury.
The metabolic background and characteristics of plasma
citrulline, a recently investigated biomarker specifically
for small intestinal injury, are discussed in more detail.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
An increase in the use of multiple treatment modalities is
characteristic for current developments in curative cancer
treatment. Whereas this strategy has yielded superior
treatment results in a variety of solid tumors, treatment
related acute toxicity has increased as well [1-6]. Severe
radiation induced intestinal injury occurring during a
treatment course has a detrimental effect on treatment

outcome in cancer patients due to necessary reductions
in treatment intensity and/or treatment interruption.
In addition, this acute type of epithelial gut damage
has also been suggested as one of several mechanisms
contributing to late treatment related sequellae[7]. Cancer
treatments related epithelial gastrointestinal toxicity has
also been recognized as a significant economic burden[8].
Hence, prevention and/or reduction of epithelial gut
damage is expected to have a significant clinical and socioeconomic impact. However, clinical studies addressing
treatment induced gut damage are hampered by the fact
that objective parameters, which enable monitoring of
damage in routine clinical practice, are lacking. In case of
radiation treatment for pelvic and/or abdominal cancers
the small bowel is an important dose-limiting organ with
regard to both early and late treatment related morbidity.
The clonogenic crypt cell is a central target of intestinal
epithelial radiation damage[9-12]. Radiation will result in an
impairment or loss of cell production and eventually in
the loss of functional cells, becoming manifest within days
or weeks following single dose or fractionated radiation[9].
A wide diversity of functional disorders has been observed
following ionizing radiation such as changes in transepithelial transport processes[13,14], gut barrier function[15],
motility dysfunction [16,17], or the absorption of various
nutrients such as carbohydrates, amino acids, proteins,
vitamins and bile acid [18-26]. Some of these functional
changes have been correlated with the epithelial cell mass
available for absorption[23-26] suggesting a cellular basis in at
least part of radiation induced functional disorders.

BIOMARKERS FOR EPITHELIAL
INTESTINAL DAMAGE
Clinical symptoms
Clinical symptoms are most commonly used as a surrogate
endpoint during and following treatment. Clinical
symptoms of acute radiation enteritis include anorexia,
nausea, vomiting, abdominal cramps and diarrhea. These
symptoms may occur immediately following the start
of treatment, although more usually, radiation sequellae
become manifest during the 2nd or 3rd wk of fractionated
treatment and lasting 2-6 wk following treatment.
Whereas very early symptoms are attributable to altered
intestinal motor activity, mucosal injury is the prominent
feature underlying symptoms later on during the course
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of treatment, although altered intestinal motor activity
is another contributing factor throughout the treatment
course and following treatment [27-29] . Beside the fact
that toxicity-grading systems are not used uniformly by
investigators[30], they are being adjusted on a regular basis.
More importantly however, clinical symptoms correlate
poorly with objective parameters of gut damage such as
altered morphology[28,31], sugar permeability tests[32-34] or
treatment related parameters[30], illustrating the complexity
of the pathophysiology of clinical symptoms related to
cytotoxic treatment induced small bowel damage[35-37].
Because of the limitations related to the assessment
of morphological endpoints in patients, investigators have
used several surrogate endpoints for measuring small
bowel dysfunction.
Mucosal transport and barrier function
Mucosal transport and bar rier function is another
frequently used item fo r mea sur in g sma ll b owel
dysfunction. Surrogate endpoints are the assessment of
gut barrier function through measuring absorption of
test markers[38,39] or tests for nutrient malabsorption[20,40],
bile acid or vitamin B12 absorption [19,22,41-43] . These
function tests are qualitative tests mainly suited for
diagnostic purposes. The endpoints used do not address
damage to target cells. Consequently, they lack a dose
response relationship. Although not as troublesome as
taking mucosal biopsies, these tests are impractical for
monitoring purposes during and following radiation
treatment. Enterocyte transport has been used as a
surrogate endpoint for epithelial cell mass. Overgaard et al[23]
demonstrated a dose response relationship for jejunal
glucose absorption in mice following single dose upper
abdominal irradiation. A linear correlation was observed
between jejunal glucose absorption and the absorptive
surface. Kirichenko et al[26] used a nuclear scintigraphic
technique to quantify active enterocyte transport in mice.
At 3.5 d after single dose whole body irradiation (WBI)
absorption of the isotope correlated significantly with a
surrogate endpoint for the jejunal absorptive surface, i.e.
the number of cells per villus. A strong correlation was
observed between absorption and radiation dose at this
time point. For the dose points used in these experiments,
i.e. 4, 6, 8 and 12.5 Gy, no correlation was seen between
jejunal crypt regeneration, radiation dose and absorption.
The results of both experiments[23,26] indicate a cellular
basis for the absorptive function and a correlation with
the absorptive area. Both function tests were investigated
for their applicability as a clinical assay for radiationinduced epithelial cell loss in the gut and indirectly for
quantification of radiation damage to the target cell for
epithelial small bowel damage. To date none of these
assays have been introduced in clinical practice for routine
use during and following fractionated treatment, mainly
for practical reasons.
Diamine oxidase
D i a m i n e ox i d a s e ( DAO ) , a c y t o p l a s m i c e n z y m e
found in almost all organs is present in a particularly
high concentration in the epithelial cells of the small
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intestine [44-46]. Following injury to intestinal epithelial
cells DAO is released into the intestinal lumen and
intercellular space where it is taken up by lymphatics and
blood vessels[45]. Circulating DAO is rapidly cleared by the
liver[47]. The plasma DAO activity has been suggested as
a candidate marker for measuring ischemic small bowel
injury [48-50]. Ely et al [51] demonstrated a radiation dosedependent decline of ileal tissue and plasma DAO activity
in rats. Nadir values were observed at 3 d after radiation.
At this time point a linear dose-response relationship was
demonstrated for plasma and tissue DAO activity at a dose
range of 0-6 Gy and 2-8 Gy, respectively. DeBell et al[52]
investigated the time course of tissue and plasma DAO
activity changes following irradiation. They found that the
decline of plasma DAO activity preceded the decline of
jejunal tissue DAO activity. In addition, the calculated RBE
values for both parameters were not the same. These data
do not support a direct correlation between the changes
of plasma DAO activity and intestinal tissue DAO activity
as was in fact also the case for the observation made by
Bounous et al[49] These authors observed a 7.5 and 1.4 -fold
increase in serum DAO activity 24 and 30 h following
the onset of symptoms in a patient with a lethal acute
intestinal ischemia.
Fatty acid-binding proteins
Fatty acid-binding proteins (FABP) are small (15 kDa)
cytoplasmic proteins. Intestinal-type FABP (I-FABP)
and liver-type FABP (L-FABP) are produced in small
intestinal enterocytes, mainly in the villi, not in the
crypt[53,54]. I-FABP has been demonstrated to be a sensitive
biomarker for intestinal disease associated with tissue
necrosis. Upon small bowel enterocyte necrosis I-FABP
and L-FABP are readily shed into the circulation[53]. In
ischemic bowel disease a rapid increase in plasma and
urinary I-FABP concentration is observed[55,56]. In contrast,
I-FABP and L-FABP were not elevated in patients with
intestinal disease not associated with a significant degree
of tissue necrosis[57]. In transplant recipients histologic
graft rejection was not preceded by increased levels of
serum I-FABP[58]. Taken together, I-FABP and L-FABP
seem to be sensitive biomarkers for ischemic bowel
disease. However, its use for intestinal damage initially
targeting clonogenic crypt cells, as in radiation induced
intestinal damage[9-12] and transplant rejection[59], has been
disappointing so far.
Calprotectin
Calprotectin is a protein abundant in neutrophils. The
fecal concentration of calprotectin has been identified
as a sensitive biomarker of intestinal inflammation [60].
In patients with Crohn’s disease the marker correlates
with changes in intestinal permeability [61]. The test is
highly sensitive. The marker was tested in a validated
animal model for late intestinal radiation injury [62,63] .
Fecal excretion of transferrin, the rodent analogue of
calprotectin, the first 2 wk after treatment correlated with
validated endpoints for acute and late intestinal radiation
injury. Interestingly, the high sensitivity of the test allows
treatment of a limited volume of small bowel. However, in
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contrast to these experimental conditions the marker does
not allow discrimination of anatomical sites of intestinal
injury due to a low specificity[64].

CITRULLINE: A BIOMARKER FOR VIABLE
SMALL BOWEL ENTEROCYTES
While radiation-induced tissue damage is unlikely to
be expressed or quantified by a single functional or
morphological parameter[36], an assay measuring damage
to relevant target cells involved in the initiation of tissue
damage is of great importance for both experimental and
clinical research. Ideally, such an assay must be tissuespecific, display a dose-response relationship and in
case of the small intestinal epithelium also a volumeresponse relationship. In addition, the assay must be
easily accessible in clinical practice and independent of
experimental conditions such as concurrent medical
conditions, medication and nutritional status. Citrulline
is a candidate biomarker fulfilling most of these criteria.
The assay assesses radiation-induced epithelial cell loss,
an important initiating factor in the pathogenesis of
acute and chronic intestinal radiation injury and one of
several pathophysiological mechanisms underlying clinical
symptoms. Citrulline is a nitrogen end product of small
bowel enterocyte metabolism. Plasma citrulline has been
identified as a biomarker for functional small bowel
enterocyte mass under various clinical and experimental
conditions. In addition to surgery[65-68], celiac and non-celiac
diseases[69], viral enteritis[70] and acute cellular rejection
following small bowel transplantation [70-75] , cytotoxic
treatments was identified as another event associated
with decreased plasma citrulline level due to epithelial
cell loss[30,76-79]. As a whole, plasma citrulline seems to be
a quantitative parameter independent of the underlying
cause for epithelial cell loss.
Small intestinal intermediary metabolism
The small bowel epithelium plays an important role in
the intermediary metabolism of amino acids, particularly
glutamine, citrulline and arginine[80,81] thereby conditioning
the availability of dietary amino acids to extra-intestinal
organs[82]. Intestinal dysfunction resulting from intestinal
diseases or injuries affect intermediary and inter-organ
metabolism[83-85]. Hence, any factor affecting the intestinal
mucosal cell mass will have an impact on protein and
amino acid metabolism[83,86-90]. Since the pioneering work
of Windmueller and Spaeth during the 1970’s many
research groups have demonstrated that amino acids are
the major fuel for the small bowel epithelium, both under
conditions of fasting and feeding[91-97]. Windmueller and
Spaeth identified glutamine as the quantitatively most
important arterial energy source[91,98-100] for the rat jejunum
in fasted animals. Measurements in different species
consistently demonstrated a concentration dependent high
rate of intestinal glutamine extraction from the blood.
Thus, 25%-33% of the total plasma glutamine is extracted
by the small bowel in each single pass[98]. Glutamine is the
most abundant amino acid in plasma and plays a key role
in whole body protein and amino acid metabolism[98,101].
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Organs may be classified as glutamine producers and
as glutamine consumers [102] . Skeletal muscle is by far
the most important producer and the small bowel the
most important consumer. The gut epithelium has been
identified as the predominant site of glutamine uptake and
metabolism[98]. Of all epithelial cells, enterocytes are the
cells mostly responsible for glutamine utilization[103,104]. The
first step in enteral glutamine catabolism is the conversion
to glutamate and ammonia by the mitochondrial enzyme
glutaminase in a non-reversible reaction[105]. The intestinal
uptake of glutamine from the blood varies with the
availability of substrate in the lumen. However, the
intestinal metabolism of plasma glutamine is sustained
during competitive luminal substrate provision, even under
conditions of luminal overloading with glutamate[91,98]. The
gut epithelial cell has access to glutamine from the arterial
blood supply and the gut lumen[98]. The metabolic fate of
glutamine from both routes is nearly identical indicating
a common metabolic pool [91]. Major glutamine carbon
products are CO2 (55%-65%), lactate (8%-16%), citrate
(2%-7%), citrulline (4%-6%), proline (5%-6%), alanine
(0.5%-4%) and ornithine (0.5%-2%). Major glutamine
nitrogen products are ammonia (23%-36%), alanine
(33%-36%), citrulline (10%-34%) and proline (7%-10%).
An endproduct of glutamine metabolism
Citrulline was identified as an endproduct of nitrogen
glutamine metabolism in the rat intestine accounting for
27.6% of metabolised glutamine[96,98,99]. Citrulline is an
intermediate in the urea cycle[106,107], which is comprised
of 5 enzymes, 2 being mitochondrial [(CPSI) and
(OCT)] and 3 being cytosolic enzymes (arginino succinate
synthethase (ASS), arginino succinate lyase (ASL) and
arginase). Windmueller and Spaeth[80] did not detect any
urea-cycle intermediate following luminal administration
of citrulline to the intestinal mucosal cells and concluded
that intestinal mucosal cells contain an incomplete urea
cycle. However, others suggested a complete urea cycle
in rodent enteroctyes[108,109]. Wu finally demonstrated urea
synthesis in porcine enterocytes from ammonia, glutamine
and arginine in a dose-dependent manner, thus providing
the evidence that, in addition to periportal hepatocytes[106],
small intestinal enterocytes[104,110] contain a complete urea
cycle. Whereas an activity was observed of all urea cycle
enzymes, the activity of OCT was by far the highest of all
(i.e. a factor 10-20)[110]. In contrast to hepatocytes in which
CPSI and ASS are considered the regulatory enzymes due
to an exceedingly high arginase activity, in enterocytes the
arginase activity seems to be the limiting factor for urea
synthesis[110]. Given the high rate of glutamine/glutamate
metabolism [91,93,96,111] and the relative abundant OCT
activity [110] in small intestinal enterocytes, the majority
of citrulline produced from glutamine/glutamate [80,104]
will not be further metabolised in the urea cycle but
instead released in the portal circulation. Thus only 5%
of the glutamine-derived ammonia was converted to
urea indicating the low capacity of urea synthesis from
glutamine (or ammonia) in enterocytes[110]. Hence, although
the small intestinal mucosa contains a metabolically
significant urea cycle, the liver is without doubt the major
www.wjgnet.com
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organ for urea synthesis in mammals[106,112]. Furthermore,
citrulline can be effectively regarded as an endproduct of
glutamine/glutamate metabolism of intestinal enterocytes
as sug gested by Windmueller and Spaeth [80,98] and
confirmed in many studies since then[66,69,83,86-88,90,104,111,113-115].

consumer of circulating citrulline extracting about 35% of
arterial citrulline in each pass[80,86]. The relevance of this
pathway is demonstrated quantitatively by the increase of
the plasma citrulline level observed in patients with renal
failure[127].

Pathways for citrulline synthesis
The synthesis of citrulline from glutamine involves 5
mitochondrial enzymes; phosphate-dependent glutaminase
(PDG), pyrroline-5-carboxylate synthase (P5CS), ornithine
aminotransferase (OAT), OCT and CPSI with P5CS
being the key regulatory enzyme[104,116-118]. P5CS is unique
to small intestinal enterocytes [116,119-121]. PDG converts
glutamine to glutamate and ammonia. Glutamate is then
converted to pyrroline-5 carboxylate by P5CS. Pyrroline5-carboxylate is then converted to ornithine by OAT.
Glutamine derived ammonia plus HCO3- are converted
to carbamoyl phosphate by CPSI. Carbamoyl phosphate
and ornithine are finally converted to citrulline by OCT.
Pyrroline-5-carboxylate is a common precursor of both
ornithine and proline. For a long time, glutamine and
glutamate have been considered the only precursor for
pyrroline-5-carboxylate. Wu et al[122] have demonstrated
proline oxidase (PROox) activity in porcine enterocytes
with the synthesis of citrulline and arginine from proline
being another important pathway for citrulline synthesis.
This pathway involves 4 mitochondrial enzymes, being
PROox[123], OAT, OCT and PCSI. Proline is converted
to pyrroline-5-carboxylate by PROox[124]. The subsequent
metabolic steps are the same as for citrulline synthesis
from glutamine, involving OAT, CPSI and OCT. As a
consequence, glutamine-derived nitrogen intermediates
such as glutamate and ammonia are necessary for the
synthesis of citrulline from proline [122]. Based on the
relative enzyme activities [104,125] PROox and CPSI are
suggested key regulatory enzymes in citrulline synthesis
from proline[122]. Small intestinal PROox activity is relatively
high, i.e. 10- and 6-fold greater than the activity in the liver
and the kidney of piglets, respectively[123]. Furthermore,
the total cell mass of small intestine is relatively large
compared to the liver and kidneys, respectively, i.e. 162%
(liver) and 970% (kidneys) in 6 wk old pigs[126]. Hence, the
small intestine may be a major site of proline degradation
and subsequent synthesis of citrulline from proline[122]. In
contrast to glutamine, the luminal proline derived from the
diet is the most important source of proline for citrulline
synthesis[98,122].

Source of circulating citrulline
It is now generally accepted that the small intestinal
absorptive epithelial cell is the major source of circulating
citrulline[104,122,128]. Windmueller and Spaeth investigated the
existence of alternative sources of circulating citrulline[80].
Within 5 min after exclusion of either the intestine
alone or all portal drained viscera from the circulation,
plasma citrulline concentration fell by only 27% and
20%, respectively. Hence, more than 70% of the plasma
citrulline concentration is sustained. Based on the high
rate of citrulline uptake by the kidney accounting for
83% of the citrulline released by the small bowel, it can
be estimated that clearance of citrulline from the plasma
should be complete after 4.3 min in the rat in the absence
of any input[80]. These findings indicate the existence of
extra-splanchnic production sites and/or storage sites
of citrulline. The cerebrospinal fluid [129] and skeletal
muscle[130] are known sites with citrulline concentrations
exceeding that of plasma but could not be identified as
citrulline releasing sites[80]. Measurement of arteriovenous
concentration differences across the hindquarter after
complete removal of the portal drained viscera revealed
a small net release of citrulline accounting for only 24%
of citrulline uptake by the kidney under physiological
conditions. Hence, whereas skeletal muscle may be
considered a storage site for citrulline, it is not a substantial
source for circulating citrulline under normal physiological
circumstances [80]. The liver does not release citrulline
unless provided with un-physiologically high doses of
ammonium in conjunction with high concentrations of
ornithine or proline in the perfusate, indicating that all the
citrulline formed from ornithine or proline is converted to
arginine[80]. This is probably due to the efficient metabolic
channelling of citrulline to ASS and the high activity of
typeⅠarginase in hepatocytes leading to a subsequent
rapid hydrolysis of arginine into urea and ornithine[131].
Hence, despite the results obser ved with the organ
exclusion experiments performed by Windmueller and
Spaeth, no other site but the intestine has been identified
so far that releases significant amounts of citrulline under
physiological conditions. The role of the small intestine as
the major source for circulating citrulline is demonstrated
by experiments in which the plasma citrulline concentration is reduced by means of small bowel targeted
interventions such as specific inhibitors of OAT[116] or
OCT[132], yielding a similar decrease of plasma citrulline
concentration as observed after small bowel resection [83,86,113,114]. Furthermore, strong lines of evidence have
been obtained since then through clinical observations
which are in agreement with this concept[66,69,71,73,87,90,133,134].
Experimental and clinical data suggest a non-homogenous
distribution of citrulline production. The distribution
of P5CS activity in rats was 26%, 31%, 33% and 10% in
the duodenum, upper jejunum, lower jejunum and ileum,

Metabolic fate of citrulline released into the portal vein
Under physiologic conditions there is no appreciable
uptake of citrulline by the liver [80]. Labelled citrulline
was supplied to the liver by a continuous portal infusion
at a concentration 1.5 times the usual portal blood
concentration. Less than 10% of the labelled citrulline
had disappeared from the perfusate after about 40 passes
clearly indicating that very little citrulline in the portal
blood released by the intestine is metabolised by the
liver[80]. Thus citrulline produced and released by the small
intestine simply passes through the liver and reaches the
systemic circulation. Subsequently the kidney is the major
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respectively [120]. The release of citrulline measured as
venous minus arterial concentration in patients admitted
for elective gastrointestinal surgery was 30.4 ± 4.0
μmol/L and 8.4 ± 1.7 μmol/L for the jejunum and ileum,
respectively[111].
Determinants of intestinal citrulline synthesis and plasma
citrulline level
The activity of intestinal citrulline-synthesizing enzymes
changes as a function of the feeding regimen, i.e. during
the suckling and (post) weaning period. Weaninginduced changes in plasma cortisol levels are suggested
to play a role in the difference obser ved between
suckling and weaning animals, rather than developmental
changes related to age[135-138]. Except for the interaction
of metabolites with specific enzymes [137-141], substrate
availability is another deter minant of the citrulline
production by enterocytes [104,122,140,142] . Several inborn
errors[143-148] may give rise to specific changes in citrulline
concentration. Enhanced NO synthase activity in patients
with SLE has been associated with hypercitrullinemia[149].
Taken the central role of glutamine metabolism in the
small intestinal citrulline synthesis[104,122], any metabolic
condition substantially influencing intestinal glutamine
metabolism is likely to have a major impact on citrulline
synthesis as well. In this respect cumulative data indicate
an important role for glucose metabolism [140,141,150]. A
major determinant, however, under steady state conditions
for the rate of citrulline released into the portal and
subsequently the systemic circulation is the actual number
of functional enterocytes[65-69,83,86,87,90,113,114,134,151]. This was
further demonstrated by clinical data on small bowel transplantation[70-75,152]. In addition to a variation in citrulline
synthesis, alterations in citrulline utilization will have an
influence on the plasma citrulline concentration[80,119,127].
Plasma citrulline a surrogate endpoint for enterocyte mass
Effectively, citrulline can be regarded as an endproduct
of glutamine and/or proline metabolism of intestinal
enterocytes [80,98,104,110,122]. Several enzymes are involved
in the synthesis of citrulline from glutamine and/or
proline[104,110,122]. Whereas OAT[116,121] can be categorized
as a ubiquitous enzyme, OCT, CPSI, PROox are highly
polarized and P5CS is extremely polarized[119]. Thus high
activities of OCT[153], CPSI[153] and PROox[121,123] are found
in the small intestine and liver. P5CS activity is almost
exclusively found in small intestinal enterocytes[116,120,121].
This unique enzymatic profile, the unique role of the small
intestine in whole body glutamine metabolism[96,154] and the
relatively high small bowel enterocyte cell mass[126] make
the small bowel epithelium the most important source
of circulating citrulline[128,131]. Taken together these data
indicate a high specificity for circulating citrulline, i.e. small
intestinal enterocytes. Thus under steady state conditions,
citrulline can be considered a marker for the functional
epithelial cell mass of the small bowel, a concept amply
demonstrated in experimental and clinical studies[65-75,80,
83,86-88,90,104,111,113-116,132-134,152]
. Of notice, the lower plasma
citrulline level observed in short bowel patients was
sustained up to one year after treatment[66] emphasizing
its strict dependence on the epithelial cell mass. As such,
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plasma citrulline concentration has been proposed as a
biological marker for viable small bowel epithelium[65-67,
69,71,73-75,152]
. Crenn et al[69] have recently correlated plasma
citrulline concentration with histologically graded villous
atrophy in 42 patients with celiac and 10 patients with
non-celiac villous atrophy disease. These authors identified
a threshold value of 10 μmol/L (25% of the mean normal
baseline value) to be predictive for severe and extensive
villous atrophy and 20 μ mol/L to be predictive for
severe villous atrophy, whatever the extent. The plasma
level of citrulline was thus indicative for the degree of
villous atrophy. This finding is indicative for a possible
volume effect. Crenn et al [69] demonstrated the use of
plasma citrulline for monitoring treatment response in
patients with celiac disease, indicating the simplicity of
the marker in clinical practice. The accuracy of the assay
has been assessed for various clinical settings. Crenn
et al [66] measured plasma citrulline level in 57 patients
with nonmalignant short bowel syndrome defined by a
postduodenal remnant small bowel length of less than 200
cm. Minimal follow up was 2 years after definite digestive
circuit modification. The threshold of plasma citrulline
that best discriminated short bowel patients from controls
was 30 μ mol/L yielding a sensitivity, specificity, PPV
and NPV of 77%, 75%, 76% and 77%, respectively. The
best threshold of plasma citrulline for discrimination of
transient from permanent intestinal failure was 20 μmol/L
yielding a sensitivity, specificity, PPV and NPV of 92%,
90%, 95% and 85%, respectively. In a series of 52 patients
with celiac and nonceliac villous atrophy Crenn et al[69]
correlated plasma citrulline and mucosal atrophy assessed
by endoscopic mucosal biopsies. The threshold of plasma
citrulline for discrimination between nondestructive and
destructive mucosal lesions (modified Marsh classification)
was 20 μmol/L yielding a sensitivity, specificity, PPV and
NPV of 95%, 90%, 88% and 96%, respectively. Gondolesi
et al[75] measured plasma citrulline in 49 intestinal transplant
recipients within 12 h before or after endoscopic biopsies
taken according to a protocol (i.e. twice weekly for 6
wk, once weekly until 6 mo and monthly until 1 year
postintestinal transplant). The sensitivity and specificity of
the citrulline assay for diagnosing transplant rejection in
adults was 80% and 58%, respectively.

PLASMA CITRULLINE: A SURROGATE
ENDPOINT FOR RADIATION INDUCED
EPITHELIAL CELL LOSS
Taken together, plasma citrulline is a candidate marker
for measuring radiation-induced epithelial small bowel
damage. The data indicate that this biomarker is tissuespecific, i.e. small intestinal epithelium. The biomarker
corresponds with an important morpholocal endpoint, i.e.
mucosal atrophy, and is easily accessible in clinical practice.
Although experimental[120] and clinical data[111] suggest a
non-homogenous distribution of citrulline production, a
volume effect is suggested by the data provided by Crenn
et al[66,69].
A decrease of intestinal absorptive function following irradiation has been correlated to the loss of
www.wjgnet.com
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functionally active enterocytes constituting the absorptive
mucosal surface[23-26]. The correlation between radiationinduced epithelial cell loss and plasma citrulline level
was demonstrated in mice by Lutgens et al[76] Following
treatment with a single whole body irradiation (WBI) (dose
range 0-14.9 Gy) blood and jejunal tissue were sampled
for analysis. At 84 h and 4 d after WBI a dose response
relationship was observed for plasma citrulline level. At
this time point plasma citrulline correlated with mucosal
surface, a surrogate endpoint for functional enterocyte
mass. Plasma citrulline level decreased as a function of
dose and time after WBI. Whereas the time effect was
significant for all dose levels used, a significant doseresponse relationship was observed only at d 4 after
WBI. Remarkably, a rapid decline of plasma citrulline
was observed at the first 2 d after WBI independent of
the WBI doses used whereas recovery was more rapid
for the lowest dose (i.e. 8 Gy) and incomplete during the
observation period for the highest dose levels used (i.e. 11
and 12 Gy). This time and dose pattern is in agreement
with the radiation effect on the hierarchically structured
intestinal epithelium[155]. Interestingly, using the epithelial
surface lining as a parameter did not yield significant
changes except for the 4 d time point for the highest
dose levels (i.e. 11 and 12 Gy) whereas for citrullinemia
significant changes were observed for all dose levels used
at the 4 d time point. Furthermore, plasma citrulline
levels remained significantly decreased at the 11 d time
point. For the dose range used in our experiments, mean
values for mucosal surface lining ranged between 56%
and 130% of control values, whereas for citrullinemia
mean values ranged between 6% and 121% of control
values. Thus citrullinemia seems to be more sensitive for
detecting and monitoring small bowel radiation-induced
epithelial cell loss than the representative morphologic
endpoint used in these experiments. After WBI doses of
1-3 Gy no effect on citrullinemia could be demonstrated
whereas this parameter was inversely proportional to WBI
doses of 3-12 Gy. The threshold dose for the citrulline
assay (about 3 Gy) is significantly lower as compared
to the microcolony assay (about 8 Gy). Furthermore,
in contrast to the microcolony assay the citrulline assay
permits repeated measurements within the same animal.
Therefore the citrulline assay and the microcolony assay
are supplementary, both with regard to the dose range as
with regard to their applicability.
The use of plasma citrulline as an assay for acute
small bowel epithelial radiation injury was demonstrated
by Lutgens et al[76] Amifostine was administered to mice
as a radioprotective agent with a consistently found dose
modification factor (DMF) of 1.6 using the microcolony
assay as endpoint[156]. The DMF observed for citrulline (1.5)
was in complete agreement with literature data. Vanclee
et al [79] have used the citrulline assay to demonstrate
a protective effect of keratinocyte growth factor on
cytotoxic treatment induced intestinal injury.
The feasibility of plasma citrulline as a surrogate
marker for radiation-induced small bowel injury was
demonstrated by Lutgens et al[30] in a prospective clinical
study in patients treated with fractionated radiotherapy
www.wjgnet.com
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for abdominal and/or pelvic cancer sites. A dose and
volume effect was observed using dose volume histogram
parameters and plasma citrulline levels as endpoints.
Median nadir citrulline levels were observed during the
3rd wk of fractionated radiotherapy. This time course of
plasma citrulline was further established in two clinical
studies using archive material of patients treated with
intensive myeloablative therapy[77,78]. Following conditioning
treatment with high dose chemotherapy and fractionated
WBI nadir plasma citrulline levels were observed around 7
d after hematopoietic stem cell transplant. Sensitivity and
specificity of the citrulline assay were better compared to
standard endpoints used for assessment of gut damage[77].

CONCLUSION
Radiation-induced small bowel damage is unlikely
to be expressed or quantified by a single functional
or morphological parameter. Several biomarkers are
currently available differing with respect to kinetics,
related target cells and pathophysiological processes
involved and the convenience for clinical use. It is thus
challenging to choose a (set of) biomarker(s) that is
best suited to a specific experimental or clinical setting.
Citrulline is a promising candidate biomarker. A doseresponse relationship[76] and a correlation with epithelial
cell mass [76,79] have been recently demonstrated in
experimental studies. The time course of plasma citrulline
following radiation[30,76,78] is in agreement with well known
radiation effects on the hierarchically structured intestinal
epithelium[155] and clinical observations of acute intestinal
injury. The feasibility of the marker was demonstrated in
a series of patients treated with fractionated radiotherapy
for pelvic and/or abdominal cancers[30]. Unlike most other
used endpoints, the citrulline assay can be applied to both
experimental and clinical settings facilitating translational
research. Also citrulline can be repeatedly measured
enabling monitoring of treatment effects. Finally, the assay
is simple to apply and relatively cheap. Like surgery[65-68],
celiac and non-celiac disease[69] and acute cellular rejection
following small bowel transplantation[70-73,75,152], ionizing
irradiation has been demonstrated to be an additional
event associated with reduced small bowel epithelial cell
mass that can be monitored by plasma citrulline[30,76-79].
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Abstract
Radiation induces an important inflammatory response
in the irradiated organs, characterized by leukocyte
infiltration and vascular changes that are the main
limiting factor in the application of this therapeutic
modality for the treatment of cancer. Recently, a
considerable investigative effort has been directed
at determining the molecular mechanisms by which
radiation induces leukocyte recruitment, in order to
create strategies to prevent intestinal inflammatory
damage. In these review, we consider current available
evidence on the factors governing the process of
leukocyte recruitment in irradiated organs, mainly
derived from experimental studies, with special attention
to adhesion molecules, and their value as therapeutic
targets.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Treatment of malignant tumours by radiotherapy is limited
by the need to avoid acute and late damage to healthy tissue.
Acute and late effects are increasingly being observed
because of the introduction of new aggressive treatment
protocols with combined modalities, specially radiotherapy
plus chemotherapy protocols, or the application of new
technologies allowing to escalate the dose, such as intensity
modulated radiotherapy in prostate cancer[1].

Acute radiation damage is most prominent in tissues
with rapid proliferating cells, such as skin or alimentary
tract. Symptoms develop when functional cell are
lost as a part of normal tissue turnover, and are not
replaced because of the damage produced to the stemcell compartment. Normally, there is a compensatory
proliferation within the stem cell compartment followed
by replacement of functional cells and a final recovery.
Nevertheless, sometimes radiation can cause irreversible
damage to the vital cellular components.
Vascular injury is also a key determinant of both acute
and chronic organ dysfunction associated with irradiation
of the gastrointestinal tract. Generally the acute vascular
changes resolve, at least in part, but many eventually
progress leading to obliterative endarteritis, producing
intestinal ischemia and contributing to more extensive
mucosal injury, ulceration and necrosis [2]. Progress in
molecular and cellular biology has shown that normal
tissue response to irradiation not only depends on the
response of a single target cell type. Radiation dose
delivery can affect the interactions between different
cellular systems. This process relies on a dynamic
equilibrium and radiation can result in the overproduction
of a number of proinf lammator y mediators and
profibrotic cytokines which produce vascular injury and
activation of the coagulation cascade[3].
The objective of this review is to define molecular
implication in radiation-induced intestinal inflammation in
order to improve therapeutic strategies to prevent radiation
side effects.

REGULATION OF LEUKOCYTE-ENDOTHELIAL
CELL INTERACTIONS
Multistep model of leukocyte recruitment
Intravital microscopy studies have documented an early
inflammatory response, appearing only a few hours after
irradiation, characterized by leukocyte infiltration into the
irradiated organs[4,5]. This early inflammatory response has
been implicated in the vascular alterations that result from
radiation damage[6].
The development of an inflammator y response
is a finely regulated process that involves sequential
leukocyte-endothelial cell interactions composed of rolling,
activation, adhesion and emigration phases. Adhesion
molecules expressed on the surface of endothelial cells
(postcapillary venules) and leukocytes, serve to ensure
an ordered sequence of cell to cell interactions that
www.wjgnet.com
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Figure 1 Scheme showing the multistep model of leukocyte-endothelial cell
interactions. The leukocyte and endothelial cell receptors that contribute to the
different steps (rolling, firm adhesion and emigration) are also illustrated. Reprinted
with permission. (review Gastroenterology 1998).

sustain leukocyte adherence to vascular endothelium and
subsequent transendothelial migration into the inflamed
tissue. The initial event is a weak adhesive interaction
that results in leukocyte rolling along the endothelial cell
lining of postcapillary venules. Subsequently, there is a
strengthening of these adhesive forces that lead leukocytes
to become firmly attached to the endothelium and remain
stationary (adherence). Finally, leukocytes migrate into the
interstitium through spaces between adjacent endothelial
cells (Figure 1). These adhesive interactions are regulated
by sequential activation of different families of adhesion
molecules expressed on the surface of leukocytes and
endothelial cells.
Intravital microscopic studies of radiation-induced
leukocyte-endothelial cell adhesion have revealed an
increased number of rolling leukocyte in mesenteric and
intestinal venules (Figure 2) 2 h after irradiation, with
a marked increase in the number of firmly adherent
leukocytes noted after 6 h and 24 h and decrease 14 d after
irradiation[4,8,9]. An increase in oxygen radical production in
the vascular wall has been documented as early as 2 h after
irradiation with a more intense oxidant stress observed at
6 h, this second burst being produced mainly by infiltrating
inflammatory cells.
An increase in the microvascular permeability of
mesenteric venules has clearly been shown 6 h after
abdominal irradiation. Furthermore, there is evidence
indicating that the phenomena of leukocyte adherence
plays an important role in mediating these increases in
permeability because the immunoneutralization of β2integrin (CD18) or ICAM-1 results in attenuation of
radiation-induced leukocyte adherence and albumin
leakage[8].
A possible explanation for the delayed recruitment of
adherent and migrant leukocytes in postcapillary venules
after radiation exposure is an increased expression of
endothelial adhesion molecules. In addition to cytokines
are proteins released by ir radiated tissues and are
implicated in the acute response phase to irradiation[10].
Molecular determinants of leukocyte-endothelial cell
adhesion selectins
Selectins and their ligands mediate the phenomenon
www.wjgnet.com

Figure 2 Image of mesenteric (A) and small bowel (B) venules was obtained by
Intravital microscopic. Rolling and firm adherent leukocytes can be easily identified
by transillumination (A) or fluorescent staining (B).

of leukocyte rolling. Selectines, designed as L-, P-, and
E-selectins, represent a family of adhesive receptors
expressed on leukocytes (L), platelets and endothelial
cells (P), or endothelial cells alone (E). Formed P-selectin
is stored in endothelium-specific storage granules called
Weibel-Palade bodies and in the alpha granules of platelets.
It is then redistributed to the cell surface of platelets and
endothelial cells within minutes upon stimulation[11].
Several studies have involved E- and P-selectin in
mediating leukocyte-endothelial cell interactions in late and
acute inflammation[12,13].
Using P-selectin deficient mice, Mayadas et al[14] showed
that the initial leukocyte recruitment to the peritoneal
cavity in experimentally induced inflammation was entirely
P-selectin dependent.
Different studies have reported that in vivo P-selectin
expression increases after irradiation in lung tissue[15] and
in intestinal tissue. Hallahan et al[16] showed in vitro that the
lowest dose that induced translocation of P-selectin to the
cell membrane was 2 Gy. Confirmatory evidence has been
provided showing that P-selectin expression is significantly
up-regulated in response to abdominal irradiation, and this
regulation is dose- and time-dependent[6]. However, lack
of P-selectin does not afford protection against radiationinduced inflammatory intestinal alterations probably
because leukocyte adhesion is not solely a consequence of
an increase in P-selectin mediated rolling; there is a release
of proinflammatory mediators like PAF[5] or LTB4[17] that
may directly affect firm leukocyte adhesion.
Nevertheless, the heterogeneity in constitutive and
induced P-selectin expression in different vascular beds
suggests that its role in acute inflammation may depend on
the tissue in which damage occurs[18].
The role of E-selectin in radiation-induced intestinal
inflammation has not been clearly defined. Hallahan et al[19]
showed that thoracic irradiation increases E-selectin
expression in the pulmonary vascular endothelium of
mice. In contrast, another study did not detect expression
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Figure 3 Mechanism proposed to explain leukocyte-cell adhesion and tissue
damage caused by irradiation.

of this molecule in wild-type or in P-selectin deficient
mice after abdominal irradiation at different doses (4, 10
Gy) and time (2 h or 24 h) points[6]. Recent studies have
suggested that E-selectin could be involved in the antiinflammatory response after radiotherapy, mediating the
drop in leukocyte adhesion after low dose irradiation (0.30.6 Gy) in vitro[20].
Immunoglobulin superfamily
Extravasation of leukocytes from the vasculature requires
the participation of molecules of the immunoglobulin
superfamily (e.g., ICAM-1 and VCAM-1), which are
expressed on the surface of endothelial cells and interact
with their respective counter-receptors on leukocytes
(integrins) to facilitate inflammatory cell extravasation[10].
A consistent body of evidence indicates [21,22] that
ICAM-1 expression is up-regulated following irradiation.
Studies performed in experimental models of radiation
enteritis[23] support the view that ICAM-1 plays a pivotal
role in determining leukocyte adhesion to intestinal venular
endothelium in early time points after irradiation; these
results were confirmed by two approaches used to test
ICAM-1 function by monoclonal antibodies and ICAM-1
deficient mice [9]. Even though the role of a particular
determinant of leukocyte recruitment in response to an
inflammatory stimulus varies among different organs, the
important role of ICAM-1 has been also documented in
irradiated lung[22,24]. The molecular determinants of late
radiation-induced inflammation seems to differ from the
acute condition. It has been shown that at late time points
(14 d) ICAM-1 expression returns to baseline levels and
blockade of ICAM-1 by monoclonal antibodies has no
longer an effect on leukocyte adhesion in intestinal normal
tissue. By contrast, VCAM-1 seems to be a key determinant
of leukocyte infiltration in the irradiated intestine at
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late time points, because expression of this adhesion
molecule is upregulated late after irradiation, and the
increase in leukocyte adhesion is abrogated by VCAM-1
immunoblockade[9]. In other chronic inflammatory models
like experimental colitis, such as inflammatory bowel
disease, VCAM-1 has also been shown to play a key role
as a determinant in leukocyte recruitment in intestinal
tissue [25] . These findings support the hypothesis that
ICAM-1 and VCAM-1 induction by ionizing radiation
mediated in leukocyte recruitment. Pharmaceuticals that
block these molecules may prevent radiation-mediated
inflammation in normal tissue.
Regulation of endothelial adhesion molecular expression
Regulation of adhesion molecules is determined in part
by activation of transcription factors. Of the many
transcription factors that have been described, NF- κB
and activation protein-1 (AP-1) seem to be particularly
relevant to the regulation of endothelial cell adhesion
molecules[26-28]. NF-κB is believed to play a pivotal role
in the inducible expression of many genes, including
cytokines in gut immune and inflammatory response.
In vitro[29,30] and in vivo[31], irradiation induced a cascade of
inflammatory responses that involved the transcription
factor NF-κB.
Activation of NF-κB in nuclear extracts of intestinal
samples in ir radiated rats was detectable 30 min
after irradiation and was maximal at 60 min, with a
progressive decline in the amount of this transcription
factor in nuclear extracts over the following 60 min[17]. The
radiation-induced inflammatory response is preceded by
the NF-κB transcription factor that up-regulated ICAM-1
expression on endothelial cells[32,33]. These findings provide
the rationale for manipulation of NF-κB system as a mean
of controlling transcription-dependent cellular events that
are involved in radiation-induced inflammatory response.
Other important mechanisms that seem to regulate
endothelial cells expression was the transcription factor
AP-1. The studies suggest that oxidative stress affect
AP-1 and NF- κ B differently and can be explained by
the differential binding of AP-1 and NF-κB to the IL-8
promoter [34] . These cell specific activation signals in
endothelial cells may influence the leukocyte recruitment
and inflammatory reactions.

CONCLUSIONS
Many factors come into play in the development of
radiation induced intestinal damage.
The data derived from in vivo and in vitro models of
radiation-induced intestinal inflammation are generally
consistent with the notion that activated endothelial cells
produce inflammatory mediators and induce the upregulation of CD11/CD18 on leukocytes, which along
with the oxidant stress cause an NF- κ B-dependent
increase in expression of endothelial cell adhesion
molecules. This results in firm leukocyte adhesion to the
vascular endothelium and subsequent extravasation of
inflammatory cells into the inflamed tissue (Figure 3).
Leukocyte infiltration of irradiated tissues is one the initial
histological changes of radiation-induced organ damage.
www.wjgnet.com
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The recognition that leukocyte recruitment is so critical in
the pathogenesis of radiation-induced acute and chronic
organ damage has resulted in an intensive effort to define
the molecular mechanisms that underlie these cell- cell
adhesive interactions. Therapeutic potential of adhesion
molecules inhibition provides the opportunity to develop
therapeutic strategies that can prevent inflammatory
response.
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Abstract
This review summarizes the current state of knowledge
regarding the role of endothelial dysfunction in the
pathogenesis of early and delayed intestinal radiation
toxicity and discusses various endothelial-oriented
interventions aimed at reducing the risk of radiation
enteropathy. Studies published in the biomedical
literature during the past four decades and cited in
PubMed, as well as clinical and laboratory data from our
own research program are reviewed. The risk of injury
to normal tissues limits the cancer cure rates that can
be achieved with radiation therapy. During treatment of
abdominal and pelvic tumors, the intestine is frequently
a major dose-limiting factor. Microvascular injury is
a prominent feature of both early (inflammatory), as
well as delayed (fibroproliferative) radiation injuries
in the intestine and in many other normal tissues.
Evidence from our and other laboratories suggests
that endothelial dysfunction, notably a deficiency of
endothelial thrombomodulin, plays a key role in the
pathogenesis of these radiation responses. Deficient
levels of thrombomodulin cause loss of vascular
thromboresistance, excessive activation of cellular
thrombin receptors by thrombin, and insufficient
activation of protein C, a plasma protein with
anticoagulant, anti-inflammatory, and cytoprotective
properties. These changes are presumed to be critically
involved in many aspects of early intestinal radiation
toxicity and may sustain the fibroproliferative processes

that lead to delayed intestinal dysfunction, fibrosis, and
clinical complications. In conclusion, injury of vascular
endothelium is important in the pathogenesis of the
intestinal radiation response. Endothelial-oriented
interventions are appealing strategies to prevent or treat
normal tissue toxicity associated with radiation treatment
of cancer.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
There are currently more than 10 million cancer survivors
in the United States[1]. The exponential increase in the
cancer survivor population has led to a stronger focus on
reducing treatment-related side effects, thus prompting a
more proactive approach aimed at acquiring a better understanding of the molecular and cellular basis of treatment-related side effects, and at developing interventions
to ameliorate or prevent long term toxicities of cancer
therapy.
Approximately 70% of all cancer patients receive
radiation therapy at some point during the course of their
disease and radiation therapy plays a critical role in 25% of
all cancer cures[2]. Recent advances in treatment delivery,
such as the development of dose-sculpting techniques,
have led to an overall reduction in normal tissue exposure
during radiation therapy. Nevertheless, normal tissue
radiation toxicity remains the single-most important doselimiting factor in radiation therapy and a major obstacle to
uncomplicated cancer cures.
More than 200�����������������������������������
 ����������������������������������
000 patients in the United States
undergo localized radiation therapy for abdominal, pelvic,
and retroperitoneal malignancies each year. During
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Figure 1 Model of interaction between epithelial and endothelial radiation injury
in the intestine demonstrating how endothelial dysfunction may exacerbate
the early intestinal radiation response and “drive” the cycle of chronicity of
intestinal radiation fibrosis. Radiation causes epithelial crypt cell death, leading to
insufficient replacement of the villus epithelium, and breakdown of the epithelial
barrier that normally separates intestinal tissue from the intraluminal contents of
the intestine. Simultaneously, radiation causes endothelial dysfunction, notably
loss of thromboresistance and increased expression of chemokines and adhesion
molecules. The combination of loss of epithelial barrier function and endothelial
dysfunction enhances the post-radiation inflammatory response, inhibits restitution
of the epithelium, and promotes extracellular matrix deposition.

treatment of such tumors, the bowel is almost invariably
exposed and the risk of intestinal radiation injur y
(radiation enteropathy) is often the most important doselimiting factor.
Radiation enteropathy is classified as early (acute) or
delayed (chronic). Early radiation enteropathy occurs
during or shortly after radiation therapy. It is a consequence
of death of rapidly proliferating crypt cells, resulting in
epithelial barrier breakdown and mucosal inflammation
(radiation mucositis). Delayed radiation enteropathy, by
convention, occurs three months or later after radiation
therapy. Chronic radiation enteropathy is characterized
by vascular sclerosis and progressive intestinal wall
fibrosis, leading to intestinal dysfunction (e.g., dysmotility
or malabsorption) and structural injury (e.g., stricture
formation, fistulas, or perforation). In addition to radiationinduced cell death, radiation enteropathy is the result of a
complex interplay among a plethora of pathophysiological
processes, including activation of the coagulation system,
inflammation, epithelial regeneration, tissue remodeling
and collagen deposition. These processes are orchestrated
by a large number of cell types and interacting molecular
signals, including cytokines and growth factors, as well
as various molecules on the endothelial cell surface [3].
Functional perturbation of these endothelial cell molecules
is collectively referred to as endothelial dysfunction.

Endothelial Dysfunction in Early
and Delayed Radiation Enteropathy
Effects of ionizing radiation on the vascular endothelium
Endothelial cells form the inner lining of blood vessels and
cover a total surface area of 4000-7000 m2[4]. Endothelial
cells are highly dynamic and participate in a multitude
of physiological functions, including maintenance of
www.wjgnet.com
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blood fluidity, control of vasomotor tone, trafficking of
cells and nutrients, and growth of new blood vessels[5].
Under normal conditions, endothelial cells maintain an
antithrombotic and anticoagulant balance by exerting
molecular control of platelet aggregation, coagulation and
fibrinolysis[6].
An increasing body of evidence shows that injury
of the microvasculature plays a central role in early and
delayed radiation responses in many normal tissues,
including the intestine. Notably, microvascular injury may
be responsible for the unique self-perpetuating nature
of chronic radiation fibrosis [7-13] . A model depicting
how endothelial cell dysfunction may contribute to and
sustain post-radiation inflammatory and fibroproliferative
responses in the intestine is shown in Figure 1.
The high radiation sensitivity of the microvasculature
is to a large extent attributable to the endothelial cells[14].
Radiation induces a plethora of morphological and
functional alterations in endothelial cells, including
apoptosis, detachment from the basement membrane,
and increased endothelial permeability, resulting in fibrin
deposition in the interstitial space[15,16].
The role of endothelial apoptosis in early intestinal
radiation toxicity, particularly in the so-called acute
gastrointestinal radiation syndrome, has been a much
debated issue for a number of years. T he debate
originated from reports that mice deficient in the enzyme
acid sphingomyelinase are protected from radiationinduced endothelial cell apoptosis, and that these mice
also exhibit decreased levels of crypt cell apoptosis
and decreased lethality after total body irradiation [17].
Because endothelial cell apoptosis, but not apoptosis
of the crypt epithelium, is sphingomyelin-dependent,
the interpretation of this finding, together with a
substantial body of additional supportive evidence, was
that endothelial cell apoptosis appears to be a major
contributor to early intestinal radiation toxicity and that
there may be a causal relationship between endothelial cell
apoptosis and crypt cell apoptosis. There has, however,
been considerable controversy related to the extent and
significance of endothelial apoptosis in the intestinal
microvasculature after radiation exposure, and to whether
or not there is a direct relationship between endothelial
apoptosis and apoptosis in the crypt epithelium [18] .
Despite this controversy, it may be possible to reconcile
these seemingly contradictory findings. It is well known
from other areas of gastrointestinal pathophysiology that
genetic manipulations or pharmacologic interventions that
preserve the intestinal microcirculation after an insult have
a protective effect on the gut epithelium and the intestinal
mucosa. Therefore, it is conceivable that radiation-induced
endothelial cell apoptosis may be the bellwether, or “tip
of the iceberg” that indicates a state of dysfunction of
the intestinal microvasculature, and that it is the state of
endothelial dysfunction that adversely affects the radiation
tolerance and/or repair capacity of the crypt epithelium.
Loss of thromboresistance is a major feature of
endothelial dysfunction after exposure to ionizing
radiation. Radiation induces adhesion and aggregation of
platelets and development of platelet-fibrin thrombi[19-22],
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Figuge 2 The coagulation cascade. Simplified diagram of the coagulation
“cascade” with the intrinsic, extrinsic, and common pathways. Note how
thrombomodulin, located on the luminal surface of endothelial cells, forms
a complex with thrombin, which is converted from a pro-coagulant to an
anticoagulant and how activated protein C (APC) limits thrombin generation by
feed-back into the intrinsic and common coagulation pathways. See text for further
details.

as well as adhesion of inf lammator y cells to the
endothelium[23-25] with subsequent perivascular leukocyte
infiltration. The molecular basis underlying the loss of
endothelial thromboresistance is complex and includes
increased expression of tissue factor[26,27], von Willebrand
factor (vWF)[28-30], and platelet activating factor (PAF)[31];
reduction in fibrinolytic activity[32-34]; and radiation-induced
reduction in the expression of prostacyclin (PGI2), the
PGI2 receptor [35-37] , and thrombomodulin (TM) [12,38] .
Studies performed in our laboratory suggest that radiationinduced loss of TM may play a particularly important role
in the pathogenesis of radiation enteropathy.
The thrombomodulin-protein C system
Endothelial TM is a transmembrane glycoprotein located
on the luminal surface of endothelial cells in most normal
blood vessels. TM forms a complex with thrombin, and
essentially converts thrombin from a pro-coagulant to
an anticoagulant by changing its substrate specificity.
T hrombin, when in complex with TM, no long er
cleaves fibrinogen to form fibrin and no longer activates
cellular thrombin receptors, but instead activates protein
C, thereby limiting further thrombin generation and
counteracting thrombin’s many coagulant, inflammatory,
and fibroproliferative effects (Figure 2). In addition, both
TM and activated protein C (APC) have important intrinsic
anti-inflammatory properties.
Recent studies have demonstrated the importance
of TM in attenuation of inflammatory responses in a
variety of settings, such as, endotoxin-induced tissue
damage, glomerulonephritis, and atherosclerosis [39-42].
One mechanism by which TM exer ts its antiinflammatory properties involves APC. APC inhibits
leukocyte chemotaxis and leukocyte adhesion, suppresses
inflammatory cytokine production, reduces endothelial
cell apoptosis, and maintains endothelial cell barrier
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function[43-48]. In addition, recent studies have shown that
TM has potent intrinsic anti-inflammatory properties by
virtue of its N-terminal domain binding and inhibiting
high mobility group box 1 protein (HMGB1)[49].
Clinical and preclinical studies performed in our
laboratory have shown that radiation causes a striking
(80�������������������������������������������������
%������������������������������������������������
-90%) and sustained reduction in endothelial TM
expression in intestinal microvasculature [12,50,51] . The
reduction in TM appears to be due to a combination of
direct oxidative damage [52,53], and down regulation of
TM at the gene expression level by radiation-induced
inflammatory cytokines such as interleukin 1 (IL1), tumor
necrosis factor α (TNF α ) and transfor ming growth
factor β (TGF β ) [54-57] , and increased release of TM
from the endothelial cell membrane into the circulation
(ectodomain shedding) by granulocyte proteinases and
other inflammatory mediators[58].
Thrombin and cellular thrombin receptors
In the normal situation, thrombin is rapidly removed from
the microcirculation by complex formation with TM. Local
deficiency of TM, such as occurs after irradiation, leads
to decreased thrombin clearance and insufficient protein
C activation, resulting in accumulation of thrombin.
Moreover, the expression of tissue factor, a critical initiator
of thrombin generation, can also be triggered by radiation,
both in vitro and in vivo[26,27]. Hence, radiation enhances
thrombin generation both through the intrinsic and the
extrinsic pathway.
Thrombin induces gap formation between endothelial
cells, resulting in increased vascular permeability [59-62].
Consequently, thrombin may pass through the endothelial
cell layer into the vessel wall and extravascular tissues.
Studies performed in our laboratory show that radiation
causes deposition of enzymatically active thrombin
on the vascular endothelium, in the vascular wall of
small arteries, as well as in the extravascular connective
tissue[27]. Thrombin bound to extracellular matrix remains
functionally active and able to generate fibrin and interact
with surrounding cells [63,64] . We have demonstrated
increased deposition of fibrin in irradiated intestine that
co-localizes with enzymatically active thrombin[27].
Thrombin, in addition to its central role in coagulation,
activates a variety of cell types including endothelial cells,
smooth muscle cells, leukocytes, and platelets, thereby
enhancing many inflammatory and fibroproliferative
processes. For example, thrombin has chemotactic activity
for monocytes and leukocytes and stimulates the migration
of these cells to sites of injury[65]. Thrombin stimulates
fibroblast chemotaxis [66], fibroblast proliferation [67,68],
and fibroblast procollagen production[69]. Thrombin also
enhances proliferation and migration of smooth muscle
cells (SMC) and promotes SMC procollagen synthesis[70-72].
The cellular effects of thrombin are mediated by
activation of cell surface thrombin receptors, proteinase
activated receptors (PARs), a 4-member G-protein coupled
receptor subfamily. Proteinase activated receptor 1 (PAR1)
is the biologically most relevant among the PARs [71-75].
Studies performed in our laboratory show that radiation
upregulates PAR 1 expression in endothelium, SMC,
www.wjgnet.com
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Table 1 Potential pharmacological strategies for modulating
post-radiation endothelial dysfunction to ameliorate
development of radiation enteropathy and some of their
respective limitations

Thrombin ↑
Inflammation
Cytokines ↑
TGF-a IL1, etc.

Proliferation
Collagen production

Figure 3 Proposed model linking radiation-induced endothelial dysfunction to
chronic inflammation and progressive intestinal fibrosis via chronic PAR1 activation.
Radiation causes TM deficiency in endothelial cells, leading to insufficient
“scavenging” of locally formed thrombin. Thrombin exerts pro-coagulant, proinflammatory, mitogenic, and pro-fibrogenic effects on mesenchymal cells (smooth
muscle cells, fibroblasts, and myofibroblasts), as well as other cell types in the
irradiated tissue. Feed-back by cytokines and other inflammatory mediators
sustains the endothelial TM deficiency and thus contributes to the chronicity of
radiation injury.

and myofibroblasts, particularly in areas of fibrosis[27].
Increased expression of PAR1 in SMC may be particularly
important in the context of intestinal wall fibrosis. This
is because, in the intestine, SMC rather than fibroblasts
are the predominant producers of collagen. Analogous
to our observations in radiation enteropathy, upregulation
of PAR1 occurs in a number of other vascular disorders,
including neointima formation after mechanical injury[73],
as well as in response to injury-related cytokines and
growth factors. Figure 3 depicts a model for how deficient
levels of TM after radiation exposure, with subsequent
increased thrombin for mation and upregulation of
PAR1, may contribute to and sustain inflammatory and
fibroproliferative responses in irradiated tissues. Consistent
with this model, in vivo studies performed in our laboratory
have confirmed that scavenging active TGFβ1[76], inhibiting
platelet aggregation[77], inhibiting thrombin function[27],
mucosal immunomodulation [78] , or inhibiting PAR 1
(unpublished data, 2005) all ameliorate various aspects of
early and/or delayed radiation enteropathy. These studies
are consistent with the notion that thrombin is a key link
between downregulated TM and radiation-induced vascular
and intestinal fibrosis.
Platelets
Thrombin, in addition to the properties described above,
also has major effects on blood platelets. Platelets are
the first cellular elements at the site of endothelial injury,
where they initiate the hemostatic and inflammatory
responses and contribute to the local cytokine milieu[79].
In vivo and in vitro studies have demonstrated that radiation
enhances platelet adhesion[80] and platelet aggregation in
the microvascular network[19,20]. The anti-platelet agent,
acetylsalicylic acid (ASA, aspirin) may ameliorate certain
aspects of intestinal and renal radiation toxicity[81-83].
Platelet adhesion, aggregation, and secretion are
regulated by several mediators that are recognized by platelet
surface receptors. Thrombin is a powerful platelet agonist
and PARs mediate most of the actions of thrombin on
platelet function[84]. Hence, PAR1 activating peptide (PAR1AP) triggers complete platelet aggregation similar to the
aggregation induced by thrombin. Adenosine diphosphate
www.wjgnet.com
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(ADP) is stored in platelet granules and is released in
response to primary agonists, including thrombin. Thus, part
of the response of platelets to thrombin is via autocrine
and paracrine effects by secreted ADP[85]. In fact, some
studies suggest that PAR1-AP-induced aggregation may be
entirely dependent on release of ADP[86]. ADP potentiates
multiple platelet responses including the initiation of platelet
aggregation (by receptor P2Y1) and the subsequent full
aggregation and stabilization of platelet aggregates (by
receptor P2Y12)[87,88]. Recent studies from our laboratory
and others show that inhibition of ADP-induced platelet
aggregation by clopidogrel or ticlopidine ameliorates early
and delayed intestinal radiation toxicity[77,89].
Activated platelets directly elicit an inflammatory
response by the production of free radicals and by the
release of potent inflammatory mediators, such as, TGFβ,
PAF, thromboxane, platelet derived growth factor, and IL1,
which all contribute to chemoattraction and activation of
inflammatory cells[79,90]. The ubiquitous proinflammatory,
immunosuppressive, and fibrogenic growth factor, TGFβ,
has been implicated in radiation injury such as skin, liver,
heart, kidney, lung and intestine[76,91-93]. Platelets contain
TGF β in about 100-fold higher amounts than other
types of cells or tissues. We have observed that TGFβ
is expressed at significantly higher than normal levels
after irradiation[94-96]. Moreover, our studies in radiation
enteropathy were the first to demonstrate a mechanistic
role for TGFβ in radiation-induced tissue toxicity[76].

Endothelial-Oriented Approaches
to Modulate radiation
Enteropathy
As described in the previous sections of this review, radiation induces a plethora of changes in the microvascular
endothelium. Some of these changes are transient, but
may contribute to aspects of early radiation enteropathy.
Other changes are sustained and may play direct roles in
the pathogenesis of intestinal radiation fibrosis and in the
mechanisms of chronicity and progression of injury. The
postradiation shift in the thrombohemorrhagic balance toward procoagulation and the accompanying cellular effects
that are the consequences of this shift represent particularly promising targets for intervention (Table 1).
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Many of the conventional inhibitors of blood clotting
have been tested in the attempt to ameliorate normal
tissue radiation toxicity. The inconsistent results of these
interventions are likely a result of the use of non-specific
drugs with multiple actions, use of compounds with
dose-limiting side-effects (primarily bleeding), and/or
a too narrow focus on coagulation without appropriate
consideration of the cellular effects of thrombin and
the anti-inflammatory properties of the TM-protein C
pathway. For example, while heparin is a highly effective
anticoagulant, at therapeutic concentrations heparin
reduces the affinity of thrombin for TM and the rate
of protein C activation[97], and heparin administered at
the time of irradiation actually exacerbates radiationinduced intestinal tissue injury[98]. The direct thrombin
inhibitor, hirudin, ameliorates radiation enteropathy, but
is less effective than an inhibitor of ADP-induced platelet
aggregation, clopidogrel[27]. A possible explanation of these
findings may be that thrombin inhibition also reduces
thrombin-induced protein C activation and thereby the
anti-inflammatory actions of APC. In contrast, inhibition
of ADP-induced platelet aggregation targets processes
downstream of thrombin and does not influence APC in
the same manner. These observations are consistent with
results from other studies showing that direct thrombin
inhibition enhances leukocyte-endothelial cell interaction in
endotoxin-induced sepsis[99] and, despite a favorable effect
on collagen accumulation, does not affect inflammatory
cell recruitment in bleomycin-induced lung injury[100].
Particularly attractive and presumably safe approaches
to modulate radiation-induced endothelial dysfunction
are to administer exogenous recombinant TM and APC,
to restore endothelial cell TM, and/or to block the
downstream effector of thrombin, PAR1.
Recombinant human soluble TM (rhsTM) is composed
of the active, extracellular domain of TM. rhsTM activates
protein C[101], reduces thrombin generation[102], and prevents
thrombosis in vivo[103-105]. The efficacy of rhsTM has been
demonstrated in other situations associated with deficiency
of endothelial TM, such as disseminated intravascular
coagulation, experimental sepsis, and multiple system
organ failure[42,105,106]. rhsTM also inhibits smooth muscle
proliferation and vascular neointimal hyperplasia[107,108].
Although rhsTM has not yet been tested in the context
of radiation toxicity, it is conceivable that rhsTM may be
beneficial in normal tissue radiation toxicity. The objective
would be to provide TM by the exogenous route for a
limited period of time and thus allow TM to regenerate on
the endothelial surface.
Synthetic TM mimics are compounds that change
thrombin’s substrate specificity in a fashion similar to TM
and thus cause thrombin to activate protein C[109]. This
is a new class of antithrombotic agents that exploits the
powerful natural protein C anticoagulant pathway. This
approach may be particularly appealing in the context of
radiation enteropathy, because localized radiation does not
cause protein C deficiency, but rather induces a decrease
in local protein C activation due to lack of functional
TM. However, while the TM mimics may have a superior
therapeutic profile compared to direct thrombin inhibitors,
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TM mimics suitable for use in vivo are not yet available.
Replacement therapy with recombinant APC (rAPC)
is another strategy that might allow endothelial function
to recover and thus interrupt the vicious cycle that leads
to radiation-induced organ dysfunction. APC possesses
a number of properties that are different from those
of conventional anticoagulants, including potent antiinflammatory and cytoprotective activities[110-113]. Studies by
others have shown that rAPC prevents the lethal effects
of E. coli-associated sepsis in animal models and improves
the outcome of patients with severe sepsis[114], and that
short-term rAPC administration ameliorates lung fibrosis
in bleomycin-induced lung injury [115]. Administration
of rAPC during the early postradiation phase warrants
investigation as an approach to mitigate radiation
enteropathy development.
A particularly interesting approach to upregulate and/
or restore endothelial TM is treatment with inhibitors of
3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA)
reductase, for example, the lipid-lowering statins. In 2003,
we and a Japanese group demonstrated independently
that statins, in addition to inhibiting the biosynthesis of
cholesterol, strongly upregulate TM gene expression,
protein levels, and function[116,117] and counteract the effects
of TNF α on endothelial TM [116]. It was subsequently
shown that statins attenuate radiation pneumonitis[118] and
early radiation-induced intestinal toxicity[119]. Whether the
radioprotective properties of statins are indeed attributable
to their effect on TM expression or to other non-lipidrelated statin effects, and whether the beneficial effect of
statins in experimental models of normal tissue radiation
toxicity can be translated to the clinical situation remains
to be shown.
Pentoxifylline as monotherapy or in combination
with tocopherol (vitamin E) is another approach that
may ameliorate normal tissue radiation toxicity in some
tissues by decreasing endothelial dysfunction and restoring
endothelial TM. Pentoxifylline is a methylxanthine
derivative with potent hemorrheologic properties. It
improves blood fluidity by multiple effects such as
increasing the defor mability of red blood cells and
leukocytes, preventing the aggregation of platelets, and
decreasing plasma viscosity. It was originally developed
for treatment of regional microcirculation disorders such
as intermittent claudication and cerebrovascular disease.
However, recent studies have shown that pentoxifylline
possesses anti-inflammatory and immunomodulatory
properties[120-122] and can be used as an adjuvant in the
treatment of a diverse group of diseases, including
sepsis and severe acute respiratory distress syndrome.
Pentoxifylline increases endothelial TM expression and
prevents hypoxic- and TNFα-induced reduction in TM
expression[123,124]. Pentoxifylline also inhibits TF expression
and counteracts activation of the coagulation cascade by
endotoxin[125]. Clinical studies suggest that pentoxifylline
m ay r e ve r s e r a d i a t i o n - i n d u c e d ch r o n i c s k i n a n d
subcutaneous tissue fibrosis[126]. Beneficial effects have also
been observed in radiation-induced ulcer healing, as well
as in radiation-induced toxicity in lung, intestine, uterine,
breast, and jaw muscles [127-131]. Nevertheless, a number
www.wjgnet.com
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of negative animal studies[132,133] and several inconclusive
clinical reports highlight the need for further studies to
define the benefits, indications, and mechanisms of action
of pentoxifylline in radiation fibrosis.
Inhibition of PAR 1 may prove to be a particularly
effective strategy to reduce radiation-induced normal
tissue toxicity. Because PAR1 antagonists are specific for
the cellular actions of thrombin, it does not interfere
with for mation of the thrombin-TM complex and
therefore does not reduce activation of protein C.
Furthermore, since PAR 1 inhibitors do not interfere
with fibrin generation, they will likely be associated with
fewer bleeding complications than other anticoagulants.
Several peptide and non-peptide (small molecule) PAR1
antagonists are under development[134,135]. Some act on the
extracellular portion of the receptors[134], whereas others
act as intracellular inhibitors of signal transduction from
receptors to G proteins[135]. Studies of PAR1 inhibition as
an approach to reduce normal tissue radiation toxicity are
currently underway in our laboratory.

9

CONCLUSIONS

17

Normal tissue toxicity, including intestinal radiation
toxicity, is the main dose-limiting factor during radiation
therapy of cancer. Radiation enteropathy adversely impacts
the therapeutic efficacy of radiation therapy, as well as
the quality of life of long term cancer survivors. Clinical
and preclinical evidence strongly suggests that endothelial
dysfunction plays a critical role in the pathogenesis of early
and delayed radiation enteropathy. Various endothelialoriented pharmacological interventions are currently
under development for the purpose of preventing or
treating radiation enteropathy. Strategies aimed at restoring
or preserving endothelial TM or blocking the thrombin
receptor, PAR 1, hold particular promise, especially if
interventions can be targeted to specific tissues or cellular
compartments.
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Abstract
Transforming growth factor-β (TGF-β), a prototype
of multifunctional cytokine, is a key regulator of
extracellular matrix (ECM) assembly and remodeling.
Specifically, TGF-β isoforms have the ability to induce
the expression of ECM proteins in mesenchymal cells,
and to stimulate the production of protease inhibitors
that prevent enzymatic breakdown of the ECM. Elevated
TGF-β expression in affected organs, and subsequent
deregulation of TGF-β functions, correlates with the
abnormal connective tissue deposition observed during
the onset of fibrotic diseases. During the last few
years, tremendous progress has been made in the
understanding of the molecular aspects of intracellular
signaling downstream of the TGF-β receptors. In
particular, Smad proteins, TGF-β receptor kinase
substrates that translocate into the cell nucleus to act
as transcription factors, have been studied extensively.
The role of Smad3 in the transcriptional regulation of
typeⅠcollagen gene expression and in the development
of fibrosis, demonstrated both in vitro and in animal
models with a targeted deletion of Smad3 , is of critical
importance because it may lead to novel therapeutic
strategies against these diseases. This review focuses
on the mechanisms underlying Smad modulation of
fibrillar collagen expression and how it relates to fibrotic
processes.
© 2007 The WJG Press. All rights reserved.
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Introduction
Fibrosis is a complex tissue disease whose predominant
characteristics are the excessive and abnormal deposition
of extracellular matrix (ECM) components[1,2], that may
affect various organs, including lung, liver, kidney and skin.
From a clinical point of view, fibrosis may be considered
as a somewhat irreversible state of scar tissue, during
which resolution of the healing process does not occur.
Long-term activation of fibroblasts in the affected organs
results in massive fibrous ECM deposition and excessive
fibroblast/myofibroblast proliferation, thus contrasting
with nor mal wound healing during which feedback
mechanisms counterbalance the initial fibroblast activation
into myofibroblasts[3].
Much attention is focused on the role of many
cytokines and growth factors, a group of diverse molecules
derived from blood cells such as platelets, or elaborated
locally by mesenchymal and epithelial cells, that contribute
to the fibrogenic process[1,4]. Among them, the profibrotic
proteins transforming factor-β (TGF-β) and connective
tissue growth factor (CTGF) are considered master
switches for the induction of the fibrotic program. TGF-β
induces fibroblasts to synthesize and contract ECM[5,6],
and CTGF, induced by TGF-β, is considered as a critical
downstream mediator of TGF-β effects on fibroblasts[7,8].
In this overview, we will discuss the progress made in
understanding the central role of TGF- β in fibrotic
diseases.

TGF-β AND RECEPTORS ACTIVATION
TGF-β activation
More than 60 TGF- β family members have been
identified in multicellular organisms. Among these, there
are three TGF-βs, five activins and at least eight Bone
Morphogenetic Proteins (BMPs), all encoded by distinct
genes (Figure 1)[9]. The three mammalian TGF-β isoforms,
TGF- β 1, 2, and 3 are secreted as latent precursor
molecules (LTGF- β ) that contain an amino-terminal
hydrophobic signal peptide region, the latency associated
peptide (LAP) region and the C-terminal potentially
bioactive region [10]. The LTGF- β is usually complexed
with latent TGF- β -binding proteins (LTBP), requiring
activation into a mature form for receptor binding and
subsequent activation of signal transduction pathways.
The LTBP is removed extracellularly by either proteolic
cleavage by various proteases such as plasmin, thrombin,
plasma transglutaminase, or endoglycosylases, or by
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Figure 2 TGF-b/Smad signalling pathway.

TGF-β receptors
Signaling by TGF-β family members occurs through typeⅠ
(TβRI) and type Ⅱ (TβRⅡ) receptors (Figure 2). Five
type Ⅱ and seven typeⅠreceptors, ter med Activinreceptor-like kinases (ALKs) have been identified in
vertebrates[12]. TβRI and TβRⅡ are similar transmembrane
serine/threonine kinases, but typeⅠreceptors have a
conserved Gly/Ser-rich (GS box) upstream from the
kinase domain. In the absence of ligand, TβRI and TβRⅡ
are present as homodimers in the plasma membrane[13].
Ligand binding induces the assembly of typeⅠand
type Ⅱ receptors into complexes, within which TβRⅡ
phosphorylates and activates TβRI. This phosphorylation
event is associated with activation of TβRI kinase and
subsequent downstream signalling[12].

heteromeric complexes with a Co-Smad, Smad4, and are
translocated into the nucleus where they may function
as transcription factors directly or in association with
other DNA-binding factors[9,12,16]. Finally, the inhibitory
Smads, Smad6 and Smad7, act in an opposing manner
to R-Smads to antagonize signaling. They compete with
R-Smads for binding to activated TβRI and thus inhibit
the phosphorylation of R-Smads and/or recruit E3ubiquitin ligases to activated TβRI, resulting in receptor
degradation [16]. Additionally, they may recruit protein
phosphatase-1 (PP1) to the receptor complex, resulting in
the dephosphorylation, thus inactivation, of the receptors
via the catalytic subunit of PP1, GADD45 [9]. Once in
the nucleus, Smad proteins activate transcription through
physical interactions and functional cooperation of DNAbinding Smads with sequence-specific transcription factors
and with the coactivators CBP and p300. The R-Smads
MH1 domain can bind directly to DNA except in the case
of Smad2 where a 30 amino acid insertion in this domain
prevents DNA binding. The minimal Smad3/4-binding
element (SBE) contains only four base pairs, 5’-AGAC-3’,
but there are reports of binding to other G/C-rich
sequences[9,16,17].

TGF-β SIGNALLING BY SMAD PROTEINS
Smad proteins
Signaling from activated T β RI to the nucleus occurs
predominantly by phosphor ylation of cytoplasmic
protein mediators belonging to the Smad family [9] .
The receptor-associated Smads (R-Smads; Smad1, 2,
3, 5 and 8) are recruited to activated TβRI by auxiliary
proteins such as Smad Anchor for Receptor Activation
(SARA) [14] . They all consist of two conser ved Madhomology (MH) domains that form globular structures
separated by a linker region [15]. The N-terminal MH1
domain has DNA-binding activity, whereas the C-terminal
MH2 domain has protein-binding and transactivation
properties. Upon phosphorylation by activated T β RI
on two serine residues within a conserved-SS(M/V)Smotif at the extreme C terminus, activated R-Smads form

TGF-β regulation of extracellular
matrix gene expression
The net accumulation of collagen in tissue fibrosis is a
result of an imbalance between enhanced production
and deposition and impaired degradation of ECM
components, mostly collagens (Figure 3). To date, about
25 types of collagens have been identified. All collagen
molecules consist of three polypeptides, so-called α-chains.
www.wjgnet.com
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Some collagens are homopolymers with each of the three
polypeptides being identical, while other collagens are
heterotrimers with two or three distinct α-chains. TypeⅠ
collagen, the major component of ECM is composed of
two α1 (Ⅰ) chains and one α2 (Ⅰ) chain which are the
products of two genes, COL1A1 and COL1A2. After
translation, the pro-α1 (Ⅰ) and pro-α2 (Ⅰ) polypeptides
chains enter into the endoplasmic reticulum where specific
proline and lysine residues are hydroxylated to form
hydroxyproline and hydroxylysine. This event allows the
pro-α chains to combine with other chains by hydrogen
bonds and form the triple helix procollagen structure.
Procollagens are then secreted through the Golgi apparatus
in the extracellular space, where the N-terminal and
C-terminal propeptides are cleaved by specific proteases.
The mature processed collagen molecules aggregates to
form larger collagens [18]. Abnormalities in any step of
typeⅠcollagen production may result in abnormally
elevated synthesis of typeⅠcollagen which, in turn, causes
tissue fibrosis.
Several studies have shown that exaggerated tissue
deposition of typeⅠcollagen during the fibrotic process
is largely due to an increase in the rate of transcription
of the corresponding genes [2,19,20]. To date, numerous
efforts have been made to identify the signal transduction
pathways involved in the transcription of typeⅠcollagen
genes by TGF-β. Original works demonstrated that TGFβ-responsive sequences regarding the human promoter
of COL1A1 are located between 174 and 84 bp from the
transcription start site, which region contains a binding site
for Sp1 and an element with the canonical NF-1 binding
motif [21] . Regarding the human COL1A2 promoter,
original works demonstrated that a 135-bp region of the
promoter within 330-bp of the transcription start site
could confer responsiveness to TGF-β[22,23]. The minimal
TGF-β-response element was further refined to the region
between nucleotides -271 and -235. The latter contains
potential overlapping cis-element for Smad and AP-1,
which are both implicated in COL1A2 transactivation
by TGF-β[24]. Several Sp1 binding elements contribute to
basal gene expression, and may represent targets for antifibrotic intervention[25]. Cooperation between Smad3 and
www.wjgnet.com
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Sp1 to transactivate the COL1A2 promoter have also been
described, and it has been shown that Smad-p300/CBP
interactions are critical for TGF-β driven COL1A2 gene
transactivation[26, 27]. Other transcriptional coactivators such
as SRC-1 may also participate in TGF-β effects[28].
By the end of the year 2000, only approximately
12 genes were known to contain Smad-responsive
regions, binding Smad complexes directly or indirectly.
All Smad gene targets identified downstream TGF- β
were Smad3-dependent including COL7A1[29], PAI-1[30],
and COL1A2 [31]. Using a combined cDNA microarray
promoter transactivation approach, we have identified
new Smad3/4 gene targets in cultured dermal fibroblasts:
COL1A1, COL3A1, COL5A2, COL6A1, COL6A3,
and TIMP-1. In addition, we identified 49 immediateearly TGF-β target genes. Their activation by TGF-β is
rapid and does not require protein neo-synthesis or JNK
activity. Furthermore, their activation was blocked by
overexpression of the inhibitory Smad, Smad7, and did
not occur in Smad3-deficient mouse fibroblasts. Thus, we
demonstrated that the Smad signaling pathway is crucial
for simultaneous activation of skin fibrillar collagen
genes (COL1A1, COL1A2, COL3A1 and COL5A2) by
TGF-β[32]. Besides playing a large part in the regulation
of the expression of ECM components, Smads have
been identified as capable of mediating the inhibitory
activity of TGF- β on interstitial collagenase (matrix
metalloproteinase-1, MMP-1) gene activation by proinflammatory cytokines, such as IL-1β[33], another mean
by which the Smad pathway is likely to contribute to
exacerbated ECM deposition.

TGF-β in human SKIN fibrosis
diseases
Keloids represent a dysregulated response to cutaneous
wounding that results in an excessive deposition of
collagen with a severely debilitating outcome for the
affected patients. Several studies have demonstrated that
TGF-β1 is expressed at greater levels in keloid fibroblasts
when compared with normal dermal fibroblasts [1]. In
addition, increased expression of TβRI and TBRⅡ, and
increased phosphorylation of Smad3 in keloid fibroblasts,
have also been reported [34], supporting the hypothesis
that TGF-β/Smad signaling plays a central role in keloid
pathogenesis. Further more, the activation of Smad
signaling, importantly that of Smad3, appears to be one
facet of the complex epithelial-mesenchymal interactions
in keloid pathogenesis, resulting in active keratinocyte
proliferation and collagen production by fibroblasts[35].
Skin tissue fibrosis may also be a sequel of both
radiotherapy or accidental exposure to gamma irradiation[36]. Superficial fibrosis is a sequel in humans after
radiotherapy[37], and is characterized by induration of the
dermis and the subcutaneous tissue. In cases of radiation
accidents, high doses of radiation can be delivered to the
skin and severe skin burns can be observed, resulting in
the development of extensive fibronecrotic tissues[36,38].
The concept concerning the initiation of radiation
damage proposes that a cascade of cytokines is initiated
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immediately after irradiation, during the clinically silent
period, persists for long periods of times, and leads to
the development of late damage[39]. The involvement of
TGF-β in this early cascade has been reported in various
irradiated tissues including skin, intestine, mammary
gland and lung[36]. For example, in skin fibrotic samples
from soldiers that suffered accidental irradiation in Lilo,
Georgia, 1997, gene expression studies for collagen typeⅠ
and Ⅲ, and TGF-β1 showed that these three genes are
specifically overexpressed. In addition, TGF-β1 protein
was overexpressed in fibronecrotic skin both in the scar
epidermis and in the fibrotic dermis[36].
Systemic sclerosis (SSc) is a heterogeneous and
generalized connective tissue disorder characterized by
micro-vascular and larger vessel lesions, with consequent
induration and thickening of the skin, fibrotic degenerative
changes in muscles, joints and viscera, mainly the intestinal
tract, the heart, the lungs and the kidneys. Although
the mechanisms involved in the pathological increase
of collagen expression in SSc have not been entirely
elucidated, extensive recent efforts have been devoted
to study the role of TGF-β signaling pathway by Smad
proteins[40]. Immunohistochemical analysis of skin biopsies
performed in non lesional areas from SSc patients and
analysis of fibroblast cultures showed that Smad2 and
Smad3 expression and their nuclear translocation were
increased in these SSc patients[41]. More recently Dong
et al[42]. reported reduction of Smad7 expression in SSc
derived fibroblast cultures as compared to fibroblast
cultures from unaffected areas of the same patients,
suggesting that a defective Smad7 feedback inhibition
could play a role in TGF-β hyper-responsiveness in SSc.
TGF- β has also been implicated as being a key
mediator in a number of fibrotic diseases in organs other
than skin. For example, an increased expression for
TGF-β has been documented during the phase of tissue
remodeling in several forms of acute or chronic lung
disease[43], such as rapid progressive pulmonary fibrosis[44],
idiopathic pulmonary fibrosis [45] , scleroder ma [46] , or
cystic fibrosis[47]. In the cardiovascular system, mounting
evidence supports the notion that TGF-β1 stimulates the
progression of cardiac fibrosis during cardiac hypertrophy
and heart failure [48] . In the kidney, TGF- β is closely
associated with renal interstitial fibrosis, in which normal
glomerular tissue is replaced by ECM, leading to organ
failure[49]. Epithelial-to-Mesenchymal transdifferentiation
induced by TGF- β may contribute to tubular atrophy
and generation of interstitial myofibroblasts, leading to
concomitant tubulo-interstitial fibrosis [50]. In advanced
liver fibrosis resulting in cirrhosis, liver failure, and portal
hypertension, TGF-β fibrotic action is broadly associated
with its ability to lead transdifferentiation of hepatic
stellate cells into myofibroblasts[51].

Smad3, a key mediator of fibrotic
processES
The most direct evidence supporting the involvement
of Smad3 in fibrosis came from the use of mice with a
targeted deletion of Smad3 [52]. For example, skin from
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Smad3-/- mice exposed to a single dose of 30 to 50 Gy of
gamma-irradiation showed significantly less epidermal
acanthosis and dermal influx of mast cells, macrophages,
neutrophils and decreased expression of TGF- β than
skin from wild type littermates suggesting that inhibition
of Smad3 could decrease tissue damage and reduce
fibrosis after exposure to ionizing radiations[53]. In another
experimental model of fibrosis, mice deficient in Smad3
exhibited suppressed typeⅠprocollagen mRNA expression
and reduced hydroxyproline content in the lungs compared
with wild-type mice treated with bleomycin. Furthermore,
loss of Smad3 greatly attenuated morphological fibrotic
responses to bleomycin in the mouse lungs[54]. Likewise,
transient overexpression of active TGF-β1 in lungs, using
adenoviral vector-mediated gene transfer, resulted in
progressive pulmonary fibrosis in wild-type mice, whereas
no fibrosis was seen in the lungs of Smad3-/- animals[55].
Conversely, C57BL/6 mice with bleomycin-induced lungs
receiving an intratracheal injection of a recombinant
adenovirus expressing Smad7 demonstrated suppression
of typeⅠprocollagen mRNA, reduced hydroxyproline
content, and no morphological fibrotic responses in the
lungs, indicated that gene transfer of Smad7 prevents
bleomycin-induced lung fibrosis[56]. More recently, using
mice with targeted deletion of Smad3, Roberts et al[57].
demonstrated that lack of Smad3 prevents the epithelialto-mesenchymal transition of lens epithelial cells following
injur y, and attenuates the development of fibrotic
sequelae. Together, these various experimental approaches
demonstrate the direct implication of Smad3 activation
downstream of TGF-β in the pathogenesis of pulmonary
fibrosis.

CONNECTIVE TISSUE GROWTH FACTOR
Although TGF- β has long been regarded as a pivotal
growth factor in the formation and maintenance of connective tissues and as a major driving influence in many
progressive fibrotic diseases, attention has recently focused
on the role of connective tissue growth factor (CTGF) in
fibrosis. For example, Systemic sclerosis (SSc) fibroblasts
demonstrate constitutive over-expression of CTGF that
promotes migration, proliferation and matrix production. Specifically, in fibroblasts cultured from SSc lesions,
CTGF mRNA and protein are constitutively expressed,
even in the absence of exogenously added TGF-β[58]. In
normal adult fibroblasts, TGF-β induces the expression of
CTGF via a functional Smad3 binding site in the CTGF
promoter. However, mutation of the Smad binding site
does not reduce the high level of CTGF promoter activity
observed in dermal fibroblasts cultured from lesional areas
of scleroderma patients. Thus, the maintenance of the
fibrotic phenotype in scleroderma fibroblasts, as visualized
by excess CTGF expression, appears to be independent of
Smad-dependent TGF-β signaling[59]. The increased level
of CTGF protein and mRNA is also associated with the
accumulation of fibroblasts/myofibroblasts and collagen
deposition in the persistence of late intestinal radiation
fibrosis[60].����������������������������������������������
Interestingly, Balb/c mice that lack CTGF induction upon stimulation with bleomycin, can be transformed into fibrosis-sensitive individuals by generation of
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a protein kinase A-dependent mechanism[73]. However,
several hurdles remain before the TGF-β/Smad3 pathway
can be considered a perfect therapeutic target in situations
such as fibrosis. The identification of alternate signalling
pathways for TGF- β remains critically important. For
example, the role of Smad2 downstream of TGF- β is
rather poorly understood. Identification of Smad2 target
genes will likely shed some light on alternate mechanisms
by which TGF-β may affect connective tissue remodeling.
Likewise, recent evidence for a role of the Rho pathway
in the pathogenesis of radiation-induced enteritis suggest
that inhibition of Rho pathway by pravastatin, an inhibitor
of Rho isoprenylation, may also promise opportunities for
new therapeutic perspectives[74].

SBE
COL1A2
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Abstract
AIM: To evaluate whether intratumoral expression of
measles virus fusogenic membrane glycoproteins H and
F (MV-FMG), encoded by an adenovirus vector Ad.MV-H/
F, alone or in combination with local coexpression of
cytokines (IL-2, IL-12, IL-18, IL-21 or GM-CSF), can
serve as a platform for inducing tumor-specific immune
responses in colon cancer.
METHODS: We used confocal laser scanning microscopy
and flow cytometry to analyze cell-cell fusion after
expression of MV-FMG by dye colocalization. In a
syngeneic bilateral subcutaneous MC38 and Colon26
colon cancer model in C57BL/6 and BALB/c mice, we
assessed the effect on both the directly vector-treated
tumor as well as the contralateral, not directly vectortreated tumor. We assessed the induction of a tumorspecific cytotoxic T lymphocyte (CTL) response with a
lactate dehydrogenase (LDH) release assay.
RESULTS: We demonstrated in vitro that transduction of
MC38 and Colon26 cells with Ad.MV-H/F resulted in dye
colocalization, indicative of cell-cell fusion. In addition,
in the syngeneic bilateral tumor model we demonstrated
a significant regression of the directly vector-inoculated
tumor upon intratumoral expression of MV-FMG alone or
in combination with the tested cytokines. We observed
the highest anti-neoplastic efficacy with MV-FMG and
IL-21 coexpression. The degree of tumor regression of
the not directly vector-treated tumor correlated with the
anti-neoplastic response of the directly vector-treated
tumor. This regression was mediated by a tumor-specific
CTL response.
CONCLUSION: Our data indicate that intratumoral
expression of measles virus fusogenic membrane

glycoproteins is a promising tool both for direct tumor
treatment as well as for tumor vaccination approaches
that can be further enhanced by cytokine coexpression.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Induction of tumor-specific immunity is an attractive
approach to cancer therapy because of the possibility to
harness the body’s own defense mechanisms to destroy
metastatic tumors and to provide long-term protection
against tumor recurrence. The conceptual framework
for immunotherapy depends on the presence of tumorspecific antigens and the ability to induce a cytotoxic
immune response that recognizes tumor cells presenting
antigens. Cytotoxic T lymphocytes (CTLs) recognize
major histocompatibility complex (MHC) classⅠ
molecules complexed to peptides derived from cellular
proteins presented on the cell surface in combination with
costimulatory molecules[1]. However, immunotherapeutic
application using tumor-associated antigens as a vaccine
component is limited to patients with a defined cancer
because only few antigens have been identified to date[2].
Some studies circumvent this limitation by utilizing
tumor-cell lysates, which probably include both known
and unknown antigens [3,4] . The tumor-cell lysate is a
very attractive antigen source for the development of
versatile cancer immunotherapy. In fact, several studies
demonstrated that dendritic cells pulsed with tumor-cell
lysates could offer the potential advantage of augmenting
a broader T cell-immune response against uncharacterized
tumors. However, this method is rather laborious and
time-consuming, as the dendritic cells (DC) have to be
prepared from the patient’s blood for ex vivo pulsing with
tumor cell lysates and are then reinfused[3-5].
The possibility of eliciting antitumor immunity by
in situ vaccination by unmasking tumor antigens for
www.wjgnet.com
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appropriate presentation in a cytokine environment
stimulating cell-mediated immunity would abrogate the
need to obtain and culture a patient’s autologous tumor
cells for manipulation in vitro, including transduction with
cytokine genes, irradiation, and subsequent vaccination.
Using the fusogenic membrane protein G from
vesicular stomatitis virus (VSV-G), which triggers cell
fusion at pH 5.5, Linardakis et al recently demonstrated
in a syngeneic murine B16 melanoma model that FMG
expression can enhance the efficacy of a weak allogeneic
vaccine[5]. Fusogenic membrane glycoproteins (FMG) were
introduced as a new class of therapeutic genes for cancer
gene therapy by Bateman et al[6], who demonstrated that
FMG expression alone resulted in a significantly greater
tumor growth control than suicide prodrug systems.
For cancer gene therapy, glycoproteins from human
immunodeficiency virus (HIV-1)[7], gibbon ape leukemia
virus (GALV)[8,9], and measles virus (MV)[10] have been
evaluated.
Intratumoral expression of viral fusogenic glycoproteins leads to syncytia formation of infected cells with
adjacent cells, thereby increasing the dispersion of viruses
throughout the tumor, lateral spread of the transgene,
virus release and enhanced immunogenicity of tumor cells.
In measles virus, the hemagglutinin (H) protein mediates
attachment to its receptor on the target cell[11,12] and thus
triggers conformational changes in the virus fusion (F)
glycoprotein[13]. This leads to a biologically active fusogenic
form of the F protein that interacts with the host cell
membrane, causing virus-cell or cell-cell fusion[14]. Both H
and F proteins are necessary for fusion to occur.
In this study, we assessed whether the intratumoral
expression of measles virus fusogenic membrane proteins
alone or in combination with local cytokine expression
can serve as an in situ tumor vaccination strategy for
colorectal cancer in two syngeneic bilateral subcutaneous
colorectal cancer models in C57BL/6 and BALB/c mice.
We evaluated the following five cytokines encoded by
replication-defective adenovirus vectors: IL-2, which acts
as a growth factor for T, B and natural killer (NK) cells
and regulates T cell survival by promoting activationinduced cell death[15]; IL-12, which stimulates proliferation
of T as well as NK cells[16]; IL-18, which regulates Th1 and
Th2 immune responses[17] and stimulates IFN-γ production
from immune cells[18]; IL-21, which has immunostimulatory
effects on T and NK as well as dendritic cells [19] and
promotes the proliferation of some B cells[19,20]; and GMCSF, which acts mainly on CD4+ and CD8+ T cells and
dendritic cells[21] but can also promote humoral immune
responses[22,23].
In several clinical studies, systemic administration of
cytokines has been evaluated for the treatment of cancer.
High-dose cytokine therapy has proven to be effective
in some cases, but there has been a considerable range
of adverse side effects limiting the applicability[24,25]. In
our study, the cytokines were expressed intratumorally,
resulting in local high cytokine concentration and therefore
reduced systemic side effects[26].
We monitored the anti-neoplastic effects of the directly
vector-inoculated tumor and effects on the growth of the
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contralateral untreated tumor in a bilateral subcutaneous
syngeneic colon cancer model in mice. In addition we
analyzed the induction of a tumor-specific cytotoxic
T lymphocyte (CTL) response. Our data indicate that
intratumoral expression of MV-FMG particularly in
combination with cytokine expression can serve as an in
situ tumor vaccination strategy for colorectal cancer.

MATERIALS AND METHODS
Cells and cell culture
The human colon adenocarcinoma cell line HT-29 (ATCC
HTB-38) [27] was purchased from the American Type
Culture Collection (Manassas, VA), and the murine colon
adenocarcinoma Colon26 cell line from CLS (Heidelberg,
Germany). The murine colon adenocarcinoma cell line
MC38 was a gift from Steven A. Rosenberg, NCI, NIH,
Bethesda, MD. The human embryonic kidney cell line 293
was purchased from Microbix Biosystems (Toronto, ON).
Viruses
The adenovirus vector Ad.MV-H/F (previously named as
Ad CMV F&H[28]), which carries a bicistronic expression
cassette H/IRES/F encoding measles virus H and F, was
kindly provided by Matthias Dobbelstein, Department of
Molecular Oncology, University of Göttingen, Germany.
The adenovirus vector Ad.IL-2 encoding human IL-2,
which is cross-active in mice [29] , has been described
previously[30].
The adenovirus vectors Ad.IL-12, Ad.IL-18, Ad.IL-21
and Ad.GM-CSF encoding the murine cytokines IL-12,
IL-18, IL-21, and GM-CSF, respectively, were generated
using the AdEasy-1 system [31]. The cDNA for mIL12
(pNGVL3-mIL12 [32]; kindly obtained from Alexander
Rakhmilevich, Depar tment of Human Oncolog y,
University of Wisconsin-Madison, Madison, WI), mIL-18
(pCR3.1:IL-18 [33] ; kindly provided by Camille Locht,
Laboratoire de Microbiologie Génétique et Moléculaire,
Institut Pasteur de Lille, Lille, France), mIL-21 (pORF9mIL21, InvivoGen, San Diego, CA), and mGM-CSF
(pGT60mGM-CSF, InvivoGen) were cloned into the
adenovirus transfer vector pAd.Track[31].
All adenovirus vectors used in this study were E1
and E3-deleted and produced in 293 cells. All viruses
were purified with the Vivapure AdenoPACK 100 kit
(Vivascience, Hannover, Germany). The adenovirus
particle concentration in purified preparations was
d e t e r m i n e d by s p e c t r o p h o t o m e t r y a s d e s c r i b e d
previously[34] and expressed as viral particles (VP)/mL.
With the used ion-exchange column purification kit we
obtained constant particle-to-PFU ratios of about 30:1.
The vector Ad.MV-H/F was produced in the presence of
the synthetic fusion inhibitory peptide Z-D-Phe-Phe-GlyOH (10 μmol/L; Bachem AG, Bubendorf, Switzerland)[35].
The functionality of the cytokine encoding adenovirus
vectors were determined using cytokine specific ELISA
kits (Biosource International, Camarillo, CA and R&D
Systems, Minneapolis, MN). For this, 500 000 293 cells
were transduced at an MOI of 30 VP/cell in 1 mL with
the vectors. Twenty-four hours after transduction with
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Ad.IL-2, Ad.IL-12, Ad.IL-18, Ad.IL-21, or Ad.GM-CSF
we detected in the supernatants 150, 500, 180, 130, and
500 pg of the respective cytokines.
Quantification of syncytia formation by confocal laser
scanning microscopy and flow cytometric analysis
To detect cell fusion, the opposing fusion partners were
cytosolically stained with CellTracker Green CMFDA
or CellTracker Orange CMTMR (Invitrogen, Molecular
Probes, Eugene, OR) according to the manufacturer's
instructions and seeded in an equal ratio onto culture
slides (BD Biosciences Pharmingen, San Diego, CA).
Next morning, 95%-100% confluent cell monolayers were
transduced with Ad.MV-H/F at a multiplicity of infection
(MOI) of 1000 VP/cell (MC38 and Colon26) and 200
VP/cell (HT-29), respectively. The chosen MOI for all
cell lines resulted with Ad5.GFP in -100% transduction
efficiency.
For flow cytometric analysis, 24 h after viral infection
cells were detached by trypsin treatment, washed once
with PBS and analyzed (FACSCalibur flow cytometer,
Becton Dickinson Immunocytometry Systems, Mansfield,
MA). For confocal laser scanning microscopy, 36 h
after transduction, cells were washed and fixed with 2%
paraformaldehyde. Slides were mounted and covered
with thin cover slips before analyzing with the confocal
laser scanning microscope TCS SP2 + DMIRE2 (Leica,
Bensheim, Germany). Dual fluorescence, indicating
membrane fusion, was quantified using the ImageJ
(Version 1.36b, NIH, Bethesda, MA) software with the
colocalization plug-in.
Animal studies
Six to eight week-old female C57BL/6 and BALB/c mice
were obtained from Janvier (Le Genest-St-Isle, France).
For the syngeneic bilateral subcutaneous syngeneic tumor
model, C57BL/6 or BALB/c mice received subcutaneously
1 × 105 MC38 or Colon26 cells, respectively, in 100 μL
into the right hind flank and 1 × 104 cells in 100 μL into
the left hind flank. Animals were randomly assigned to
treatment groups (n = 5 for each tumor model) when the
tumor on the right hind flank reached a volume of some
200 mm3 and the tumor on the left side was palpable.
Animals treated just with the Ad.MV-H/F or the
cytokine encoding adenovirus vectors received 6 × 109
VP in 100 μ L PBS on d 0 and 2 into the right tumor.
When Ad.MV-H/F was administered in combination with
the cytokine encoding adenoviral vectors, 3 × 10 9 VP
of each vector in 100 μL PBS was injected on d 0 and 2
into the right tumor. At least once a week, minimum and
maximum perpendicular tumor axes were measured using
vernier calipers, and tumor volume was calculated using
the simplified formula of a rotational ellipse (l × w2 × 0.5).
The skin thickness of 0.4 mm was subtracted from the
measurements. Animals were maintained under specific
pathogen-free conditions. To generate effector cells, mice
were sacrificed and spleens were harvested and weighed 28
d after virus inoculation.
Immunohistochemistry
For sectioning, tumors were embedded in Jung tissuefr eez in g medium ( L e i c a I n s t r u m e n t s, N u s s l o ch ,
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Germany) as described previously[36]. A Leica CM1900
(Leica Instruments, Wetzlar, Germany) cryostat was
used to prepare ten micron cryosections. Sections were
transferred to microscope slides, followed by acetone
fixation at room temperature for 2 min. After three
times washing with phosphate buffered saline (PBS),
sections were immunostained with rat anti-mouse CD11b
(M1/70.15.11.5) fluorescein isothiocyanate (FITC)conjugated monoclonal antibodies (Miltenyi Biotec Inc.,
Auburn, CA). Digital images were taken with a highresolution still camera (Olympus DP50, Tokyo, Japan)
attached to a fluorescence microscope (Olympus BX51,
Tokyo, Japan).
CTL assay
We analyzed the cytotoxic T lymphocyte (CTL) response
to tumor cells, using the lactate dehydrogenase (LDH)
based CytoTox 96 (Promega) assay according to the
manufacturer’s instructions. In brief, target cells (MC38
or Colon26 cells) were plated at a density of 5000
cells per well in round-bottom 96-well plates. Target
cells were then mixed with effector cells for 4 h at the
indicated ratios. LDH release was determined measuring
absorbance at 490 nm with a plate reader, and the specific
lysis was calculated from triplicate samples as follows:
specific lysis [%] =

Experimental A 490 − Effector spontaneous A 490 - Target spontaneous A 490
×100
Target maximum A 490 - Target spontaneous A 490

Statistical analysis
The statistical software package SPSS 13 (SPSS Inc.,
Chicago, IL) was used for data analysis with indicated tests.
P < 0.05 was considered significant.

RESULTS
MV-FMG expression induces cell-cell fusion and the
formation of multinucleated syncytia of colorectal cells
First, using flow cytometry and confocal laser scanning
microscopy, we analyzed whether transduction of
confluent MC38 and Colon26 cell monolayers with the
measles virus H and F encoding adenovirus Ad.MV-H/F
results in dye colocalization, indicative of cell-cell fusion.
The human colon cancer cell line HT-29 served as a
positive control.
As shown in Figure 1A, flow cytometric analyses,
24 h after transduction with Ad.MV-H/F, revealed in the
murine colon carcinoma cell lines a slight cell-cell fusion,
whereas in the HT29 cells we observed extensive cell-cell
fusion. We confirmed these data qualitatively by confocal
laser scanning microscopy 36 h after transduction with
Ad.MV-H/F (Figure 1B).
Regression of the vector-treated tumor by intratumoral
expression of MV-FMG was enhanced by local cytokine
expression
We evaluated whether the combination of MV-FMG
expression and cytokine (IL-2, IL-12, IL-18, IL-21,
or GM-CSF) expression results in an enhanced in vivo
treatment efficacy of the directly vector-treated tumor and
the contralateral tumor, when compared to single agent
treatment of the treatment components, in a syngeneic
bilateral subcutaneous MC38 colorectal tumor model
www.wjgnet.com
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Figure 1 Quantification of cell-cell fusion by flow cytometry and laser scanning
confocal microscopy. A: Twenty-four hours later cells were analyzed for dye
colocalization by flow cytometry. As a control we used the synthetic fusion
inhibitory peptide (FIP); B: In addition we analyzed the cells 36 h after transduction
with Ad.MV-H/F by confocal laser scanning microscopy. Transduction of Colon26
cells with Ad.MV-H/F resulted in similar cell-cell fusion as in MC38 cells (data not
shown). One representative experiment out of three is shown.

in C57BL/6 mice. As shown in Figure 2, intratumoral
inoculation of Ad.MV-H/F alone resulted in a 51%
reduction of the treated tumor at d 28 (P < 0.005, ANOVA
with Tukey’s HSD). Administration of IL-12, IL-18 or
IL-21 encoding vector resulted in an about 10% to 47%
reduction of directly treated tumor (P < 0.01, ANOVA
with Tukey’s HSD). Treatment with Ad.IL-2 and Ad.GMCSF produced a 10% reduction of the directly treated
tumor (P = NS, ANOVA with Tukey’s HSD). Intratumoral
administration of Ad.MV-H/F in combination with the
IL-2, IL-12, IL-18, IL-21, or GM-CSF encoding vectors
resulted in a 87% to 98% reduction of directly treated
tumor, respectively (P < 0.01, ANOVA with Tukey’s HSD).
To assess whether our results are unique to MC38 cells
and C57BL/6 mice (H-2b), we repeated the syngeneic
bilateral tumor model with Colon26 cells in BALB/c mice
(H-2d), which have contrasting susceptibilities to certain
intracellular pathogens [37,38]. The experimental design
was identical to that described above for MC38 cells in
C57BL/6 mice. As shown in Figure 2, the results are
qualitatively similar to that obtained with MC38 cells.
The efficacy of MV-FMG expression as a tumor vaccine is
enhanced by intratumoral cytokine expression
To deter mine whether intratumoral expression of
measles virus H and F can serve as an in situ tumor
www.wjgnet.com
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vaccination, we monitored the tumor growth of the not
directly vector-treated tumor on the left flank (Figure 2).
Intratumoral expression of measles virus H/F resulted
in a 54% reduction of the contralateral left tumor when
compared to mock treated animals, respectively (P < 0.001,
ANOVA with Tukey’s HSD). Intratumoral treatment
of animals with IL-2, IL-12, IL-18, IL-21, or GM-CSF
encoding vectors resulted in a 8%, 20%, 46%, 32%, or
21% reduction of the not directly vector-treated tumor,
respectively (P ≤ 0.05, ANOVA with Tukey’s HSD; P =
NS for Ad.IL-2). The combination of Ad.MV-H/F with
cytokine encoding adenoviral vectors resulted in an about
85% reduction of the not directly vector-treated tumor (P
< 0.001, ANOVA with Tukey’s HSD).
Intratumoral cytokine expression increased measles virus
H and F expression induced splenomegaly
To analyze whether the observed growth regression of the
not directly vector-treated tumor was immune mediated,
we determined on d 29 the spleen weight of the animals
(Figure 3A). We observed in both tumor models in animals
treated with Ad.MV-H/F about 230% increased median
spleen weight when compared to mock infected animals.
When compared to mock infected animals, treatment with
cytokine encoding adenoviral vectors resulted in about
30% increased spleen weight (P = NS, ANOVA with
Tukey's HSD; P < 0.05 for Ad.IL-18). The combination
of intratumoral Ad.MV-H/F inoculation with the cytokine
encoding vectors resulted in a -300% increased spleen
weight. The treatment combination of intratumoral
MV-FMG and IL-18 expression resulted in the most
pronounced splenomegaly. The spleens of representative
mice of different treatment groups are shown in Figure 3B.
Local and distant anti-neoplastic effects are associated
with the tumor infiltration of macrophages
Shown by immunohistochemistr y (Figure 3C), the
combination therapy consisting of Ad.MV-H/F and
Ad.IL-18 resulted in a strongly enhanced infiltration of
macrophages into the not directly vector-treated tumors,
when compared to mock or single vector-treated animals.
Intratumoral cytokine expression enhanced measles virus
H and F expression-induced tumor cell-specific cytotoxic
T cell response
To analyze whether the observed effects on tumor growth
regression of the not directly vector-treated tumors
were mediated by tumor-specific lymphocyte response,
we perfor med an LDH based cytotoxicity assay. As
shown in Figure 4, the effector splenocytes derived from
untreated mice without tumor did not lyse target tumor
cells (MC38 or Colon26 cells). Splenocytes derived from
mock treated tumor bearing animals did not lyse target
tumor cells. A slight lysis of target cells was observed for
splenocytes of animals treated with Ad.IL-2, Ad.IL-12,
Ad.IL-21, or Ad.GM-CSF, while Ad.IL-18 treated animals
had the highest CTL activity resulting in 25% cell lysis
at an effector to target ratio of 100:1. Splenocytes of
animals treated with Ad.MV-H/F showed a cytotoxicity
of about 51% at a ratio of 100:1. The combination with
the interleukin encoding adenoviruses resulted in a median
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Figure 2 Local and immune-mediated tumor control in a syngeneic bilateral subcutaneous colon cancer model. A: The volume of the tumor on the right flank was measured
at d 28 and presented as box-and-whisker plots, showing minimum, 25th percentile, median, 75th percentile, and maximum tumor volume; B: The volume of the tumor on
the left flank, which did not receive direct viral vector injections, was measured at d 28 and the volume reduction relative to mock treated animals is presented as bar graphs
(mean ± SD). Data of C57BL/6 are presented in white and the data of BALB/c are presented in orange.

cytotoxicity of 76% at an effector to target ratio of 100:1,
whereas the highest cytotoxicity was observed with the
splenocytes from Ad.MV-H/F and Ad.IL-21 treated
animals.

DISCUSSION
The intratumoral expression of viral fusogenic membrane
proteins is a promising approach for cancer gene therapy,
since their expression in tumor cells is directly cytotoxic
and associated with a local bystander effect [6] but can
also induce an anti-tumor immunity [39,40]. Whether the
expression of measles virus H and F in murine cells results
in cell-cell fusion remains controversial. There have been
reports that no cell-cell fusion occurs in murine cells upon
expression of MV-FMG[41], while others demonstrated
cell-cell fusion upon measles virus FMG expression in
highly confluent murine cell monolayers[42,43].
In this study, we demonstrated dye colocalization by
flow cytometry and confocal laser scanning microscopy in
murine cells upon MV-FMG expression, indicating cellcell fusion[44]. Fused murine cells were smaller and cell-cell
fusion occurred to a lesser extent than in human cells, but
fusion was clearly due to measles virus H and F expression
since cell-cell fusion could be blocked by adding a measles
virus-specific fusion inhibitory peptide[35].
The key findings of the colorectal cancer models in
C57BL/6 and BALB/c mice can be summarized as the
following. First, intratumoral expression of measles virus
H and F by the adenovirus vector Ad.MV-H/F resulted,
despite the limited intratumoral spread and transduction

efficiency of the replication-defective adenovirus vectors,
in tumor regression of the directly vector-treated tumors,
confirming previous studies[6]. Due to the host specificity
of adenovirus, generally human adenovirus will not infect
murine cells productively [45]. Thus a trans-complemen
tation of the replication-defective vectors for replication[46]
to improve tumor transduction efficiency[47] is not possible
in this model. Second, we confirmed that FMG expression
can serve as a tumor vaccination platform[5,39], since we
observed regression of the not directly vector-treated
tumor. Third, intratumoral expression of IL-12, IL-18 and
IL-21 resulted in reduction of both the directly vectortreated and the contralateral untreated tumor. However,
in both models the intratumoral expression of IL-2 did
not result in a regression of the contralateral tumor.
There have been several studies examining the tumor
therapy potential of interleukins, mostly IL-2 and IL-12,
administered as recombinant proteins or expressed from
DNA plasmid vectors in tumor vaccination trials mostly in
combination with chemotherapy[48,49]. Fourth, intratumoral
expression of MV-FMG in combination with the
cytokines IL-2, IL-12, IL-18, IL-21 or GM-CSF, encoded
by adenovirus vectors, resulted in a significantly improved
treatment efficacy of the directly vector-inoculated tumors,
but also of the contralateral, not vector-treated tumors,
when compared to single agent therapy. Fifth, treatment
of animals with the combination of Ad.MV-H/F and
or cytokine expression induced tumor-specific cytotoxic
T lymphocyte responses and a massive increased spleen
weight. This suggests that the cytoreductive effects of
MV-FMG expression alone and in combination with
www.wjgnet.com
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intratumoral cytokine expression on the not directly
vector-treated tumors were immune mediated.
A conceivable mechanism for the induction of tumorspecific immunity by expression of measles virus fusogenic
membrane proteins and cytokines are the xenogenization
of tumor cells by presentation of viral antigens on the
cell surface in conjunction with major histocompatibility
complex classⅠmolecules leading to cytotoxic T
lymphocyte (CTL)-mediated tumor cell destruction[50,51].
Furthermore, the expression of FMG has been postulated
to result in an efficient presentation of tumor antigens
on antigen-presenting cells having taken up debris of
apoptotic cells or exosomes of fused cells[52,53]. The impact
of MV-FMG expression seen in our study confirms the
findings published to date, demonstrating that dendritic
cell (DC) maturation and naïve T cell activation are
effectively primed upon contact with FMG-transduced,
syncytia forming tumor cells[40]. Furthermore, we observed
by immunohistochemistry a pronounced tumor infiltration
with macrophages of animals that received intratumoral
injections of adenovirus vector encoding measles virus H
and F in combination with intratumoral IL-18 expression.
Previously, Shimura et al [54] demonstrated that tumorassociated macrophages are inversely correlated with tumor
progression in human prostate cancer, since macrophages
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Figure 4 T cell mediated tumor regression by expression of MV-FMG alone or in
combination with cytokines. Data of all animals were expressed as the percentage
of specific release of three independent experiments (mean ± SD).

provide important antigen-presenting functions[55].
In summary, our data demonstrate that the intratumoral
expression of measles vir us fusogenic membrane
glycoproteins in combination with intratumoral cytokine
expression gives the best results with regard to the antineoplastic effects on the directly vector-treated tumor,
and also with regard to the induction of an anti-tumor
immunity affecting an untreated tumor. To further improve
the treatment efficacy, it should be advantageous to use an
oncolytic vector expressing the FMG and cytokines, most
likely resulting in a more efficient liberation of potential
tumor-associated antigens[56].
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Abstract
AIM: To examine the in vivo phenotype associated
with hepatic metastatic
��������������������������������������
lymph node 64��������������
(MLN64) overexpression.
METHODS: Recombinant-adenovirus-mediated MLN64
gene transfer was used to overexpress MLN64 in the
livers of C57BL/6 mice. We measured the effects of
MLN64 overexpression on hepatic cholesterol content,
bile flow, biliary lipid secretion and apoptosis markers.
For in vitro studies cultured CHO cells with transient
MLN64 overexpression were utilized and apoptosis by
TUNEL assay was measured.
RESULTS: Livers from Ad.MLN64-infected mice exhibited
early onset of liver damage and apoptosis. This response
correlated with increases in liver cholesterol content and
biliary bile acid concentration, and impaired bile flow. We
investigated whether liver MLN64 expression could be
modulated in a murine model of hepatic injury. We found
increased hepatic MLN64 mRNA and protein levels in
mice with chenodeoxycholic acid-induced liver damage.
In addition, cultured CHO cells with transient MLN64
overexpression showed increased apoptosis.
CONCLUSION: In summary, hepatic MLN64 overexpression induced damage and apoptosis in murine

livers and altered cholesterol metabolism. Further studies
are required to elucidate the relevance of these findings
under physiologic and disease conditions.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
MLN64 (metastatic lymph node 64) cDNA was originally
discovered as a highly expressed and amplified gene in
certain breast, gastric, and esophageal cancers[1-3]. Although
MLN64 could play a causative role in tumorigenesis,
its amplification probably reflects the close genomic
proximity (within 36 kb) to the oncogene c-erb-B2 (her-2/
neu), which is invariantly coamplified[3,4]. The N-terminal
of MLN64, the so-called MENTAL domain, includes
four transmembrane helices, whereas the C-terminal
domain contains the StAR-related lipid transfer domain
(START) [5,6]. The latter domain is present in proteins
involved in diverse cell functions [6,7] and exhibits 37%
identity with StAR[5,6]. There
�����������������������������������
is a family of proteins with
homolog y to StAR, each containing the 200-210-aa
START domain, in which MLN64 is known as StarD3[5,6].
Like StAR, the isolated MLN64 START domain binds[5]
and transfers[8] cholesterol in vitro to the mitochondria and
stimulates steroidogenesis when cotransfected with the
cytochrome P450scc[8,9]. However, full-length MLN64 is
less active in steroidogenic assays since its transmembrane
domain localizes it to late endosomes with the START
domain facing the cytosol[8,10]. For this reason, the role
of MLN64 in steroidogenesis is still unclear, but it has
been suggested that proteolysis could release the START
domain to allow delivery of cholesterol to mitochondria[8].
This putative role for MLN64 in steroidogenesis has led to
www.wjgnet.com
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speculation that high levels of MLN64 observed in some
breast carcinomas could contribute to the progression
of these tumors through increased intratumoral
steroidogenesis[4].
The localization and topology of MLN64 in late
endosomes suggest that this protein participates in the
efflux of cholesterol from late endosomes and lysosomes,
possibly together with other proteins such as NiemannPick type C (NPC)1 and NPC2 [10,11]. NPC disease is a
lysosomal cholesterol-storage neurodegenerative disorder
that is caused by deficiency of either NPC1 or NPC2[12,13].
Interestingly, expression of a truncated MLN64 protein
lacking the START domain caused accumulation of
free cholesterol in lysosomes of COS-1 and CHO cells,
causing an NPC-like cellular phenotype[8]. These results
suggest that MLN64 plays a role in the maintenance of
endosomal cholesterol flow and intracellular cholesterol
homeostasis. However, the overexpression of full-length
MLN64 also induced an increase in sterol accumulation in
COS cells, arguing against a role for MLN64 in cholesterol
efflux from this compartment[14]. Moreover, mice with
targeted mutation of the MLN64 START domain were
neurologically intact and fertile, and exhibited only
modest alterations in cellular sterol metabolism[15], leaving
unanswered the question of MLN64 function in vivo.
MLN64 expression is detected in all tissues[16]. In the
liver, MLN64 could mobilize cholesterol into mitochondria
where it should be oxidized in the first step of the acidic
pathway for bile acid synthesis[17]. Indeed, Pandak et al[18]
and Ren et al[19,20] demonstrated that overexpression of
the closest homologue of MLN64 in liver cells, StAR,
leads to an important increase in bile acid synthesis both
in vitro and in vivo. However, MLN64 overexpression in
primary rat hepatocytes produced only a 20% increase in
the rate of bile acid synthesis, suggesting that the hepatic
expression of this protein is not a major determinant of
the transport of cholesterol to the mitochondria during
bile acid synthesis[19].
Even though MLN64 has been suggested to participate in intracellular cholesterol mobilization and
steroidogenesis, its physiological function remains unclear.
Interestingly, MLN64 cDNA has also been associated
with other cellular processes such as the actin-mediated
dynamics of late endocytic organelles[14] and apoptosis,
since a differential-display analysis identified the gene as
being downregulated in retinoic acid-induced apoptosis in
T-cell lymphoma[21]. In the present study, we studied the
in vivo phenotype associated with MLN64 overexpression in
liver using an adenovirus-mediated overexpression strategy.
We found that mice with hepatic MLN64 overexpression
exhibited significant liver damage and apoptosis, and some
minor alterations to cholesterol metabolism.

MATERIALS AND METHODS
Animals and diets
C57BL/6J mice originally purchased from Jackson
Laboratory (Bar Harbor, ME) were bred to generate
our own colony. All mice had free access to water and a
chow diet (< 0.02% cholesterol; Prolab RMH 3000, PMI
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Table 1 Primers for gene expression analysis in MLN64overexpressing mouse livers
Gene

Primers

bax

TATTGGTGAGTCGGATTGC (S)
TGGACGGTCAGTGTCTGG (AS)
CCAACATGTCTGTGTCTACCG (S)
ACAATGTGCTGCTGCTTCTC (AS)
TCGACATCTTTGTTCTGGCT (S)
GAGCAACTCAGAAAGGATGAC (AS)
GTAACCCGTTGAACCCCATT (S)
CCATCCAATCGGTAGTAGCG (AS)

mdm2
mln64
18 S

Fragment size
230 bp
216 bp
148 bp
151 bp

S: sense; AS: antisense.

Feeds, St. Louis, MO). In some experiments, 2-mo-old
C57BL/6J mice were fed chow supplemented with 2%
chenodeoxycholic acid (CDCA) for 1 or 2 d.
Protocols were performed according to accepted
criteria for the humane care of experimental animals, and
were approved by the review board for animal studies of
our institution.
Preparation and administration of recombinant adenoviruses
The recombinant adenovirus encoding the full-length
murine MLN64 cDNA (Ad.MLN64), under control of
the cytomegalovirus (CMV) promoter, was generated
by homologous recombination in bacterial cells using
the AdEAsy system (generously provided by Dr. Bert
Vogelstein, The Johns Hopkins University, Baltimore,
MD)[22]. The control adenovirus Ad.E1Δ, containing no
transgene, was kindly donated by Dr. Karen Kozarsky
(SmithKline Beecham Pharmaceutics, King of Prussia,
PA). Large-scale production of recombinant adenoviruses
was performed from infected HEK 293 cells as described
previously[23].
For viral administration, mice of 2 mo-old were
anesthetized by ether inhalation, the femoral vein was
exposed, and 1x10e11 viral particles (in 0.1 mL of isotonic
saline buffer) of control or recombinant adenoviruses
were injected intravenously. An additional control group
received 0.1 mL of saline buffer only. Animals were
studied 12-24 h after adenoviral infection.
Gene expression analysis by semiquantitative RT-PCR
Five micrograms of total liver RNA from individual
animals was reverse transcribed using random hexamer
primers. Semiquantitative RT-PCR was performed in
the presence of [α-32P]dCTP for bax and mdm2 genes
using primers based on mouse and rat cDNA sequences
available in GeneBank databases (Table 1). After an initial
5 min 94℃ denaturation step, thermal cycling involved 28
cycles at 94℃ for 30 s, 52℃ for 30 s, and 72℃ for 30 s for
bax mRNA analysis and 29 cycles at 94℃ for 1 min, 52℃
for 1 min, and 72℃ for 1 min for mdm2 mRNA analysis.
Gene expression levels were compared to coamplification of 18S internal standards (Ambion, Austin,
TX). PCR products were resolved by 2% ag arose
gel electrophoresis and transferred to a nylon filter.
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Radiolabeled bands were quantified using an imaging
system (Molecular Imager GS-525, BIO-RAD, Hercules,
CA), with the results normalized to the signal generated by
radiolabeled 18S PCR products.
MLN64 gene expression analysis by �������������
real-time PCR
Two micrograms of total RNA from each liver sample
were pretreated with DNAse I (Invitrogen, Carlsbad, CA)
to remove any contaminating genomic DNA, and then reverse-transcribed to cDNA with random hexamers (Invitrogen, Carlsbad, CA). Real-time PCR was performed with
a Stratagene Mx3000P Real-Time PCR System and Brilliant
SYBR Green QPCR Mater Mix (Stratagene, La Jolla, CA)
using 50 ng cDNA per 20 μL reaction volume, a SYBR
green master mix and mln64-specific primers (Table 1).
Changes in gene expression for mln64 were determined
and normalized to 18S rRNA expression levels.
Immunoblotting analysis
For MLN64, total membrane extracts and 10 000 × g
mitochondria/lysosome enriched-pellets from murine
liver were prepared[24], and proteins were fractionated by
10% SDS-PAGE. After transfer to nitrocellulose, proteins
were immunoblotted for MLN64 using anti-MLN64
antiserum[10] and a commercial antibody ab3478 (Abcam,
Cambridge, UK). An anti- ε -COP (�����������������
Coatomer Protein
Complex Subunit Epsilon)�����������������������������
antibody (obtained from Dr.
Monty Krieger, Massachusetts Institute of Technology,
Cambridge, MA) was used as a control for the membrane
protein loading.
Liver homogenates were prepared for analyzing p53,
p21, and Bax protein expressions[25]. For caspase-3 and-12
immunoblotting, liver homogenates were fractionated into
total membranes and cytosol as described previously[23].
Proteins (50 μ g/sample) were separated by 12% SDSPAGE and immunoblotted using anti-caspase-12 (BD
Biosciences Pharmingen, San Diego, CA), anti-caspase-3,
anti-p53, anti-p21 and anti-Bax (Santa Cruz Biotechnology,
Santa Cruz, CA). An anti-albumin antibody was used for
protein normalization.
Antibody binding to protein samples was visualized
using enhanced chemiluminiscence and measured using an
imaging system (Molecular Imager GS-525, BIO-RAD).
Bile, liver, and blood sampling
Mice were anesthetized by intraperitoneal injection of
sodium pentobarbital. After laparotomy, the cyst duct was
ligated and a fistula was made in the common bile duct
using a polyethylene catheter. Hepatic bile specimens were
collected for 30 min, then plasma and liver samples were
obtained as described previously[26,27].
Plasma, hepatic, and biliary biochemical analyses
Serum alkaline phosphatase (AP) and alanine aminotransferase (ALT) were measured by standard methods. Hepatic
and biliary cholesterol as well as biliary phospholipids and
bile acids were determined by standard protocols[28,29].
Hepatic immunofluorescence
Fresh-frozen liver tissues cryosectioned at 4-5 μm were
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fixed in acetone, rinsed three times in phosphate-buffered
saline (PBS), permeabilized with 0.1% Triton X-100 for
15 min, blocked overnight in 10% goat serum in PBS, and
incubated for 2 h at 37℃ with the polyclonal antibody
against MLN64 (1:500 dilution). The secondary antibody
was fluorescein-isothiocyanate-conjugated goat antirabbit
IgG (1:150 dilution). After washing in PBS, samples were
mounted on coverslips using Fluoromount-G (EMS, Fort
Washington, MD). Stained sections were examined by
immunofluorescence microscopy.
Hepatic histology
Liver tissue was fixed in 4% paraformaldehyde for 48 h
and then embedded in paraffin, sectioned, and placed
on glass slides. Hematoxylin and eosin staining was then
performed according to standard procedures.
Hepatic TUNEL analysis
TUNEL (TdT-mediated dUTP nick end labeling)
staining was performed on sections of liver samples
using a commercially available kit (TUNEL Apoptosis
Detection Kit, Upstate, Charlottesville, VA) according
to the manufacturer’s recommendations with minor
modifications. Briefly, cryosections of fresh-frozen tissues
were fixed in 4% paraformaldehyde in PBS for 30 min
at room temperature. The tissue was permeabilized with
0.1% Triton X-100 and 0.1 mol/L sodium acetate for
2 min at 4℃, and then washed twice with PBS. Tissues
were subjected to proteinase K treatment for 15 min. The
DNA of apoptotic cells was enzymatically labeled with the
terminal deoxynucleotidyl transferase for 1 h at 37℃ and
visualized by staining with fluorescein.
Hepatic DNA fragmentation analysis
Liver tissue samples were lysed with hypotonic lysis buffer
(50 mmol/L EDTA, 1% SDS, 50 mg/L proteinase K
in 50 mmol/L Tris-HCl, pH 8) for 15 min on ice, and
then incubated for 4 h at 37℃. DNA was extracted with
an equal volume of phenol/chloroform followed by
chloroform isoamylalcohol (24:1) extraction, the aqueous
phase was collected, and DNA was precipitated by
adding 150 mmol/L sodium acetate and two volumes of
ethanol at -20℃ for 1 h. The precipitate was pelleted by
centrifugation at 10 000 × g, and then washed in cold 70%
ethanol. After centrifugation, each pellet was dissolved in
autoclaved distilled water and electrophoresed on a 1.5%
agarose gel containing 2 μg/mL ethidium bromide. DNA
fragments were visualized in an ultraviolet transilluminator.
Cell culture and transfections, TUNEL staining, and
Hoechst analysis
Chinese hamster ovary (CHO)-K1 cells were grown in
Ham F-12 media supplemented with 10% fetal bovine
serum (FBS), 100 μg/mL streptomycin, and 100 U/mL
penicillin and maintained at 37℃, in an atmosphere of 5%
CO2, and saturated humidity. CHO cells were transfected
using a lipofectamine 2000 reagent (Invitrogen,
Carlsbad, CA) with a pcDNA3.1 empty plasmid or a
pcDNA3.1/MLN64 vector that was constructed by
ligation of a cDNA HindIII fragment encoding mouse
www.wjgnet.com
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MLN64 in pcDNA3.1 (Invitrogen, Carlsbad, CA). After
24 h cells were subjected to immunofluorescence, TUNEL
analysis, and Hoechst staining.
For immunofluorescence, CHO cells were fixed in
4% paraformaldehyde in PBS for 1 h, permeabilized
with 0.1% Triton X-100/0.1% sodium citrate in PBS
for 2 min, blocked 20 min in 0.02% gelatin in PBS and
incubated 2 h with anti-MLN64 ab3478 antibodies
(Abcam, Cambridge, UK) at 1:1000 dilution, followed by
incubation with a Alexa-594-conjugated goat anti-rabbit
IgG (Molecular Probes, Eugene, OR, dilution 1:1000).
TUNEL analysis was performed using a commercial
kit following manufacturer’s recommendations (Roche,
Mannheim, Germany). For Hoechst 33258 staining, cells
were incubated with 1:50 000 dilution of Hoechst 33258
(Polysciences, Warrington, Pennsylvania) for 15 min at
37℃. Fluorescence was analyzed and photographed under
an appropriate microscope (Olympus BX51 TF, Tokyo,
Japan).
Statistical analysis
Results are expressed as mean ± standard error values.
The statistical significance of differences between the
means of the experimental groups was evaluated using
Student’s t-test for unpaired data and with one-way analysis
of variance (ANOVA) with a post-hoc Tukey multiplecomparison test (Prism 3.0, GraphPad). A difference was
considered statistically significant when the probability
value was P < 0.05.

RESULTS
Hepatic MLN64 expression and localization in recombinant
MLN64 adenovirus-infected mice
To deter mine the effects of hepatic MLN64 overexpression, Ad.MLN64 and the control Ad.E1Δ were
infected into C57BL/6 mice. Western blot analysis
(Figure 1A) of mitochondria/lysosome enriched
preparations demonstrated that MLN64 protein was
increased several times in the livers of Ad.MLN64-treated
C57BL/6 mice at 24 h after infection. Overexpressed
MLN64 was detected as a predominant 50-kDa protein[16].
The increase in hepatic MLN64 protein levels induced by
the infusion of Ad.MLN64 was time-dependent (Figure
1B), reaching its maximal effect after 24 h of infection,
and decreasing to undetectable levels after 96 h. Thus, all
the subsequent experiments were performed at 24 h after
Ad.MLN64 infection.
The liver MLN64 staining was essentially intracellular
in Ad.MLN64-infected mice, exhibiting an abundant
punctate pattern (Figure 1C) consistent with MLN64
protein localization in vesicular compartments as reported
previously in other cell types[8,10].
Liver damage and apoptosis in mice with adenovirusmediated hepatic MLN64 overexpression
As described above, hepatic MLN64 expression was highly
increased at 12-24 h after infection with Ad.MLN64, but
it dramatically decreased 96 h thereafter (Figure 1). This
short half-life for transgene expression is an unusual
www.wjgnet.com
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Figure 1 Effect of recombinant MLN64 adenovirus infection on MLN64 expression
in mice livers. A: Immunoblot analysis of MLN64. At 24 h after infection,
mitochondria/lysosome enriched extracts (50 mg protein/lane from Ad.E1Δ and 1
mg protein/lane from Ad.MLN64 mouse livers) were subjected to 10% SDS-PAGE
and Western blotting with anti-MLN64 and anti-e-COP antibodies; B: Time course
of hepatic MLN64 expression after administration of recombinant adenovirus. At
the indicated times (in hours) after infection, livers were collected and analyzed
for MLN64 protein expression in total membrane extracts as described in (A); C:
Immunofluorescence analysis of liver tissue 24 h after infection with control (Ad.
E1Δ) or MLN64 (Ad.MLN64) recombinant adenovirus. Bar: 10 mm. Analysis were
performed in four mice in each experimental group. Results are representative of
three independent experiments.

finding for adenovirus-mediated gene expression in the
liver, given that both previous studies[30,31] and our own
investigations have found substantial levels of protein
expression for other genes using this type of adenovirus
still at 2 wk after infection.
To explore the potential mechanisms underlying the
rapid decrease in MLN64 overexpression, we evaluated
liver damage and apoptosis in MLN64-infected mice. The
first evidence of hepatic damage in these animals was in
the gross morphology of the liver, with the formation of
yellowish-white zones suggesting the presence of hepatic
necrosis at 24 h after infection (Figure 2A). Furthermore,
serum ALT and AP were significantly elevated in mice
infected with virus-encoding CMV-MLN64 compared with
both noninfected mice and those infected with the control
Ad.E1Δ virus (Table 2). Interestingly, we found a doseeffect response in serum ALT and AP levels utilizing lower
doses of viral particles (results not shown). Histological
examination of liver sections demonstrated the presence
of multiple necrotic zones as well as numerous condensed
and fragmented nuclei, which are characteristic of
apoptosis (Figure 2B). DNA fragmentation analysis and
TUNEL assays revealed the presence of a DNA “ladder”
pattern and TUNEL-positive cells in livers of MLN64overexpressing mice (Figure 3), confirming that the
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Table 2 Effects of MLN64 recombinant adenoviral infection on
serum alanine aminotransferase and alkaline phosphatase
(mean ± SE)
Group

ALT U/L

No virus
Ad.E1Δ
Ad.MLN64

B

Ad.E1Δ		
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Ad.MLN64

AP U/L

14.00 ± 7.04
39.67 ± 4.91
3780 ± 1010a

55.25 ± 6.44
76.33 ± 4.42
209.50 ± 20.17a

Measurements were performed in four mice in each experimental group.
a
P < 0.05 vs Ad. E1Δ-infected mice.
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Pro caspase-3
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20 X
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Figure 2 Effect of recombinant MLN64 adenovirus infection on liver morphology
and histology in mice. A: Gross morphology of murine livers 24 h after infection
with Ad.E1Δ or Ad.MLN64. Arrows indicate yellowish-white zones with liver
necrosis in Ad.MLN64-infected mice; B: Liver sections from (A) were prepared for
histology and stained with hematoxylin and eosin. Small arrows indicate necrotic
zones, and the white arrow indicates an apoptotic zone. Analysis were performed
in four mice in each experimental group. Results are representative of three
independent experiments.

Ad.E1Δ
Pro caspase-12
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Figure 3 Effect of recombinant MLN64 adenovirus infection on liver apoptosis in
mice. DNA fragmentation analysis and TUNEL assay were performed in murine
livers 24 h after infection with Ad.E1Δ or Ad.MLN64 as biochemical markers of
apoptosis. A: DNA fragmentation analysis of liver tissue by DNA agarose gel
electrophoresis. DNA l/Hind Ⅲ was used as the standard (Std); B: TUNEL assay.
Substantially more apoptotic cells were detected in liver sections from Ad.MLN64infected mice than in those from Ad.E1Δ-infected mice. Analysis were performed
in four mice in each experimental group. Results are representative of three
independent experiments.

Figure 4 Effect of recombinant MLN64 adenovirus infection on hepatic
expressions of various apoptosis-regulating genes in mice. A: For caspase-3
analysis, liver cytosolic fractions were prepared from Ad.MLN64-infected mice,
and a liver cytosolic fraction from a CDCA-fed mouse was used as a positive
control (C+). For caspase-12 analysis, liver homogenates (TH) from two mice in
each group were fractionated into total membranes (TM) and cytosol (CYT). Total
liver extracts were prepared for the analysis of p53, p21, and Bax expressions.
Proteins were size fractionated by SDS-PAGE, immunoblotted with anticaspase-3, anti-caspase-12, anti-p53, anti-p21, and anti-Bax antibodies, and
subjected to densitometric analysis. The protein expression data are shown after
normalization to the e-COP or albumin signal. aP < 0.05; B: Relative quantitative
RT-PCR in the presence of [a- 32P]dCTP was used to analyze the bax and
mdm2 RNA expressions. A 18S primer control was included in each sample. The
products were resolved on a 1.5% agarose gel and transferred to a nylon filter,
and the radiolabeled signals were quantified. Results are representative of three
independent experiments. aP < 0.05.

apoptosis was induced by MLN64 overexpression.
The acute hepatocyte apoptosis/necrosis induced by
MLN64 overexpression was fully reversible, with livers
appeared healthy and normal at 1 wk after Ad.MLN64
infection, when no MLN64 expression was detected (data
not shown). Remarkably, mortality was not increased in

Ad.MLN-64-infected mice compared to controls.
To further clarify the mechanism of MLN64-induced
apoptosis, we evaluated the hepatic expressions of various
apoptosis-related genes (Figure 4). Western blot analysis
in MLN64-overexpressing mice revealed a significant
increase in the expressions of proapoptotic proteins p53,

40 X

40 X
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Figure 5 Effect of MLN64 over
expression on apoptosis in CHO
cells. CHO-K1 cells were transfected
with a pcDNA3.1 empty or a
pcDNA3.1/MLN64 vector, analyzed
by MLN64 immunofluorescence (A,
E), TUNEL (B, F), or Hoechst 33258
(C, G) staining, and visualized under
fluorescence microscopy. Merge of
panels A, B and C and E, F and G
are shown in panels D and H. Arrows
indicate MLN64 overexpressing
cells.

pcDNA3.1/
mln64

Table 3 Effects of MLN64 recombinant adenoviral infection on hepatic cholesterol levels, biliary bile flow, and lipid secretion (mean ± SE)
Hepatic cholesterol
Group

Liver weight

Biliary lipid secretion

Unesterified
(mg/g liver
weight)

Ester
(mg/g liver
weight)

Bile flow
(mL/min/100 g
body weight)

Cholesterol
(nmol/min/100 g
body weight)

Bile salts
(nmol/min/100 g
body weight)

Phospholipids
(nmol/min/100 g
body weight)

Ad.E1Δ

1.32 ± 0.04 (n = 11)

1.97 ± 0.08

0.20 ± 0.08

9.43 ± 0.76 (n = 8)

2.75 ± 0.33

254.1 ± 34.2

84.25 ± 5.5

Ad.MLN64

1.14 ± 0.04 (n = 16)a

2.38 ± 0.08a

0.21 ± 0.07

4.14 ± 0.61a

1.38 ± 0.19a

308.5 ± 45.4

54.64 ± 13.5

Measurements were performed in six mice in each experimental group, except for liver weight and bile flow as indicated. aP < 0.05 vs Ad.E1Δ-infected mice.

p21, and Bax, whereas the activated forms of caspase-3
and caspase-12 were not detected (Figure 4A). Semiquantitative PCR analysis revealed that bax and mdm2 mRNA
levels were increased in MLN64-overexpressing mice
(Figure 4B).
Apoptosis in CHO cells with transient MLN64 overexpression
To determine if overexpression of MLN64 in cultured
cells, by a system that does not use an adenovirus to
overexpress the protein, directly results in increased
apoptosis, we transiently transfected CHO-K1 cells and
analyzed apoptosis by TUNEL and Hoechst staining.
We observed a clear increase in TUNEL positive cells in
MLN64-overexpressing cells (Figure 5). Furthermore,
nuclear morphology assessed by Hoechst staining of
these cells confirmed an ongoing apoptotic process with
brightly stained nucleus and chromatin condensation
(Figure 5). The percentage of MLN64 transfected CHO
cells undergoing apoptosis was 32%, whereas no positive
TUNEL cells were detected in control CHO transfected
cells with pcDNA3.1. Similar results were obtained in
HEK 293 cells with MLN64 transient overexpression
(results not shown). These results support a potential role
for MLN64 in determining cell death.
Hepatic cholesterol content in mice with adenovirusmediated hepatic MLN64 overexpression
Since excess cellular free cholesterol is a potent inducer
of cell apoptosis[32,33], and MLN64 overexpression in COS
www.wjgnet.com

cells causes cholesterol accumulation[14], we determined
the hepatic total and unesterified cholesterol levels in mice
with adenovirus-mediated hepatic MLN64 overexpression.
As indicated in Table 3, MLN64 overexpression increased
the hepatic free-cholesterol content by 21% relative to
control animals.
MLN64 expression in a murine model of liver damage
induced by chenodeoxycholic acid
To begin to explore the pathophysiological relevance
of our findings, we analyzed MLN64 liver expression in
cholestatic hepatocyte injury induced by a diet high in
CDCA, which is a well-characterized model of apoptosisrelated liver damage induced by bile acids[34,35]. Figure 6
shows that MLN64 mRNA and protein levels increased
significantly compared to control levels, demonstrating
that MLN64 expression is indeed modulated in a liverdamage model involving apoptosis.
Biliary lipid secretion in mice with adenovirus-mediated
hepatic MLN64 overexpression
Since the phenotype of MLN64-infected mice-including
liver damage, apoptosis, and the increase in plasma
AP levels-suggested that animals were in a cholestatic
condition, we studied the effects of hepatic MLN64
overexpression on bile flow and biliary lipid secretion
(Table 3). The total bile flow decreased by 56% in
Ad.MLN64-infected mice. T he biliar y output of
cholesterol decreased by approximately 46% and biliary
phospholipid secretion showed a trend to decrease. Biliary
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1.0
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Control
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8

Figure 6 Effect of a 2% CDCA diet on hepatic MLN64 mRNA and protein levels
in mice. Mice were fed with a 2% CDCA diet for 1 or 2 d. A: Real time PCR was
used to analyze mln64 RNA expression. Each value represents the mean ± SE
for mRNA values determined in CDCA-fed mice relative to those measured in
chow diet-fed mice. There were 5 mice in each group. bP < 0.0001; B: Immunoblot
analysis of MLN64. Mitochondria-enriched liver extracts (50 mg protein/lane) were
subjected to 10% SDS-PAGE and Western blotting with anti-MLN64 and anti-eCOP antibodies. A liver membrane fraction from an Ad.MLN64-infected mouse
was used as a positive control (C+). aP < 0.05.

bile acid secretion remained within normal range, with a
trend to increase. Consistent with the decrease in bile flow
without changes in biliary bile acid output, biliary bile acid
concentrations were increased twofold in Ad.MLN64infected mice (71.07 ± 7.2 mmol/L in Ad.MLN64 mice vs
35.33 ± 7.4 mmol/L in Ad.E1Δ mice). The bile acid pool
size and composition remained unchanged in Ad.MLN64infected mice (data not shown).

DISCUSSION
This study demonstrates that adenovirus-mediated MLN64
overexpression in the mouse liver induces liver damage,
most likely due to activation of the apoptosis cascade.
Consistent with acute and reversible hepatocyte apoptosis
induced by MLN64 overexpression, mortality was not
increased and livers appeared healthy 7 d after Ad.MLN64
infection when no MLN64 overexpression was detected.
In addition, MLN64 hepatic overexpression was associated
with changes in hepatic cholesterol content, bile flow, and
biliary bile acid concentration.
The precise function of MLN64 is unknown. The
MENTAL region of MLN64, which contains four
transmembrane domains, associates this protein with
the membrane of endosomal compartments[10], and its
C-terminal START domain makes it capable of mobilizing
cholesterol[8,10]. Removal of the MLN64 N-terminal region
increased steroidogenesis in COS-1 transfected cells [16]
and enhanced the generation of steroid hormone by
placental mitochondria in in vitro assays[8]. However, mice
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with targeted mutation of the MLN64 START domain
did not exhibit a sterol-metabolism-related phenotype[15],
questioning the physiological importance of the MLN64
START domain in cholesterol trafficking and metabolism.
The most significant finding of our study was the
dramatic induction of liver damage in MLN64-infected
mice, mainly through apoptosis as demonstrated by both
TUNEL and DNA fragmentation analyses. We also
detected an increase in ALT and AP plasma levels at 24 h
after Ad.MLN64 infection, which is consistent with the
current understanding of liver cell apoptosis; it is not a
silent process and may also trigger liver inflammation and
necrosis[36]. Adenovirus-mediated MLN64 overexpression
was concentrated in some zones of the liver (results not
shown). This was correlated with the visualization of
hepatic damage in specific zones of the liver and suggests
that acute and complete MLN64 down-regulation occurs
mainly by apoptosis only in cells overexpressing MLN64.
This response should induce liver regeneration in the
injured zones and could explain that livers appear healthy
7 d after Ad.MLN64-infection.
We detected an increase in the hepatic levels of p53,
p21, Bax, and Mdm2, suggesting that the apoptosis affects
various signaling pathways. Surprisingly, active caspase-3
levels were not increased in MLN64-overexpressing
livers. Caspase-3 is one of the central effector caspases
when apoptosis is initiated by a variety of stimuli[37], and
caspase-3 activation in liver has been described in several
models of damage, such as iron deposition, steatohepatitis,
and treatment with hepatocarcinogens[38,39]. The failure to
detect caspase-3 activation in the present study could be
due to a very low number of cells undergoing apoptosis
or a low sensitivity of the caspase-3 antibody, or both.
Alternatively, MLN64 overexpression may have induced
apoptosis through non-caspase-3-mediated pathways.
The actual mechanism by which MLN64 mediates
apoptosis is not clear and requires further study. Examination of the activation of other caspases, such as caspase
6, 7, 8, 9 and 10 should help elucidate is the observed
apoptosis is caused by the intrinsic pathway or extrinsic
pathway[37]. One attractive hypothesis for MLN64-induced
apoptosis is that this protein stimulates the delivery of
free cholesterol into the endoplasmic reticulum (ER)
membrane, triggering protein unfolding [32]. Consistent
with this idea, liver unesterified cholesterol levels were
increased and hepatic LDL receptor expression, which
is normally controlled by the cholesterol levels in the
ER, was downregulated in MLN64-overexpressing mice
(results not shown). However, caspase-12, a specific
effector that is activated during the ER stress response[37],
was not activated in our MLN64-overexpressing mice.
Still, we can not totally exclude a role for the ER stress
response in MLN64 overexpression-induced apoptosis
given that is has been shown that caspase-12 and caspase
4 are not always required for caspase-dependent ER
stress induced-apoptosis[40]. Another possibility is that the
lysosomal pathway of apoptosis[41] was activated in livers
of MLN64-overexpressing mice. In this pathway, which
can be activated by death receptors, lipid mediators, and
photodamage, lysosomal proteases such as Cathepsin b
www.wjgnet.com
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(Ctsb) can be released by the lysosomes into the
cytosol, where they contribute to the apoptotic cascade
upstream of mitochondria[41]. MLN64 overexpression in
the endolysosomal compartment may alter membrane
structure and composition so as to favor the lysosomal
release of proteases, which leads to apoptosis by activation
of mitochondria-dependent apoptotic pathways without
caspase-3 involvement. Indeed, it has been shown that
MLN64 overexpression induces the formation of enlarged
endosomes, an effect probably mediated by its MENTAL
domain[42]. Interestingly, in vitro studies involving TNFtreated murine fibrosarcoma cells have shown that Ctsb
is responsible for apoptosis-associated changes in the
absence of caspase activity [43] . Further studies using
Ctsb-/- mice and Ctsb inhibitors will help to ascertain the
importance of lysosomal Ctsb release to this response
and whether Ctsb inactivation attenuates the liver damage
and apoptosis induced by MLN64 overexpression.
Also, additional work is required to determine whether
the increase in free-cholesterol levels and the MLN64
subcellular localization are important in the apoptotic
response induced by MLN64 overexpression.
Our results using CHO cells with transient MLN64
overexpression supports a role for MLN64 in apoptosis.
This cell culture system, which does not use the adenovirus
to overexpress itself, is extremely useful in addressing
concerns about the amount of adenovirus or adenoviral
contaminants as the cause for the hepatotoxic effects. In
addition, our results show that MLN64 effect on apoptosis
is present in other cell types from diverse origin, such as
CHO cells, which are derived from hamster ovary and not
only in mouse hepatic-derived cells. We found that 30%
of MLN64 overexpressing CHO were undergoing an
apoptotic process. This results show that although there
is a significant percentage of the population undergoing
apoptosis, much higher that in cells that overexpress any
protein, not all cells are suffering cell death. This may
explain why previous overexpression studies of MLN64
in CHO, COS and Hela cells and primary rat hepatocytes
have not seen an increase in cell death[8,14,19].
The (patho) physiological relevance of our findings
is further supported by the results obtained in mice
with CDCA-induced liver injury[34,35]. In fact, we found a
significant increase in hepatic MLN64 protein and mRNA
levels in the bile acid-induced liver injury model. This
correlative evidence in vivo suggested a potential direct role
on MLN64 expression in hepatocyte death due to CDCA
administration.
MLN64 overexpression also increased the hepatic
free-cholesterol content. This finding is consistent with
a role for MLN64, proposed by Ren et al[19], in delivering
cholesterol from lysosomes to the plasma membrane,
where most of the cellular free cholesterol resides [44].
Another possibility is that cholesterol that accumulates in
late endosomes primarily drives MLN64 protein to this
subcellular compartment[14]. Further analyses are required
to determine whether increased hepatic free cholesterol in
MLN64-infected mice is localized in the plasma membrane
or in intracellular compartments, and how this phenomenon
is related to the apoptotic process.
www.wjgnet.com
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In conclusion, we have shown that MLN64 overexpression induces apoptosis in the murine liver and alters
cholesterol-metabolism-related parameters. Further studies
are required to elucidate the physiological relevance of
these findings.
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Abstract
AIM: To improve the preoperative diagnosis of liver
metastasis from pancreatic cancer, we estimated
computed tomography during arterial angiography (CTA)
with/without administration of angiotensin-Ⅱ (AT-Ⅱ).
METHODS: Thirty-five patients with pancreatic cancer
were examined in this study. After conventional CTA was
performed, pharmacoangiographic CTA was performed
with a 1-3 microgram/5 mL solution of angiotensin  Ⅱ
injected through a catheter into the celiac artery during
spiral computed tomography. We prospectively analyzed
the relative region of interest (ROI) ratio of tumor to
liver with/without AT-Ⅱ.
RESULTS: In all patients, the relative ratio of each
computed tomography (CT) number in the ROI was
larger at pharmacoangiographic CT than at conventional
angiographic CT. Administration of angiotensin-Ⅱ
enhanced the metastatic liver tumor as compared with
normal tissue. Intratumoral blood flow increased in all
patients with malignant tumors due to the pressure
effect of AT-Ⅱ. Furthermore, the metastatic lesions in
the liver of three patients were represented by only
pharmacoangiographic CT, not by conventional CT and
conventional CT angiography. In even peripheral and
central areas of metastatic liver tumor, the lesions were
enhanced after administration of AT-Ⅱ.
CONCLUSION: These results support that high detection
rate of liver metastasis revealed by pharmacoangiographic
CT suggests the improvement of diagnosis on preoperative
staging. Moreover, chemotherapy under AT-Ⅱ induced
www.wjgnet.com
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INTRODUCTION
Pancreatic cancer is a malignancy with a poor prognosis[1].
The cause of death in patients with advanced pancreatic
cancer is primarily the local progression of cancer and
distant metastases. At diagnosis pancreatic cancer is most
commonly locally advanced and often accompanied by
distant metastases to the liver and peritoneum[2]. In fact,
liver metastasis is one of the major causes of cancer death
after resection of pancreatic cancer. Foster reported that
73% of the patients who died of pancreatic cancer were
found to have liver metastases at autopsy[3]. Therefore,
liver metastasis appears to be an important prognostic
factor. Ultrasonog raphy and CT are the first line
investigations to diagnose and localize the primary tumor
and to detect metastatic lesions of pancreatic cancer[4,5].
However, some patients come to laparotomy with
liver metastases not suspected or detected during these
conventional preoperative examinations. To overcome this
situation, some preoperative diagnostic procedures have
been attempted. Computed tomography during arterial
portography (CTAP) has been reported to be the most
sensitive preoperative imaging modality for detecting and
determining the location of hepatic lesions[6,7]. However,
these results were reached mainly for the evaluation of
hepatocellular carcinoma and metastatic tumor from
colorectal cancer. Hence, angiotensin-Ⅱ (AT-Ⅱ) is the
most potent vasoconstrictive agent. Ekelund et al reported
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the diagnostic value of phramacoangiography using AT[8]
Ⅱ . Elevation of the arterial blood pressure by systemic
infusion of AT resulted in a 5.7 fold selective increase in
the blood flow of the tumor tissue without increasing the
blood flow in normal tissue[9,10]. Sasaki et al[11] investigated
the distribution of the hepatic blood flow using a shortlived radioisotope and demonstrated a 3.3 times increase
in the tumor/non-tumor (T/N) ratio of the blood flow
induced by intra-arterial infusion of AT-Ⅱ. They also
observed that intra-arterial infusion of AT-Ⅱ increased
the T/N ratio more than intravenous infusion did, with
a smaller rise in the peripheral blood pressure. To our
knowledge, there is no study of metastatic liver tumor
from pancreatic cancer by means of CT angiography
with/without administration of AT-Ⅱ. We examined
the efficacy of pharmacoangiographic CT with AT-Ⅱ in
patients with metastatic liver tumor from pancreatic cancer
with/without administration of AT-Ⅱ.

MATERIALS AND METHODS
Subjects
Between May 2002 and December 2005, we performed
dynamic CT during celiac ar teriog raphy (he patic
arteriography) administrating with/without AT-Ⅱ in 35
patients (10 men, 25 women) with liver metastasis from
pancreatic cancer. Mean age was 64.3 years, with a range
43-83 years.
Imaging technique
The celiac trunk catheter placement was done by using
Seldinger’s approach through the right femoral artery
with a 5.0-Fr or 3.2-Fr catheter. Celiac arteriography was
performed before CT for the evaluation of the tumor
feeding arteries. For small arteries, the coaxial technique
was used by placing a 2.7 Fr microcatheter (Renegade Hi
Fro catheter, Target Therapeutics, San Jose, CA, USA
or Micro Ferret, Cook, Bloomington, IN, USA) in the
appropriate feeding artery, depending on tumor location.
CT arteriography was started 3 s after the initiation
of a transcatheter hepatic arterial injection of 30 mL of
nonionic contrast material (Omnipaque 100 mgI/mL, Daiichi, Osaka, Japan) through a catheter, using an automated
power injector (Auto Enhance A-50; Nemoto Kyorindo.
Tokyo). Injection rate ranged from 1.5 to 2.0 mL/s
depending on the catheter tip location. CT imaging was
performed on a helical CT scanner (HiSpeed Advantage;
GE Medical Systems, Milwaukee, Wis) with the following
technical parameters: 120 kVp, 200 mA, 1-second scan
speed, 24-s scanning time, 6-s delay, 4-6 mm/s velocity
of table feed, 3-5 mm section thickness, 12-cm field of
view, 5-mm increment of reconstructed axial images and a
standard body reconstruction algorithm.
After about 10 min. from conventional angiographic
CT, AT-Ⅱ was infused into the catheter at a rate of
5 μ g in 5 mL nor mal saline for 10 s. Two min after
administration of AT-Ⅱ, repeat CT arteriography was
carried out during the injection of contrast material with
the same dose, injection rate, and technical parameters as
at the conventional angiographic CT.

A
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Figure 1 A 78 years old woman with liver metastasis from pancreatic cancer. A:
Conventional angiographic CT; B: Pharmacoangiographic CT with angiotensin Ⅱ.
The tumor to liver contrast is increased, and well demarcated low density area in
the liver is now highly indicative of liver metastasis.

The mean attenuation values of regions of interest
(ROIs) in the tumor and in the liver parenchyma were
measured on the angiographic CT images obtained with
and without AT-Ⅱ.
Region of interest measurements of the normal liver
tissue and central area of metastatic liver tumor were
obtained at each time point. All ROIs were approximately
1 cm2. Attenuation (in Housefield Units) and enhancement
(attenuation after injection minus attenuation before
injection) were plotted as a function of time for each dose
regimen and as a function of dose at each time point.
Radiologists evaluated the images independently;
discrepancies in their interpretations were solved by
consensus.
The contrast of the tumor to liver parenchyma in
angiographic CT with/without AT-Ⅱ infusion respectively
were compared using the Wilcoxon paired test.
All patients gave their informed consent after being
fully informed on this study. The study was approved by
the Ethical Committee of our hospital and was conducted
in accordance with the principles of the Declaration of
Helsinki.

RESULTS
To evaluate the effect of AT-Ⅱ on angiographic CT
images, we divided the liver into two areas (nor mal
parenchyma and central area of metastatic liver tumor). We
calculated the number of enhanced areas on the images
from the studies with and without AT-Ⅱ.
For instance, a 78 year old woman with liver metastasis
from pancreatic cancer was examined with dynamic CT
during celiac arteriography administrating with/without ATⅡ as described. Phamacoangiographic CT showed marked
multiple liver metastasis enhancement (Figure 1).
The attenuation value of the tumor was significantly
increased after injection of AT-Ⅱ at angiographic CT. The
mean values of the tumor contrast at angiographic CT
with and without AT-Ⅱ were respectively 122.1 HU and
90.3 HU (P < 0.01) (Figure 2).
Furthermore, even central necrosis was well enhanced
after injection of AT-Ⅱ at pharmacoangiographic CT.
Although the attenuation value of tumors was also
increased on images obtained after the injection of angiotensin Ⅱ, the tumor to liver contrast was significantly
greater at pharmacoangiographic CT (Figure 3).
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Figure 2 Comparison of the attenuation value of the enhanced liver metastasis in
angiographic CT with and without angiotensin Ⅱ (AT-Ⅱ).

Pharmacoangiographic CT showed marked enhancement
of the tumor surrounded by poorly enhanced parenchyma,
although digital subtraction angiography revealed no tumor
stain.
Side effects
As expected, the hepatic arterial infusion of AT-Ⅱ induced
a modest rise in systemic blood pressure (an increase in the
systolic pressure of up to 40 mmHg) which reached a peak
at the end of the 100 s infusion, then gradually declined.
No rebound hypotension was observed. These effects
were accompanied by transient elevation of mean arterial
pressure, but no change in pulse rate.

DISCUSSION
The prognosis for pancreatic cancer is poor. Surgery is
considered the only curative therapy. However, the 5 year
survival rate after resection of pancreatic cancer is still
very low, even when radical surgery is performed[12,13]. Most
patients with pancreatic cancer have distant metastases
at the time of diagnosis, particularly involving the liver.
Even when small lesions (< 2 cm) can be detected, most
of them are locally advanced and microscopically invasive.
Some patients come to laparotomy with liver metastasis
not suspected or detected during the conventional
preoperative examinations. In 70% of patients who
undergo pancreatectomy, occult liver metastasis that may
already have existed at the time of surgery are one of the
most common sites of treatment failure[14]. Patients with
certain types of metastatic liver tumors such as colorectal
cancer who undergo surgical resection of the tumor have
improved long term survival rates compared with similar
patients who do not undergo resection [15] . However,
resection is useless and harmful for most of the patients
with metastatic liver tumors from pancreatic cancer.
Although Fortner[16] has attempted to resect such advanced
tumors by using regional pancreatectomy, they failed to
improve patient survival. The exact number of metastatic
lesions is irrelevant in cases of pancreatic cancer, as
opposed to metastatic colon cancer.
To improve the survival rate of pancreatic cancer, it is
important to diagnose its resectability before operation.
Further more, to improve the value of preoperative
www.wjgnet.com
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Figure 3 Tumor to liver parenchyma contrast in angiographic CT with and without
angiotensin Ⅱ (AT-Ⅱ) in 35 patients with liver metastasis due to pancreatic
cancer.

diagnosis in patients with pancreatic cancer in terms
of evaluation of resectability, a modality other than
conventional examination methods is needed. Therefore,
we examined pharmacokinetic CTA.
Intratumoral blood vessels are immature, lacking
both smooth muscle cells and immunoreactive nerves[17].
Therefore, tumor vessels are unable to react to vasoconstricting agents[18,19].
AT-Ⅱ causes arteriolar constriction in normal blood
vessels. It is a powerful vasoconstrictor which has been
shown to alter the distribution of blood flow in favor of
intrahepatic tumor perfusion during short (3-4 min) intraarterial infusions of the compound[11]. Increased tumor
blood flow following AT-Ⅱ infusion may increase the
exposure of tumor to chemotherapeutic agents, and CT
angiography may provide useful information about the
potential of AT-Ⅱ and other vasoconstrictors to enhance
targeting precision.
It is reported that there is a temporary increase in the
relative arterial perfusion of human hepatic tumors during
an infusion of AT-Ⅱ[11]. Furthermore, it was reported
that the addition of AT-Ⅱ to hepatic artery infusional
chemotherapy, significantly improves the tumor/liver
ratio of drug uptake in an experimental model of hepatic
metastasis[20]. However, to our knowledge, there is no study
of metastatic liver tumor from pancreatic cancer by means
of CT angiography with/without administration of AT-Ⅱ.
We quantitatively evaluated computed tomography during
arterial angiography (CTA) with/without administration of
AT-Ⅱ by means of pharmacoangiographic CT in patients
with metastatic pancreatic cancer for the preoperative
evaluation of liver metastasis from pancreatic cancer.
The attenuation value of the liver metastasis was
significantly increased in pharmacoangiographic CT.
Furthermore, even central necrosis was well enhanced
after injection of AT-Ⅱ at pharmacoangiographic CT.
The tumor to liver contrast was also significantly greater at
pharmacoangiographic CT.
Pharmacoangiographic CT by AT-Ⅱ showed marked
enhancement of the tumor sur rounded by poorly
enhanced parenchyma, although digital subtraction
angiography revealed no tumor stain.
Because the injection of AT-Ⅱ into the celiac artery
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results in increased blood flow in the intrahepatic arteries,
the tumor to liver contrast was increased significantly
at angiographic CT. As shown in this study, prolonged
enhancement of the tumor blood flow as compared with
the liver suggests the usefulness of intra-arterial infusion
of AT-Ⅱ.
This finding described above was not recognized in the
metastatic liver tumor from the cancer other than pancreas
(data not shown). This result, therefore, may be a specific
finding in metastatic liver tumor from pancreatic cancer.
Thus, CTA with/without administration of AT-Ⅱ is
useful for the preoperative evaluation of liver metastases
from pancreatic cancer.
In terms of adverse effects, there were some accompanying symptoms such as a sense of chest oppression
and headache when the blood pressure was elevated, but
they were not so severe and the administration of ATⅡ could be performed in nearly all the cases. But, careful
attention must be paid to control blood pressure values to
avoid excess elevation during the administration of AT-Ⅱ.
AT-Ⅱ administration may induce not only the high
detection rate of liver metastasis from pancreatic cancer,
but also the selective increase in tumor blood flow in drug
delivery such as chemotherapy.
In conclusion, AT-Ⅱ administration is useful for
the detection of liver metastasis from pancreatic cancer
during pharmacoangiographic computed tomography.
This pharmacoangiographic CT is a useful technique for
decisions in preoperative staging in pancreatic cancer.

REFERENCES
1
2
3
4

5

Gold EB, Cameron JL. Chronic pancreatitis and pancreatic
cancer. N Engl J Med 1993; 328: 1485-1486
Connolly MM, Dawson PJ, Michelassi F, Moossa AR,
Lowenstein F. Survival in 1001 patients with carcinoma of the
pancreas. Ann Surg 1987; 206: 366-373
Foster JH, Lundy J. Liver Metastases. Curr Probl Surg 1981; 18:
157-202
Lu DS, Vedantham S, Krasny RM, Kadell B, Berger WL, Reber
HA. Two-phase helical CT for pancreatic tumors: pancreatic
versus hepatic phase enhancement of tumor, pancreas, and
vascular structures. Radiology 1996; 199: 697-701
O'Malley ME, Boland GW, Wood BJ, Fernandez-del Castillo C,
Warshaw AL, Mueller PR. Adenocarcinoma of the head of the
pancreas: determination of surgical unresectability with thinsection pancreatic-phase helical CT. AJR Am J Roentgenol 1999;
173: 1513-1518

6

7

8
9

10
11

12

13

14
15

16
17

18
19
20

3083

Matsui O, Takashima T, Kadoya M, Ida M, Suzuki M,
Kitagawa K, Kamimura R, Inoue K, Konishi H, Itoh H.
Dynamic computed tomography during arterial portography:
the most sensitive examination for small hepatocellular
carcinomas. J Comput Assist Tomogr 1985; 9: 19-24
Nelson RC, Chezmar JL, Sugarbaker PH, Murray DR,
Bernardino ME. Preoperative localization of focal liver
lesions to specific liver segments: utility of CT during arterial
portography. Radiology 1990; 176: 89-94
Ekelund L, Lunderquist A. Pharmacoangiography with
angiotensin. Radiology 1974; 110: 533-540
Sato H, Sato K, Sato Y, Asamura M, Kanamaru R, Sugiyama
Z, Kitahara T, Mimata Y, Wakui A, Suzuki M, Hori K, Abe I,
Saito S, Sato H. Induced hypertension chemotherapy of cancer
patients by selective enhancement of drug delivery to tumor
tissue with angiotensin II. Sci Rep Res Inst Tohoku Univ (Med)
1981; 28: 32-44
Suzuki M, Hori K, Abe I, Saito S, Sato H. A new approach to
cancer chemotherapy: selective enhancement of tumor blood
flow with angiotensin II. J Natl Cancer Inst 1981; 67: 663-669
Sasaki Y, Imaoka S, Hasegawa Y, Nakano S, Ishikawa O,
Ohigashi H, Taniguchi K, Koyama H, Iwanaga T, Terasawa
T. Changes in distribution of hepatic blood flow induced
by intra-arterial infusion of angiotensin II in human hepatic
cancer. Cancer 1985; 55: 311-316
Cameron JL, Crist DW, Sitzmann JV, Hruban RH, Boitnott
JK, Seidler AJ, Coleman J. Factors influencing survival after
pancreaticoduodenectomy for pancreatic cancer. Am J Surg
1991; 161: 120-124; discussion 124-125
Baumel H, Huguier M, Manderscheid JC, Fabre JM, Houry
S, Fagot H. Results of resection for cancer of the exocrine
pancreas: a study from the French Association of Surgery. Br J
Surg 1994; 81: 102-107
Amikura K, Kobari M, Matsuno S. The time of occurrence of
liver metastasis in carcinoma of the pancreas. Int J Pancreatol
1995; 17: 139-146
Fong Y, Cohen AM, Fortner JG, Enker WE, Turnbull AD,
Coit DG, Marrero AM, Prasad M, Blumgart LH, Brennan MF.
Liver resection for colorectal metastases. J Clin Oncol 1997; 15:
938-946
Fortner JG. Regional pancreatectomy for cancer of the
pancreas, ampulla, and other related sites. Tumor staging and
results. Ann Surg 1984; 199: 418-425
Ashraf S, Loizidou M, Crowe R, Turmaine M, Taylor I,
Burnstock G. Blood vessels in liver metastases from both
sarcoma and carcinoma lack perivascular innervation and
smooth muscle cells. Clin Exp Metastasis 1997; 15: 484-498
Peterson HI, Mattson J. Vasoactive drugs and tumor blood
flow. Biorheology 1984; 21: 503-508
Mattson J, Appelgren L, Karlsson L, Peterson HI. Influence of
vasoactive drugs and ischaemia on intra-tumour blood flow
distribution. Eur J Cancer 1978; 14: 761-764
Trezona T, Butler JA, Vargas H. Angiotensin alteration of
drug uptake in an experimental model of hepatic metastases. J
Surg Res 1991; 51: 124-127
S- Editor Wang J

L- Editor Roberts SE E- Editor Liu Y

www.wjgnet.com

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

World J Gastroenterol 2007 June 14; 13(22): 3084-3089
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

RAPID COMMUNICATION

Comparison of three different recombinant hepatitis B
vaccines: GeneVac-B, Engerix B and Shanvac B in high risk
infants born to HBsAg positive mothers in India
Vijayakumar Velu, Subhadra Nandakumar, Saravanan Shanmugam, Suresh Sakharam Jadhav,
Prasad Suryakant Kulkarni, Sadras Panchatcharam Thyagarajan
Vijayakumar Velu, Subhadra Nandakumar, Saravanan
S h a n m u g a m , S a d ra s Pa n c h a t c h a ra m T hya g a ra j a n ,
Department of Medical Microbiology, Dr ALM PGIBMS,
University of Madras, Chennai 600113 and National referral
Centre for viral hepatitis, India
Vijayakumar Velu, Vaccine Research Centre, Department of
Microbiology and Immunology, Emory University, Atlanta,
Georgia 30329, United States
Saravanan Shanmugam, Sadras Panchatcharam Thyagarajan,
YRG Centre for AIDS Research and Education, VHS campus,
Taramani, Chennai 600113, India
Suresh Sakharam Jadhav, Prasad Suryakant Kulkarni, Serum
Institute of India Ltd, Pune, India
Correspondence to: Dr. Sadras Panchatcharam Thyagarajan,
YRG Center for AIDS Research and Education, Taramani,
Voluntary Health Services, Chennai 600113,
India. vvjai2000@yahoo.com
Telephone: +91-44-22542929 Fax: +91-44-22542939
Received: 2007-02-15
Accepted: 2007-03-26

babies who were born to HBsAg positive mothers. The
GMT values of anti-HBs were 226.7, 193.9 and 173.6
®
®
mIU/mL respectively in GeneVac-B , Engerix B and
®
Shanvac B groups one year after the completion of
the three doses of vaccine. No systemic reactions were
reported in infants during the entire vaccination process
®
of GeneVac-B and the other two vaccines. Clinical safety
parameters remained within the normal limits throughout
the study period.
CONCLUSION: The study concludes that there is no
significant difference between the three recombinant
hepatitis B vaccines. Administration of these vaccines
within 24 h of birth to babies, born to HBsAg positive
mothers will reduce the incidence of HBV infection.
© 2007 The WJG Press. All rights reserved.

Key words: GeneVac-B; Maternal screening; High risk
infants; Infant vaccination

Abstract
AIM: To evaluate a low cost Indian recombinant
®
hepatitis B vaccine GeneVac-B for its immunogenicity
®
®
and safety in comparison to Engerix B and Shanvac B
vaccine in high risk newborn infants born to hepatitis B
surface antigen (HBsAg) positive mothers.
METHODS: A total of 158 infants were enrolled in the
®
study. Fifty eight infants were enrolled in the GeneVac-B
®
group while 50 each were included for Engerix B and
®
Shanvac B groups. A three-dose regimen of vaccination;
at birth (within 24 h of birth), 1st mo and 6 mo. were
adopted with 10 µg dosage administered uniformly in all
the three groups. Clinical and immunological parameters
were assessed for safety and immunogenicity of the
vaccines, in all the enrolled infants.
RESULTS: Successful follow up until seven months
®
of age was achieved in 83% (48/58) for GeneVac-B ,
®
76% (38/50) and 64% (32/50) for Engerix B and
®
Shanvac B groups respectively. 100% seroconversion
and seroprotection was achieved in all the three groups
of infants. The geometric mean titers of anti-HBs one
month after the completion of three dose of vaccination
®
were 90.5, 80.9 and 72.5 mIU/mL in GeneVac-B ,
®
®
Engerix B and Shanvac B vaccine group respectively.
Furthermore the level of anti-HBs increases with age of
www.wjgnet.com
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INTRODUCTION
Hepatitis B is a global communicable disease with an
estimated 400 million chronically infected patients [1,2].
Mother to child transmission occurs often, either in-utero
or through exposure to blood or blood contaminated
fluids at or around the time of birth. Such perinatal
transmission is believed to account for 35% to 50% of
hepatitis B carriers[3]. The risk of perinatal transmission is
associated with the hepatitis B envelope antigen (HBeAg)
status of the mother. The chance of a child becoming
chronically infected with hepatitis B virus, when a mother
is positive for both hepatitis B surface antigen (HBsAg)
and envelope antigen is around 70%-90%[4,5]. However, if
a mother is positive for the surface antigen but negative for
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the envelop antigen, the risk of transmission is significantly
lower[6-9].
Screening for HBV among pregnant women is not
routine in India, as hepatitis B immunoglobulin (HBIG)
is not affordable and hence prevention of hepatitis B
carriage from perinatal transmission must rely on vaccine
alone. Universal neonatal vaccination is effective and
has been shown to favorably alter the clinical course
of hepatitis B in regions where disease is endemic [10].
Repeated injections over months are required to mount
an effective antibody response with vaccination. Hepatitis
B immunoglobulin has high levels of antibody to hepatitis
B surface antigen. The immunoglobulin is immediately
effective and seems protective for several months, after
which it wanes[11,12]. Prevention of HBV transmission from
HBsAg positive mothers to the children born to them is
effectively achieved by administrating hepatitis B vaccine
to their babies starting with the first dose at birth.
A recombinant hepatitis B vaccine, GeneVac-B ®, a
low cost hepatitis B vaccine [13] is manufactured by the
Serum Institute of India Ltd., Pune, India. This vaccine
is registered in India, and several hundred thousand doses
are in use in India and abroad. The immunogenicity and
safety of GeneVac-B® was proved in healthy adults [14],
adolescents[15-17] and infants[18,19]. The aim of the present
study was to asses and compare the immuogenicity, safety
and efficacy of GeneVac-B® (Group-1), with two different
commercially available vaccines, Engerix B® (Group-Ⅱ)
Smithkline Beecham biologicals, Belgium and an Indian
vaccine, Shanvac B® (Group-Ⅲ) Shantha Biotechniques
Ltd, Hyderabad, India, in infants who were born to
hepatitis B surface antigen (HBsAg) positive mothers, with
3 doses of vaccines at birth (within 24 h of birth), 1 mo
and 6 mo of age, without passive prophylaxis at birth.

MATERIALS AND METHODS
Ethical review
T he protocol of this study was approved by the
Institutional review committee of Dr. ALM Post graduate
Institute for basic Medical Sciences, University of Madras
and the study design was prepared and monitored by
National institute of Epidemiology, Indian Council of
Medical Research, Chennai. Mothers were informed about
the study and prognosis of the hepatitis B viral infection
and benefits of vaccination to their babies. The written
informed consent was obtained from all mothers prior to
their registration in the study.
Vaccines
GeneVac-B vaccine consists of the purified surface
antigen (Ag) of HBV obtained from the genetically
engineered Hansenula polymorpha yeast cells expressing the
surface antigen gene of the virus. It does not contain any
material of human or animal origin. Each pediatric dose
of 0.5 mL contains 10 μg of surface Antigen adsorbed
on ≤ 0.40 mg of aluminum hydroxide, with ≤ 0.025 mg
thimerosal added as a preservative. While Engerix-B used
Saccharomyces cerevisiae as a host system, Shanvac B utilized
Pichia pestoris as the expression system, the absorbent and
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the preservative being the same for all the three vaccines.
The vaccines were stored at 4℃. Use and storage of the
vaccine were under the supervision of responsible medical
and research staff participating in the study.
Design of the study among infants born to HBsAg positive
mothers
A total of 3000 healthy asymptomatic pregnant women
attending the following hospitals in and around Chennai
were studied: Institute of Obstetrics and Gynecology,
Egmore, Chennai-600008; Kasthuribai Gandhi Hosptial,
Triplicane, Chennai-600005; Department of Obstetrics
and Gynecolog y, Rajamuthial Medical College and
Hospital, Chidambaram. Among the 3000 pregnant
women 5.9% (178/3000) was positive for HBsAg. All the
enrolled mothers and their infants were subjected for the
screening of HBsAg, anti-HBs, anti-HB core antigen.
Mothers positive for HBsAg were also tested for the
HBeAg. Babies born to these HBsAg positive women
with acute febrile illness; any other infection; conditions
associated with immunosuppression due to disease or
therapy; seropositive for HBsAg; HBeAg and/or anti-HBs
antibody; and participation in another clinical trial were
excluded from the study. Thus, out of the 178 mothers
and baby pairs, only 158 were included in the study.
One hundred and fifty eight infants were randomly
recruited into 3 groups, 58 infants were administered
with the recombinant hepatitis B vaccine, GeneVac-B®
(groupⅠ) and 50 infants each with the commercially
available recombinant vaccines Engerix B ® (group Ⅱ)
and Shanvac B vaccine (group Ⅲ). All the infants were
administered with 10 μg of hepatitis B surface antigen
per 0.5 mL of dose. The vaccines were administered
intramuscularly on the lateral aspect of the thigh within
24 h of birth, at birth as first dose, second dose at one
month after birth and the third dose at 6 mo after birth. The
follow-up visits were scheduled according to the vaccine
administration and also at 3 mo intervals until the infants
were 12 mo old. Strict adherence to the follow-up schedule
was maintained; detailed information was collected using the
structured proforma at every follow up. All the mother- baby
pairs were asked to return within 3 d of the target date and
those who did not were visited at their homes by the field
visit official consisting of medical and research staff. The
infants were bled using a scalp vein bleeding needle from the
cubital vein at 0 mo (if they were more than 2 kg), 1, 2, 7, 9
and 12 mo. 3 mL of blood samples were collected from all
infants prior to vaccination. The serum was separated and
stored at -70℃ until tested.
Methodology
Detailed information was collected using the structured
proforma at the period of antenatal check-up, at the time
of delivery and on follow-up of mother and child. At
each well-child visit, blood samples were collected from
infants and information was obtained on illnesses, and
physical examination findings. All the mother and child
pairs were tested for HBsAg, anti-HBs, anti-HBC by using
commercially available (BIORAD) elisa kits respectively.
They were assayed for quantitative levels of anti-HBs
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using Monolisa anti-HBs (BIORAD) 3.0 commercial kits.
The anti-HBs standards were supplied by M/s. Sanofi
Pasteur were used to develop the calibrated linear graph
by the software installed in the ELISA Reader-Biotech
Model ELx 800. The titer of anti-HBs was expressed
as milli international units per milliliter (mIU/mL).
Seroconversion and seroprotection rates were defined
as anti HBs titer of < 10 mIU/mL and ≥ 10 mIU/mL
respectively. Seroconversion and seroprotection rates after
administration of the three vaccine doses were calculated.
The anti-HBs concentrations were log transformed, and
the antilog of the mean log values was calculated for
the geometric mean titers (GMTs). Potential differences
between the vaccines were statistically analyzed by Tukey’s
multiple comparison tests.
For reactogenicity assessment, subjects were physically
examined during all their visits for vaccination. Parents
were asked to report any adverse event assumed to be
causally associated with vaccination until the total followup period of 7 mo ended. In these special circumstances,
the child was examined thoroughly and the details were
recorded. Infant’s body temperature was recorded by
measuring the oral temperature using a standard mercury
thermometer. Fever was considered as mild when the
temperature ranges 37.0℃ to 38.0℃ and moderate when it
exceeds 39.0℃.

RESULTS
A total of 3000 pregnant women visiting the above
hospitals were screened for HBsAg. Among the 3000
pregnant women only 178 (5.9%) were positive for
HBsAg. Out of 178 HBsAg positive pregnant women,
158 mothers and infants pairs were enrolled in the study
after fulfilling the study criteria, while the remaining
HBsAg positive mothers were excluded from the study
due to the various personal reasons. In addition among
the 158 HBsAg positive mothers 28 (17.7%) were positive
for HBeAg. No infants were positive for HBsAg, antiHBs or anti HBC IgM during prevaccination visit and
all the babies received the respective vaccines. After the
three doses of vaccination, we could follow-up only 118
infants, while the remaining 40 (25.3%) infants were lost in
follow up due to various reasons. Of the 118 successfully
followed up infants, 48 babies were administered with
GeneVac-B®, 38 with Engerix B® and 32 with Shanvac B®
vaccines. It could be seen that the seroconversion and
seroprotection on completion of the vaccination schedule
of 0, 1 and 6 mo were 100% in all the three groups of
infants. After seven months, the GMT values of anti-HBs
titers were 90.3 mIU/mL with GeneVac-B®, 77.5 mIU/
mL with Engerix-B® and 61.9 mIU/mL with Shanvac-B®.
Notably the difference in anti-HBs level of GeneVac-B®
was not statistically significant (P > 0.05) when compared
with either Engerix B or Shanvac B groups. Thus the study
validates that all the three studied recombinant hepatitis
B vaccines had elicited protective levels of specific
immunogenicity in the vaccinated infants.
The adverse effects of the three vaccine groups in
our study population are given in Table 1. The most
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Table 1 Adverse effects reported by infant vaccinees in
GeneVac-B, Engerix B and Shanvac B groups n (%)
Symptoms
Mild fever
Moderate fever
Excessive crying
Irritability
Local swelling
Local erythema
Induration
Rash

GeneVac-B (48)

Engerix B (38) Shanvac B (32)

4 (8.3)
3 (6.2)
1 (2)
2 (4.1)
2 (4.1)
2 (4.1)
1 (2)
1 (2)

3 (7.8)
2 (5.2)
1 (2.6)
1 (2.6)
3 (6.8)
2 (5.2)
1 (2.6)
nil

3 (9.3)
2 (6.2)
1 (3.1)
1 (3.1)
2 (6.2)
2 (6.2)
1 (3.1)
1 (3.1)

Table 2 Immunogenicity data of GeneVac-B, Engerix B and
Shanvac B in babies born to HBsAg positive mothers
Parameters

1st dose

2nd dose 3rd dose After one year

No. of infants
Seroconversion
Seroprotection
GMT (mIu/mL)

Group-Ⅰ- GeneVac-B
58
48
57.10%
94.20%
22.80%
82.80%
11.6
35.4

48
100%
100%
93.5

35
100%
100%
226.7

No. of infants
Seroconversion
Seroprotection
GMT (mIu/mL)

Group-Ⅱ- Engerix B
50
43
57.10%
90.00%
19.00%
71.40%
8.4
24.4

38
100%
100%
80.9

21
100%
100%
197.9

No. of infants
Seroconversion
Seroprotection
GMT (mIu/mL)

Group-Ⅲ Shanvac B
50
45
50%
91.60%
16.60%
66.60%
8
18.6

32
100%
100%
72.55

12
100%
100%
173.6

common systemic reaction effects in the infants were mild
to moderate fever; excessive crying, rash, and irritability.
However all the effects reported were transient and
resolved without any further sequelae. None of the infants
were hospitalized due to vaccine-associated adverse effects.
Post vaccination safety profile was similar for the three test
groups under study.
Level of anti-HBs titer increases with age in vaccinated
babies born to HBsAg positive mothers
Totally, 118 infants were followed up after full course of
vaccination and among them only 68 were followed up to
12 mo. Among the 68 babies, 35 were administered with
GeneVac-B®, 21 with Engerix B® and 12 with Shanvac B®
vaccine. After the completion of 12 mo post vaccination
at 0, 1 and 6 mo schedule, 100% of seroconversion and
seroprotection were observed in all the three groups of
vaccinees. The GMT values of anti-HBs titers were 226.7
mIU/mL with GeneVac-B®, 197.9 mIU/mL with Engerix
B® and 173.6 mIU/mL with Shanvac B® vaccinees. No
differences were found in the anti-HBs levels (P > 0.05)
between Engerix B ® , Shanvac B ® and GeneVac-B ® .
Children who were followed up till 12 th mo had high
antibody response when compared to anti-HBs response
on 7th mo follow up (Table 2).
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Protective efficacy of the vaccines administered in infants
During the 9th mo follow up, tests for HBsAg, anti-HBs
and anti-HBc were performed in all the babies. Infants in
all the three groups had 100% of seroprotection (data not
shown). Although all the mothers were HBsAg carriers,
none of their children were HBsAg positive. However
7 infants, 3 from GeneVac-B® group and 2 each from
Engerix B® and Shanvac B® group were positive for antiHBc IgM. This test became negative in 4 of 7 who were
followed for 12 mo, thus 1 in each vaccine group were
positive for anti-HBc, however the percentages of infants
with Protective anti-HBs concentrations did not decrease
in any of the vaccine groups.

DISCUSSION
Hepatitis B vir us vaccines provide highly effective
protection against acute and chronic hepatitis B infection
and the chronic carrier’s status[20,21]. Immunization with
hepatitis B vaccine for infants, children, adolescents and
high-risk adults has been recommended by WHO and
other international organizations[22,23]. Previous studies have
shown that the risk of chronic HBV infection is higher in
a younger age group and thus it is inversely correlated with
age [24]. In South East Asia, chronic hepatitis B is often
caused by maternal-infant transmission during the perinatal
period[4] and this fact is reinstated in studies conducted
in Egypt[25], Saudi Arabia[26] and Sub-Saharan Africa[27]. In
endemic countries, effectiveness of universal vaccination
has already been proven to reduce hepatitis B carriage
leading to a decline of Hepatocellular Carcinoma in
children[28]. Evidence is mounting to support the universal
infant vaccination to control HBV-related diseases and is
the best means of controlling disease in countries with
intermediate or high levels of HBV endemicity.
In the present study, the prevalence of HBsAg among
the pregnant women enrolled in the study was 5.9% which
confirms that the HBV infection is endemic in Indian
population. Prevalence of HBeAg positive mothers in
our study was 17.7%, however the reported HBeAg
positive rates among HBsAg-positive pregnant women
in India varies between 8% and 47%; most studies show
positive rates towards the lower end of this range[29-31].
Without prophylaxis, a very large proportion of infants
born to HBV positive carrier mothers may become
carriers of HBV[30,31]. Infection in this high risk setting is
prevented most effectively by prenatal screening to identify
carrier mothers[32,33], with administration of hepatitis B
immunoglobulin at birth along with a course of vaccines
to achieve both immediate and long lasting immunity to
HBV. Many countries such as India lack the resources to
implement such programs and must depend on vaccine
alone to prevent the development of chronic HBV
carriage in these babies. It is important that regimen of
vaccination chosen for the use in a nationwide program
should be highly immunogenic and cost effective. Previous
studies about infants in several countries revealed that
there were wide variations in the immunogenicity between
different hepatitis B vaccines. Furthermore, the response
of new born infants to vaccine varies and hence, it is
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important to evaluate the efficacy and immunogenicity of
different vaccines that can widely be adopted for infants in
India.
In this study, we found no significant difference
in the immunogenicity between the three groups of
recombinant vaccines after the third dose of vaccination.
Most infants who received recombinant vaccines acquired
the antibody levels to hepatitis surface antigen above 10
mIU/mL. Comparison of the geometric mean titers of
anti-HBs levels achieved by the three vaccinees reveals
that GeneVac-B® has achieved slightly higher anti-HBs
titers compared to the other two vaccines. In addition
this finding is similar to the results obtained in HBV
vaccine along with DPT in babies born to HBsAg negative
mothers in India with GeneVac-B ® and Engerix B®[18].
Moreover in this study 97.5% of the vaccinated babies
born to HBsAg positive mothers who were immunized
with the three groups of vaccines at birth controlled the
infection up to one year which is not often seen in babies
born to HBsAg positive mothers. Our results indicate
that administration of hepatitis B vaccines with in 24 h
of birth prevents the occurrence of hepatitis B virus in
the newborn infants who were born to HBsAg positive
mothers. However, long-term follow up is needed to know
the preventive efficacy of these vaccines.
This is the first study in India to test the effectiveness
of the three different commercially available recombinant
hepatitis B vaccines in babies born to HBsAg positive
mothers without HBIG administration. Several studies
report that the plasma and recombinant hepatitis B
vaccines alone without HBIG can be quite effective in
preventing chronic HBV infection among high risk infants
of HBeAg-positive carrier mothers, with efficacy estimates
ranging from 65%-95%. Here in our study, though 17.7%
of the mothers were HBeAg positive, we have not seen
any case of infection in the infants during our follow up
period of 12 mo. This result clearly indicates that the
vaccines administered immediately (24 h) after the births in
babies born to HBsAg positive mothers are highly effective
in high risk infants even without the coadministration of
HBIG.
The safety and tolerability of hepatitis B vaccines under
study has been extensively studied by several investigators
including studies conducted in adults on GeneVac-B ®,
Engerix B ® and Shanvac B ® in our laboratory [14] . In
summary, mild adverse effects as mentioned below seem
to occur: (1) temperature greater than 37.7℃ in 1%-6%;
(2) erythema in 3%; (3) swelling in 3%; and (4) rash in
3%, the observations made in the present study show
slightly higher mild fever in 9.3%-7.8% of the infants
and moderate fever was reported in 2%-3%. However, in
the present study no other generalized symptoms were
observed. The study has clearly shown that, all the three
vaccines were well tolerated without significant difference
in vaccine associated adverse effects.
In an effort to further reduce the cost involved in HBV
vaccination which facilitate universal immunization against
hepatitis B in all countries, studies are being conducted
to find out whether a two dose schedule can replace
the existing recommendation of three dose hepatitis B
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vaccination regimens. These studies have also looked at
the logistics of vaccine delivery given at varying intervals
of time[34-36]. All these studies have shown that the two
dose regimen of recombinant hepatitis B vaccine is
highly immunogenic and induces effective immunological
memory like the three dose regimen. If a similar study
is also conducted in countries like India, the results may
facilitate the policy planners to adopt the programme
of universal hepatitis B immunization expediously with
significant reduction in vaccine cost and the vaccine
compliance rate also increase to the desired level. However,
out of three vaccines compared in the present study,
GeneVac-B® is less expensive hepatitis B vaccine available
in the Indian market[13,19] which can be widely considered
in India to prevent hepatitis B infection.
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The current recommendation for hepatitis B prophylaxis in babies born to HBsAg
positive mothers is to co-administer vaccine and hepatitis B immunoglobulin
(HBIG). Several studies have assessed the immunogenicity of vaccines along
with HBIG in babies of known HBsAg positive mothers. However, screening for
HBV among pregnant women is not a routine in India and HBIG is not affordable
to most of the people. Universal neonatal vaccination is effective and has been
shown to favorably alter the clinical course of HB in regions where the disease is
endemic. To better understand the response of the vaccine alone in babies born
to HBsAg positive mothers, we studied the immunogenicity and safety of three
different vaccines without the co-administration of HBIG in this population.
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along with the administration of HBIG in babies born to known HBsAg positive
mothers. On the other hand, there is not much data on the immunogenicity of
vaccine alone in this population. However, because of the two above-mentioned
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the immunogenicity of the recombinant vaccine alone in these babies.
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Tukey’s multiple comparison tests: It is one of the several tests that can be used to
determine which means amongst a set of means differ from the test.
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Abstract
AIM: To determine factors related to disease severity,
mortality and morbidity in acute pancreatitis.
METHODS: One hundred and ninety-nine consecutive
patients were admitted with the diagnosis of acute
pancreatitis (AP) in a 5-year period (1998-2002). In a
prospective design, demographic data, etiology, mean
hospital admission time, clinical, radiological, biochemical
findings, treatment modalities, mortality and morbidity
were recorded. Endocrine insufficiency was investigated
with oral glucose tolerance test. The relations between
these parameters, scoring systems (Ranson, Imrie and
APACHE Ⅱ) and patients’ outcome were determined
by using invariable tests and the receiver operating
characteristics curve.
RESULTS: One hundred patients were men and 99
were women; the mean age was 55 years. Biliary
pancreatitis was the most common form, followed by
idiopathic pancreatitis (53% and 26%, respectively).
Sixty-three patients had severe pancreatitis and 136
had mild disease. Respiratory rate > 20/min, pulse rate
> 90/min, increased C-reactive protein (CRP), lactate
dehydrogenase (LDH) and aspartate aminotransferase
(AST) levels, organ necrosis > 30% on computed
tomography (CT) and leukocytosis were associated
with severe disease. The rate of glucose intolerance,
morbidity and mortality were 24.1%, 24.8% and 13.6%,
respectively. CRP > 142 mg/L, BUN > 22 mg/dL, LDH
> 667 U/L, base excess > -5, CT severity index > 3
and APACHE score > 8 were related to morbidity and
mortality.
CONCLUSION: APACHE Ⅱ score, LDH, base excess
and CT severity index have prognostic value and CRP
is a reliable marker for predicting both mortality and
morbidity.
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INTRODUCTION
Although acute pancreatitis (AP) has been recognized
for more than a century, no definitive treatment has
been developed. The recent improvements in outcome
are brought about by the progress in intensive care and
supportive treatment. Although the incidence varies
between countries, it is on the rise[1-4].
I m p r o ve m e n t s i n d i a g n o s t i c t e c h n i q u e s a n d
standardization in diagnosis and treatment have provided
better understanding of the disease and many centers
reported successful results [4-8] . The etiolog y of AP
is heterogeneous and determined by local and social
factors. Gallstones are the leading causes in many centers.
Idiopathic cases comprise 10%-20% of the cases but this
ratio varies with respect to the diagnostic capabilities of
the center[3,4].
Although the majority of the patients are successfully
managed by medical treatment, complications develop
in 15%-20% of the cases and cause significant risk of
mortality. Reliable scoring systems, radiological evaluation
and laboratory markers are required for identifying highrisk patients at an early stage in order to take prophylactic
measures. Numerous scoring systems and laboratory
parameters have been used to predict the severity and
mortality: Ranson, Imrie (Glasgow), Goris and APACHE
Ⅱ scores, contrast-enhanced abdominal computed
tomography (CET), C-reactive protein[4,8,9]. The APACHE
Ⅱ score and the CRP level have been reported to be useful
markers. Although there is a general consensus on the
value of CRP, conflicting opinions have been expressed on
the APACHE Ⅱ score[10].
In this study from a tertiary referral center, we aimed
to present the characteristics of the AP cases and to
identify clinical, radiological and laboratory parameters as
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well as scoring systems that are associated with treatment
outcome.

MATERIALS AND METHODS
Patients
The data of the patients who were treated for AP at the
Ondokuz Mayıs University Medical School, Department
of General Surgery, between 1998 and 2002 (5-year
period) were recorded prospectively in prepared forms. AP
was diagnosed by history, physical examination, laboratory
and radiological findings (ultrasonography and contrastenhanced computed tomography (CECT) which was taken
in the first week after admission in some cases but not all).
Amylase and lipase levels higher than three times the upper
level of the normal range were considered significant. In
patients with findings of acute abdomen, the diagnosis
was made by laparotomy. The CECT findings were
graded according to the Balthazar-Ranson classification
and a CT-severity index was determined[6]. Patients with
gallstones on ultrasonography were accepted as cases of
biliary pancreatitis; patients consuming large amounts of
alcohol were considered as having alcoholic pancreatitis; in
patients with hyperlipidemia (triglyceride level more than
1000 mg/dL), this was accepted as the etiological factor.
Patients with undetermined etiology were considered to
be idiopathic cases. Patients with APACHE Ⅱ scores ≥ 8
were diagnosed as having severe AP. If the patients were
getting worse clinically and CECT findings demonstrated
infected necrosis they were accepted as severe. Treatment
algorithm was illustrated in Figure 1. Cholecystectomy
and/or ERCP were performed before discharge in patients
with biliary pancreatitis. Surgery was performed in patients
with clinical deterioration and those with infected necrosis,
which was diagnosed by fine needle aspiration under CT
guidance. Antibiotic prophylaxis was conducted in patients
with severe AP (carbapenems or a quinolone). The
antibiotics were changed according to culture results. Oral
glucose tolerance test (OGTT) was performed to evaluate
endocrine function at one year after the onset of AP in
patients with no history of diabetes mellitus.
Demographic data, etiolog y, time of admission
after onset of symptoms, disease severity, clinical and
laboratory findings including blood urea nitrogen (BUN),
creatinine, glucose, calcium, alkaline phosphatase (ALP),
bilirubin, aspartate amino transferase (AST), alanine
aminotransferase (ALT), lactate dehydrogenase (LDH),
albumin, base excess (BE), CRP, α -1 antitrypsin, and
treatment methods were recorded and their associations
with mortality and morbidity were investigated. Also, the
associations of clinical, laboratory and radiological findings
with disease severity were analyzed
Statistical analysis
Statistical evaluation was performed with SPSS 13.0 for
Windows. The associations of clinical, radiological and
laboratory findings with disease severity were investigated
by univariate analysis (chi-square, Mann-Whitney-U and
Fisher’s exact test). After identification of radiologic
findings, laboratory findings and disease scores (Ranson,
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Acute pancreatitis (AP)

Mild AP

Severe AP

Fluid-electrolyte treatment
Clinical
disorientation

Nutritional support (EN, TPN)
Antibiotic prophylaxis
Intensive care

Healing

Infected necrosis

Healing

Discharge

Surgery

Discharge

Figure 1 Treatment algorithm of the patients.

Table 1 Etiology and disease severity of the patients
Etiology			
		

Mild (n )

Disease severity
Severe (n )

Biliary		
71		
34
Idiopathic		
37		
14
Alcohol		
14		
Hyperlipidemia
4		
5
Miscellaneous
10		
10
Drug					
Infection					
Trauma					
Hypercalcemia				
Others					

Total (n , %)
105 (52.7)
51 (25.6)
14 (7)
9 (4.5)
20 (10)
7
5
5
2
1

There was no significant correlation between the etiology and disease
severity.

Imrie and APACHE Ⅱ) significantly associated with
mortality and morbidity, their diagnostic or predictive
values were determined by ROC (Receiver Operating
Characteristic) analysis.

RESULTS
Epidemiology
During the study period of 5 years, 199 patients with AP
were hospitalized; 99 were women and 100 were men; the
mean age was 55.1 ± 1.1 years (range: 16-92). Overall, 136
patients (68%) had mild AP and 63 (32%) had severe AP.
Mean interval between onset of symptoms and admission
was 48 ± 3 h (range: 1-300) and it had no association with
mortality or morbidity.
Biliary pancreatitis was the most common form,
followed by idiopathic pancreatitis (53% and 26%,
respectively) (Table 1). Seven patients were using thiazide
diuretics. The infectious agents were leptospirosis in 2
patients and various viruses in 3. Traumatic AP was due to
blunt trauma in 3 patients and coronary bypass operation
in 2. One patient had obstruction of the afferent loop
after Billroth Ⅱ gastrectomy. Biliary pancreatitis was more
frequent in women than in men (59.59% and 45.45%, P
< 0.002). With the introduction of endoscopic retrograde
cholangiopancreatography (ERCP), the frequency of
idiopathic pancreatitis decreased from 31.5% at the
beginning of the study to 20% at the end of the study.
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Table 2 Relations between clinical, radiological and laboratory
findings and disease severity

June 14, 2007

MAP		

RR > 20			
PR > 90			
Necrosis ratio in CT > 30%
CRP (mg/L)		
LDH (U/L)			
AST (U/L) × N		
Leukocytosis (× 103/mm3)

P

SAP

21.7%
36%
4. 1%
116 ± 8
570 ± 31
4.7 ± 1. 3
13 ± 0.4

48.1%
65%
27. 1%
171 ± 15
959 ± 104
4.75 ± 0. 7
16 ± 0.7

< 0.001
< 0.001
< 0.001
< 0.002
< 0.05
< 0.05
< 0.05

RR: Respiratory rate; PR: pulse rate; CRP: Serum C-reactive protein; LDH:
lactate dehydrogenase; AST: Aspartate aminotransferase; CT: Contrastenhanced abdominal computed tomography.

Table 3 Disease severity and CECT findings in 172 radiologically examined patients n (%)
			
CECT findings		
Normal (non-diagnostic)
Edema in pancreas		
Pancreatic necrosis < 30%
30% < Pancreatic necrosis > 50%
Pancreatic necrosis > 50%

Disease severity
MAP 		
20 (16.4)		
62 (50.8)		
33 (27)		
5 (4.1)		
2 (1.6)		

SAP
3 (6.3)
18 (37.5)
14 (27.1)
13 (27.1)b
0

b

P < 0.001 vs patients with mild AP. CECT: Contrast-enhanced abdominal
computerized tomography; MAP: Mild acute pancreatitis; SAP: Severe acute
pancreatitis.

Factors related to disease severity
Tachypnea (respiratory rate > 20 at the initial examination),
a heart rate > 90 and pancreatic necrosis more than 30%
were found to be associated with disease severity. CRP,
LDH, AST and leukocyte levels were significantly higher
in severe AP (Table 2). The bilirubin level was higher in
biliary pancreatitis in comparison with other forms (P <
0.05, Z-test). In 13 patients, although the amylase level was
3 times higher than the upper limit of the normal range,
the lipase level was normal. Disease severity and etiology
showed no statistically significant association with amylase,
pancreatic amylase and lipase levels.
Factors associated with morbidity
CT showed varying degrees of necrosis in 56.3% of
the patients with severe AP (Table 3). CT findings were
unremarkable (non-diagnostic) in 16% of the mild
pancreatitis cases and 6% of the severe cases. Extensive
necrosis more than 30% was significantly associated with
disease severity, early complication and mortality rates (P
< 0.001, P < 0.05 and P < 0.004, respectively, Table 2).
The early complication rate was significantly higher in the
severe AP group in comparison with mild AP (67% vs 8%,
P < 0.001). The overall early complication rate was 26%:
abscess in 11 patients, multiorgan dysfunction syndrome
(MODS) in 9, pseudocysts in 8, ARDS in 3 patients and
upper gastrointestinal bleeding in 2 (33 patients in total).
Fourteen of these patients died. Factors associated with
morbidity are shown in Table 4.
At the end of 1 year, OGTT was performed in 112
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Table 4 Factors related to morbidity and mortality
Factors		

Parameters		

Volume 13

Morbidity 			
Cut-off
level

APACHE-II
8.5
BE	 
-5
CT-INDEX
2
BUN (mg/dL) 22
CRP (mg/L) 142
LDH (U/L)
667

Positive
LR		
5
3.36
2.04
2.23
2.03
4.07

AUC Cut-off
level

0.72
0.69
0.67
0.70
0.72
0.82

8.5
-5
3
23
160
667

Mortality
Positive
LR
5
4.63
4.3
2.85
2.03
2.79

AUC
0.88
0.84
0.68
0.70
0.82
0.82

The AUC (Area Under Curve) value near to 1.00 means having high
prediction rate of the morbidity and mortality. Positive LR (likelihood ratio)
is also correlated with high prediction rate of the morbidity and mortality.
CRP: Serum C-reactive protein; LDH: Lactate dehydrogenase; BE: Base
excess.

patients. Twenty-seven of these patients (24%) had
impaired glucose tolerance. In 13 (12%) of these patients,
diabetes developed. The impaired glucose tolerance was
not associated with necrosis or disease severity.
Suspicion of necrosis led to fine needle aspiration and
culture in 20 patients; cultures grew bacteria in 13; E. coli
(n = 6) was the most common bacterium. Eighty-two per
cent of the cases (163 patients) were treated conservatively
and 18% (36 patients) underwent surg er y. Seven
underwent laparotomy for acute abdomen and AP was
diagnosed by operative findings. Necrosectomy + closed
lavage techniques were performed in 23 patients and “open
abdomen” and planned re-laparotomy in 6. Nutritional
support was not significantly associated with mortality or
morbidity.
Factors associated with mortality
Mortality was 37.5% in severe AP, 2.3% in mild AP and
13.6% (27 cases) overall. The mean base excess was -7.6
in patients who died and -1.9 in those who survived (P <
0.05). Among Ranson, Imrie and APACHE Ⅱ scores, the
APACHE Ⅱ score was the best predictor of mortality.
Mean APACHE Ⅱ score was 5.7 ± 0.3 in patients who
survived and 15 ± 1.7 in those who died (P < 0.05). CT
severity index, LDH, BUN, CRP and base excess were the
other parameters associated with mortality (Table 4).

DISCUSSION
Although the mortality due to AP has decreased markedly
in recent years, it is still a life-threatening disease. The
demographic characteristics of AP are similar in many
series; most patients are in the 50-60 year age group. In
most series published in the English literature, gallstones
are the leading cause, followed by alcohol. Although the
reported figures vary, the frequencies of metabolic and
infectious causes in the present series are higher than those
reported [4,8,11,12]. Idiopathic AP includes cases with unelucidated etiology. The frequency is lower in centers that
perform extensive investigations and usually biliary causes
are revealed. Accordingly, with the introduction of ERCP,
the frequency has decreased from 30% to 20% in our
center.
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The increased frequencies of tachypnea, tachycardia
and leukocytosis which are components of the systemic
inflammatory response syndrome (SIRS) are expected
findings. Also, AST level was significantly higher in severe
AP than in mild AP. AST, which is a component of various
scoring systems, is a marker of serious liver damage[6,10].
Higher levels of bilirubin in biliary AP in comparison with
other forms are not surprising. Although many studies
include ALT and ALP elevations with hyperbilirubinemia [2,6,13] , our results are not in accordance. It was
reported that, lipase was more specific and sensitive than
amylase[5,6]. Thirteen patients with AP in the present study
had higher than 3 times normal amylase level but normal
lipase levels. Our view is that lipase measurement does not
contribute to the diagnosis. Conversely, the diagnosis of
AP should be approached with caution in patients with
increased lipase but normal amylase[14].
Contrast-enhanced CT has been used for a long time
for diagnosis and prediction of severity of the disease[2,5,6].
In some series, the frequency of organ failure increases
with more extensive necrosis [15]. In the present study,
extensive necrosis more than 30% was associated with
increased severity and mortality. Mertele and Balthazar
reported similar results in their series[16,17]. The restricted
power in our study prohibited the detailed evaluation of
these findings. CT was non-diagnostic in 6% of the severe
AP patients and only 63% of the severe AP patients
had necrosis on CECT in our study. The majority of the
patients with necrosis had mild AP according to scoring
systems. This may be explained by the possibility that
radiological findings do not always reflect disease severity.
Because AP is a mediator disease, pancreas necrosis is not
mandatory for cytokine effects.
Disease severity was evaluated by APACHE Ⅱ scoring
system instead of other scoring systems like Ranson’s
and CT scan scoring in this study. The need of CECT
was decided by clinical behavior of patients and not all
patients underwent CECT. Atlanta criteria overlook the
amount and location of necrosis on CECT[7]. However,
Kemppainen et al [18] showed that, the outcome was
favorable for patients with necrosis restricted to the distal
part of the pancreas. CECT may yield negative findings
in 20%-30% of the mild AP patients. If the CT staging is
required, the CT severity index, as prepared by Balthazar
should be used[19]. The CT index that reflects the extent
of necrosis as well as peripancreatic or extrapancreatic
inflammation is valuable in predicting morbidity and
mortality in this study and the literature[2,5,6,16]. One of the
complications of AP, peripancreatic abscess, may develop
in the absence of pancreatic necrosis. CT not only shows
necrosis but also guides the fine-needle aspiration for
culture (FNAC). As in the present series, the diagnostic
value of FNAC varies between 60% and 90%[19,20].
Surgical treatment was performed in 18% (36) of
the cases. Necrosectomy and continuous closed lavage
were the techniques we preferred mostly. Although this
technique and planned relaparotomy do not appear to
differ significantly with respect to mortality and morbidity,
less invasive procedures are usually preferred[21-25]. The
best strategy is probably the one with which the center
feels most comfortable. Because there is a large difference
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between the numbers of patients who underwent each
treatment (necrosectomy + closed lavage versus planned
re-laparotomy), comparison was not made. Nine of the 29
patients (31%) who underwent surgery for AP died; this is
slightly higher than the 20%-25% rate in the literature[21-23].
Although favorable results with percutaneous drainage
have been reported with a limited number of patients, this
approach has not received general acceptance. The reason
for the failure is recurrent obstruction of the catheter by
the necrotic debris[26].
Glucose intolerance was detected in 24% of the AP
cases. In two series with a smaller number of patients, the
frequency was 25%-35%[27,28]. All patients in those series
were necrotizing pancreatitis, which may account for the
higher value in those series. Diabetes mellitus may be due
to inflammation and fibrosis that destroys parts of the
gland.
The overall mortality rate (13.6%) was slightly higher
than the previous series, and the mortality of severe AP
was higher than the literature [8,9,25]. Fourteen of the 33
patients who had early complications died. Deaths were
mostly due to MODS. We think that, the mortality rate was
also dependent on the suitability of the hospitals’ intensive
care unit (ICU) for these kinds of cases. Although our
center was a regional tertiary care center, the ICU bed
availability might not be possible at that time. This factor
might be the reason for our high mortality rate. The
deterioration parameters such as base excess and BUN
reflect that morbidity and mortality are due to distant
organ injury and tissue perfusion impairment, that is to say,
due to systemic damage. ROC analysis showed that these
are useful parameters for predicting mortality (Table 4).
The CT index, in conjunction with the APACHE Ⅱ
score and the CRP value are important determinants of
mortality and morbidity. CRP is a practical and inexpensive
parameter that has been proved in other studies also[29].
Of the Ranson, Imrie and APACHE Ⅱ scoring systems,
APACHE Ⅱ was the most reliable in the present study.
The role of systemic complications in mortality and
morbidity decreased the usefulness of pathology-specific
scoring systems such as Ranson and Imrie scores. One
potential weakness of the APACHE Ⅱ is that patients
older than 65 years have very high scores and there is a
possibility of a false-positive score in that age group[30].
In the present study, age had no association with disease
severity, morbidity or mortality. A multiorgan system score
has been developed to supersede the APACHE Ⅱ and
Ranson scores, but the number of cases in that report is
small[10].
In conclusion, AP is a condition with high morbidity
and mortality and may cause endocrine dysfunction in the
long run. Base excess, CRP, CT index and the APACHE Ⅱ
score are useful in prediction of the course.
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Abstract
AIM: To evaluate the results of the treatment of simple
liver cysts (solitary and multiple) and polycystic liver
disease (PLD) using percutaneous sclerotherapy and/or
surgical procedures in a single tertiary referral centre.
METHODS: Retrospective analysis of 54 patients
referred for evaluation and possible treatment of simple
liver cysts (solitary and multiple) and PLD, from January
1997 to July 2006.
RESULTS: Simple liver cysts were treated in 41 pts (76%)
with a mean size of 12.6 cm. The most common reason
for referral was abdominal pain or discomfort (85%).
Percutaneous sclerotherapy was performed as initial
treatment in 30 pts, showing cyst recurrence in 6 pts
(20%). Surgical treatment was initially performed in 11
pts with cyst recurrence in 3 pts (27%). PLD was treated
in 13 pts (24%) with a mean size of the dominant cyst
of 13 cm. Percutaneous sclerotherapy for PLD was
performed in 9 pts with recurrence in 7 pts (77.8%).
Surgical treatment for PLD was undertaken in 4 pts
(30.8%) with recurrence in all. Eventually, 2 pts with PLD
in the presence of polycystic kidney disease underwent
liver- and kidney transplantation because of deterioration
of liver and kidney function.
CONCLUSION: The majority of patients with simple liver
cysts and PLD are referred for progressive abdominal
pain. As initial treatment, percutaneous sclerotherapy
is appropriate. Surgical deroofing is indicated in case

of cyst recurrence after percutaneous sclerotherapy.
However, the results of percutaneous sclerotherapy and
surgical treatment for PLD are disappointing. Partial liver
resection is indicated when there is suspicion of a premalignant lesion.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Liver cysts comprise a heterogeneous group of lesions
classified as congenital or acquired [1]. Nowadays, most
cysts are detected as an incidental finding when imaging
of the liver is performed for abdominal complaints [2].
In most cases, liver cysts are of the simple type and are
asymptomatic without clinical significance. Nevertheless,
a minority attains large size and may cause progressive
abdominal pain and/or discomfor t. Although the
diagnosis is readily made by radiological imaging, the mode
of treatment is controversial. Nowadays, treatment usually
consists of percutaneous aspiration of the cyst followed
by instillation of a sclerosant (sclerotherapy)[3], or surgical
treatment, either laparoscopically[4] or during laparotomy,
in case of recurrence after radiological intervention. Only
few published studies have focused on the outcome of
treatment of simple liver cysts and PLD (including adult
polycystic liver disease and adult polycystic kidney disease)
after percutaneous or surgical interventions.
The aim of this study was to assess the outcome of
patients with simple liver cysts and polycystic liver disease
treated with percutaneous sclerotherapy or by surgical
intervention, and to propose a treatment algorithm for
these lesions.
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MATERIALS AND METHODS
Between January 1997 and July 2006, a total of 54 consecutive patients were referred for evaluation and treatment
of simple liver cysts (including solitary and multiple cysts)
or polycystic liver disease, to the Department of Radiology,
Gastroenterology and Hepatology and/or Surgery, Academic
Medical Center, Amsterdam, The Netherlands. The study
group consisted of 49 women (90.7%) and 5 males (9.3%)
with a mean age of 56.3 ± 13.6 years (range 21-81). Medical
records were reviewed for demographic features, presenting
symptoms or indications for further analysis, in addition
to size and location of treated cysts. The liver cysts were
classified into two groups: simple (solitary or multiple)
liver cysts or polycystic liver disease (PLD). The latter
included PLD in the presence of polycystic kidney disease
and autosomal dominant PLD). The following items were
recorded: mode of treatment consisting of ultrasoundguided percutaneous sclerotherapy or surgical treatment,
complications, duration of hospital stay and clinical
outcome. Simple liver cysts typically presented on ultrasound
(US) as anechoic, unilocular, sharply demarcated lesions
with imperceptible walls showing posterior acoustic
enhancement[5]. On CT, a simple liver cyst appeared as a
well-demarcated lesion with fluid density without enhancement after contrast administration. Polycystic liver disease
typically appears as multiple homogeneous lesions with fluid
density without wall or content enhancement after contrast
administration[6].
Techniques
Percutaneous sclerotherapy was performed under local
anesthesia. The cyst was aspirated by needle puncture
under US guidance and examined for bile content to
exclude communication with the biliary system. A pigtail
catheter was then inserted for complete drainage aspiration
and 95% ethanol or tetracycline was injected to destruct
the epithelial lining of the cyst wall. The volume of the
aspirated cyst fluid was recorded and only partially replaced
by ethanol or tetracycline. The injected solution was left
inside the cyst for approximately 2 h before drainage.
The patients were observed for 24 h after percutaneous
sclerotherapy.
Laparoscopic deroofing was performed under general
anesthesia with the patient in a supine position. After
insertion of the Veress needle just below the umbilicus, a
CO2 pneumoperitoneum was installed and three trocars
were inserted. The cyst was aspirated and deroofed with
excision of the walls near the liver tissue by an electrosurgical hook knife[7].
Statistical analysis was performed using SPSS® (SPSS
12.0.1, Chicago, Illinois, USA). Continuous variables were
expressed as mean ± SD and differences were analysed
using the Mann-Whitney U test. Categorical variables were
analysed using Pearson’s χ2 test or Fisher exact test (when
a table had a cell with an expected frequency of less than 5).
P < 0.05 was considered significant.

RESULTS
Simple liver cysts
Simple liver cysts were diagnosed in 76% (41/54) of
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Table 1 Characteristics of 54 patients with simple liver cysts
and PLD mean ± SD

n (male:female)
Age (yr)
(range)
Mean lesion size (cm)
(range)
Diagnostic imaging
(US:CT:ERCP:MRI)
Location of treated cyst
(right:left:bilateral)

Simple liver cyst
41 (4:37)
57.5 ± 14.9
(21-81)
12.6 ± 6.3
(3.5-25)

PLD
13 (1:12)
52.8 ± 7.8
(40-67)
13 ± 4.8
(8-21)

Total
54 (5:49)
56.3 ± 13.6
(21-81)
12.7 ± 5.6
(3.5-25)

41:23:2:2

13:11:1:0

54:34:3:2

14:09:18

07:02:04

21:11:22

PLD: polycystic Liver Disease; US: ultrasound; CT: computed tomography;
ERCP: endoscopic retrograde cholangiography; MRI: magnetic resonance
imaging.

Figure 1 Abdominal ultrasound of a solitary simple liver cyst showing a welldefined anechoic unilocular fluid-filled lesion with posterior acoustic enhancement.

patients. The mean age at initial diagnosis was 57.5 yrs.
The most common reason for referral was abdominal
complaints in 35 patients (85%), consisting of pain in the
right upper quadrant or epigastrium, discomfort or feeling
of abdominal distension. Three of these patients presented
with an acute onset of abdominal pain which could be
attributed to intracystic bleeding as the appearance on
US or CT was suggestive of a bleed within the cyst. Two
patients were analysed because of jaundice and cholestasis,
respectively, with abdominal imaging studies showing
internal septations and a nonhomogeneous appearance.
In 2 of the 41 patients (5%), suspicion of a malignant
lesion (because of prior surgery for colorectal cancer) was
the indication for further analysis. One patient presented
with fever due to infection of the cyst. One patient with
a prior medical history of a simple liver cyst on imaging
was referred for analysis on the suspicion of intracystic
bleeding in the absence of abdominal complaints.
Abdominal US was performed in all patients, additional
contrast enhanced CT in 23 (56%) and MRI in two patients
(Table 1). In case of an uncomplicated, simple liver cyst,
abdominal imaging showed the characteristic features
as described above (methods section) (Figures 1 and 2).
Patients with intracystic bleeding as complication mainly
showed a nonhomogeneous appearance of the lesion or
internal echogenic material, with septations within the cyst
(Figure 3). In most of these patients, the diagnosis of a
hepatobiliary cystadenoma was considered but rejected
because they all were known with simple liver cysts on

Erdogan D et al . Treatment of simple liver cysts and polycystic liver disease

3097

Figure 2 Abdominal computed tomography of a large
solitary simple liver cyst
showing a well-demarcated
lesion with fluid density and
without enhancement after
contrast administration.

Figure 3 Abdominal
ultrasound of a complicated
liver cyst showing a well
defined hypoechogenic
lesion with solid appearing
blood clot contents.

Table 2 Treatment and outcome during follow-up of 54 patients with simple liver cysts and PLD

Treatment1
Cyst recurrence
Additonal treatment after recurrence

Simple liver cyst
(n = 41)
Surgical Percutaneous sclerotherapy
11 (27)
30 (73)
3 (27)
6 (20)
2 (18)
1 (3)

Surgical
4 (31)
4 (100)
3 (75)

PLD
(n = 13)
Percutaneous sclerotherapy
9 (69)
7 (78)
4 (44)

Surgical
15 (28)
7 (47)
5 (33)

Total
(n = 54)
Percutaneous sclerotherapy
39 (72)
13 (33)
5 (13)

PLD: polycystic liver disease. 1Percentages of total are given in parentheses.

previous imaging studies. In two patients, endoscopic
retrograde cholangiography (ERC) was used to assess
possible communication with the intrahepatic biliary system.
The mean size of the cysts was 12.6 cm. The cysts requiring
treatment were located centrally in 18 patients (44%) with
extension into the left and right liver lobes. In 14 patients
(34%), the cyst was located in the right liver lobe. The mean
follow-up time, from initial presentation elsewhere or in our
center to initial treatment, was 31.5 mo (range 1-156 mo).
Percutaneous sclerotherapy was applied in 30 patients
(73%). Of these, 2 patients had undergone percutaneous
aspirations elsewhere to determine whether abdominal
symptoms could be attributed to the cyst. Although the
complaints had completely resolved after the intervention,
recurrence after approximately 6 weeks with concomitant
recurrence of abdominal pain occurred.
Four patients had unsuccessful, previous percutaneous
sclerotherapy elsewhere with the larger cysts showing
recurrence within 6 to 9 mo along with abdominal
complaints. In the present series, the mean aspirated volume
of the cyst was 2223 ± 1772 mL (range 50-5000). The
mean volume of the sclerosant used for cyst ablation was
179 ± 95.8 mL (range 25-350 mL). In all these patients,
an immediate decrease in size was demonstrated after
percutaneous sclerotherapy on ultrasound examination.
Complications were encountered in 2 patients (6.7%),
including an intracystic bleed which did not require further
treatment and one infection of the treated cyst which
required re-admittance for intravenous antibiotic treatment.
During follow-up, cyst recurrence was seen on US in 6 of
the 30 patients (20%) within 4 mo. Of these, only 1 patient
(1/30; 3.3%) showed concomitant recurrence of symptoms
and in this patient, percutaneous sclerotherapy was
eventually repeated twice. In the remaining 5 patients, relief
of abdominal symptoms was attained despite small cyst
recurrence, be it that the recurrent cysts were all significantly
smaller than before treatment. These patients were

discharged from further follow-up when no further increase
in size of the recurrent cyst was detected. The mean hospital
stay in patients after percutaneous sclerotherapy for a simple
liver cyst was 3.4 d (median 2; range 2-23). The mean time
of follow-up after treatment was 15 mo (2-35 mo).
Of all 41 patients, surgical treatment was performed in
11 patients (27%) with a mean duration of operation of
132.5 min (range 70-340). Of these patients, 4 patients had
had previous treatment for relief of abdominal complaints,
including prior percutaneous sclerotherapy in a hospital
elsewhere in 3 patients and laparoscopic deroofing in 1
patient. Cyst recurrence in these patients was seen within 5
mo after the initial procedure. Surgical procedures included
cyst wall deroofing and omentoplasty in 8 patients, of
which 5 had laparoscopic procedures and 3 had an open
approach. Two patients underwent laparotomy and
enucleation of the cyst and 1 patient underwent local
excision of a cyst near the common hepatic duct. Reasons
for an open procedure were a superior or posterior location
of the cyst in the liver or the fact that a malignancy could
not be ruled out. A postoperative complication occurred
in 1 patient (1/11; 9%) consisting of bile leakage requiring
percutaneous drainage of a bile collection.
Cyst recurrence after surgical treatment was seen
in three patients (3/11; 27%). Additional percutaneous
sclerotherapy was carried out in 2 of these patients because
of concomitant progressive abdominal complaints (2/11;
18.2%). Eventually, complete regression of these cysts was
achieved (Table 2). The mean hospital stay in patients after
surgical treatment for a simple liver cyst was 13.9 d (median 8;
range 4-35).
In patients with simple liver cysts (including solitary
and multiple cysts), no significant differences in recurrence
rate were observed after surgical treatment compared
to recurrence after percutaneous sclerotherapy [27.3%
(3/11) vs 20% (6/30), respectively; P = 0.680]. However,
additional treatment was required in 18.2% (2/11) of
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Figure 4 Abdominal computed
tomography of a patient with
PLD showing multiple cysts
throughout the liver.

patients with simple liver cysts after surgical treatment
compared to 3.3% (1/30) of simple liver cysts after
percutaneous sclerotherapy (P = 0.170).
Polycystic liver disease
Thirteen patients (13/54; 24%) were diagnosed with PLD
and all experienced progressive abdominal complaints.
Abdominal US was performed in all patients. Eleven
patients underwent abdominal CT (11/13; 85%) showing
multiple unilocular cysts throughout the liver (Figure 4).
In two patients, the imaging findings were suggestive of
an intracystic bleeding and the diagnosis was confirmed by
percutaneous drainage of dark brown, haemorrhagic fluid.
The mean size of the largest dominant cyst was 13 cm and
these larger cysts were located in the right liver lobe in 7
patients (54%) (Table 1).
In PLD, percutaneous sclerotherapy was carried out in 9
patients (69%). Only 3 patients had previous percutaneous
drainage of a dominant cyst. Nevertheless, these cysts
recurred within 4 mo. The maximum volume of intracystic
fluid drained in this series was 5200 ml. No complications
were seen after percutaneous sclerotherapy. Cyst recurrence
was seen in 7 patients (77.8%). Of these, 4 patients required
repeat percutaneous sclerotherapy because of progressive
abdominal pain.
Surgical treatment was undertaken in 4 patients (30.8%)
with PLD, and the mean duration of operation was 110
± 47 min (60-170 min). All these patients had previous
treatment in their medical history; three patients had
undergone several attempts at percutaneous sclerotherapy
and laparoscopic deroofing, and 1 patient had undergone
percutaneous aspiration only.
In these patients, cyst recurrence occurred within one year
after the various procedures. The surgical procedures included
laparoscopic deroofing in 2 patients and laparotomy with
deroofing in another 2 patients. Postoperative complications
were seen in 2 patients, consisting of intracystic bleeding
in one patient and bile leakage from a peripheral bile duct
requiring biliary stenting in the other patient. Cyst recurrence
after surgical treatment was seen in all patients after surgical
treatment for PLD (Table 2). Eventually, liver transplantation
was required in 2 patients because of deterioration of liver
and kidney function in one patient, and failed percutaneous
sclerotherapy in the other patient.

DISCUSSION
The series described in this study, represents a selected
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group of patients who underwent treatment because
of symptomatic large liver cysts. These patients mainly
presented with abdominal symptoms (88%) and showed a
mean cyst size of 13 cm. The large size of the cysts in this
population is due to referral bias, because patients with
abdominal complaints and large liver cysts are more likely
to be referred for further diagnosis and/or treatment.
Most of our patients (76%) were diagnosed with simple
liver cysts. The precise incidence is difficult to determine,
but is reported to be around 2% to 5%, according to
ultrasound studies[1,8]. A predominance in women is found
with a mean age between 50 and 60 years, which is in
accordance with our results[9].
Abdominal US or CT are the first choice of imaging
for abdominal pain and are highly accurate for simple
liver cysts[10]. Complications such as intracystic bleeding,
rupture to the peritoneal cavity or intracystic infection
may give rise to diagnostic problems because of their
unusual appearance. Intracystic bleeding was responsible
for abdominal complaints in five (15%) patients with
liver cysts in our series. In one patient with a preoperative
suspicion of a hepatobiliary cystadenoma, intraoperative
frozen section of the cyst wall showed features of a simple
cyst without ovarian stroma, and deroofing revealed
hemorrhagic intracystic fluid. In this particular case, a simple
cyst was misdiagnosed as cystadenoma [11]. The precise
etiology of bleeding in a simple cyst remains unclear, but
rupture of blood vessels inside the cyst wall due to rapid
enlargement is thought to be a likely mechanism[12]. In such
cases, abdominal multiphase contrast enhanced computed
tomography (CT) may be required to further characterize
the nature of the lesion. CT or MRI imaging is also useful
for exact localization and establishing the relationship of the
cyst with surrounding vascular structures, when surgery is
considered.
PLD is a rare clinical entity characterized by multiple
simple cysts throughout the liver with variable size.
Approximately 80% of PLD occurs in patients older
than 60 years[2,13], as was also found in our patients. This
entity may be associated with polycystic kidney disease
or autosomal dominant PLD. Therefore, the kidneys and
the pancreas should be assessed during imaging studies to
determine whether these organs are affected too. Patients
with PLD usually lack symptoms and are diagnosed during
physical examination or incidentally, when imaging studies
are performed for other reasons. Routine liver function
tests usually are normal but may show elevated cholestatid
parameters due to external compression of the bile ducts[14].
Although most patients with liver cysts are asymptomatic, a minority develops symptoms due to enlargement.
As mentioned above, treatment should be considered only
for progressive abdominal pain, or when complications
have occurred. Also in case of suspicion on a hepatobiliary
cystadenoma, surgical resection should be performed.
Complete evaluation including upper GI endoscopy must be
undertaken to exclude other causes of abdominal symptoms
before symptoms may be attributed to the cyst. When the
diagnosis has been established, several options ranging from
no intervention to surgical treatment can be considered.
Percutaneous sclerotherapy is first choice treatment because
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Cystic liver lesion on imaging (US/CT)

Solitary

Neoplastic cyst

Multiple

Solitary simple cyst

No symptoms

US kidney/pancreas

Symptoms

Percutaneous sclerotherapy

No treatment

Polycystic liver disease
(> 4)

Multiple simple cysts
(> 1 and < 4)

No symptoms

No symptoms

Recurrence

Laparoscopic/open fenestration
#
Liver transplantation

Recurrence

Partial liver resection

No treatment

# in case of PLD

Figure 5 Proposed algorythm in the management of patients with cystic liver lesions. US indicates ultrasound; CT: computed tomography; PLD: polycystic liver disease.

of its minimally invasive character and safety of the
technique.
Percutaneous drainage of the cyst only results in
temporary relief of abdominal pain and may be used as a
trial treatment, to determine whether abdominal symptoms
are attributable to the cyst [15]. For definitive treatment,
concomitant instillation of tetracycline or ethanol in the
cyst is applied to ablate the epithelial lining of the cyst
which reduces recurrence remarkably[3,16]. Nevertheless, in
our series, recurrence of the cyst after single percutaneous
sclerotherapy of simple liver cysts (including solitary and
multiple cysts) was seen in 20% of patients, as is consistent
with other reports[3]. This failure rate may be explained
by instilling an insufficient amount of sclerosant or by
insufficient exposure of the cyst lining to the sclerosant,
especially in large cysts. Of note is that percutaneous
sclerotherapy for PLD is unsuccessful in the short-term, as
was reflected by a recurrence of 77.8% within a few months
in this series. Percutaneous sclerotherapy in PLD is indicated
to assess whether symptoms are attributable to a dominant
cyst or to bridge the patient to liver transplantation (Figure 5).
The second choice of treatment after percutaneous
sclerotherapy has failed, comprises cyst wall deroofing[17].
This technique is indicated when a cyst recurs after
percutaneous sclerotherapy with concomitant increase of
abdominal complaints. The technique is based on removal
of part of the cyst wall, usually the part lying external to
the liver surface, allowing free drainage of intracystic fluid
into the peritoneal cavity. Alternatively, enucleation of the
cyst or a formal partial liver resection may be an option.
Obviously, enucleation is the more parenchyma sparing
method while a relatively avascular dissection plane exisits
between the cyst wall and the surrounding liver parenchyma.

In previous reports, laparoscopic approach of cysts
located in segments Ⅵ, Ⅶ and Ⅷ were considered a
contraindication for this non-invasive procedure [15,18].
However, according to a recent study, location of the
cyst should not be a contraindication anymore for a
laparoscopic procedure[4]. During the surgical procedure,
the cyst content should be aspirated to determine whether
communication with the intrahepatic biliary system is
present. This may prevent bile leakage from cut bile
ducts running from the parenchyma into the cyst wall. As
mentioned above, complicated liver cysts after intracystic
bleeding may show internal septations and/or wall nodules
on imaging studies, and therefore, resection is advised if a
neoplastic cyst cannot be ruled out.
In conclusion, the majority of patients with simple
liver cysts or PLD are referred for progressive abdominal
pain. As initial treatment, percutaneous sclerotherapy is
appropriate and may determine whether the symptoms are
attributable to the cyst. Surgical deroofing of the cyst wall,
either laparoscopically or during laparotomy, is indicated
when percutaneous treatment has failed. However,
the results of percutaneous sclerotherapy and surgical
treatment for PLD are disappointing. In case of suspicion
of a complicated cyst or malignant lesion, complete
excision of the cyst or partial liver resection is indicated.

REFERENCES
1
2

Caremani M, Vincenti A, Benci A, Sassoli S, Tacconi D.
Ecographic epidemiology of non-parasitic hepatic cysts. J Clin
Ultrasound 1993; 21: 115-118
Gaines PA, Sampson MA. The prevalence and characterization
of simple hepatic cysts by ultrasound examination. Br J Radiol
1989; 62: 335-357

www.wjgnet.com

3100
3
4

5
6
7
8
9

10
11

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

Simonetti G, Profili S, Sergiacomi GL, Meloni GB, Orlacchio
A. Percutaneous treatment of hepatic cysts by aspiration and
sclerotherapy. Cardiovasc Intervent Radiol 1993; 16: 81-84
Fabiani P, Iannelli A, Chevallier P, Benchimol D, Bourgeon
A, Gugenheim J. Long-term outcome after laparoscopic
fenestration of symptomatic simple cysts of the liver. Br J Surg
2005; 92: 596-597
Spiegel RM, King DL, Green WM. Ultrasonography of primary
cysts of the liver. AJR Am J Roentgenol 1978; 131: 235-238
Mortelé KJ, Ros PR. Cystic focal liver lesions in the adult:
differential CT and MR imaging features. Radiographics 2001;
21: 895-910
Hsu KL, Chou FF, Ko SF, Huang CC. Laparoscopic
fenestration of symptomatic liver cysts. Surg Laparosc Endosc
Percutan Tech 2005; 15: 66-69
Mathieu D, Vilgrain V, Mahfouz AE, Anglade MC, Vullierme
MP, Denys A. Benign liver tumors. Magn Reson Imaging Clin N
Am 1997; 5: 255-288
Sanchez H, Gagner M, Rossi RL, Jenkins RL, Lewis WD,
Munson JL, Braasch JW. Surgical management of nonparasitic
cystic liver disease. Am J Surg 1991; 161: 113-118; discussion
118-119
Liang P, Cao B, Wang Y, Yu X, Yu D, Dong B. Differential
diagnosis of hepatic cystic lesions with gray-scale and color
Doppler sonography. J Clin Ultrasound 2005; 33: 100-105
Erdogan D, Lamers WH, Offerhaus GJ, Busch OR, Gouma DJ,

12

13
14
15
16

17
18

June 14, 2007

Volume 13

van Gulik TM. Cystadenomas with ovarian stroma in liver
and pancreas: an evolving concept. Dig Surg 2006; 23: 186-191
Yamaguchi M, Kuzume M, Matsumoto T, Matsumiya A,
Nakano H, Kumada K. Spontaneous rupture of a nonparasitic
liver cyst complicated by intracystic hemorrhage. J
Gastroenterol 1999; 34: 645-648
Carrim ZI, Murchison JT. The prevalence of simple renal and
hepatic cysts detected by spiral computed tomography. Clin
Radiol 2003; 58: 626-629
Schwed DA, Edoga JK, Stein LB. Biliary obstruction due
to spontaneous hemorrhage into benign hepatic cyst. J Clin
Gastroenterol 1993; 16: 84-86
Morino M, De Giuli M, Festa V, Garrone C. Laparoscopic
management of symptomatic nonparasitic cysts of the liver.
Indications and results. Ann Surg 1994; 219: 157-164
Kairaluoma MI, Leinonen A, Ståhlberg M, Päivänsalo M,
Kiviniemi H, Siniluoto T. Percutaneous aspiration and alcohol
sclerotherapy for symptomatic hepatic cysts. An alternative to
surgical intervention. Ann Surg 1989; 210: 208-215
Jones WL, Mountain JC, Warren KW. Symptomatic nonparasitic cysts of the liver. Br J Surg 1974; 61: 118-123
Katkhouda N, Hurwitz M, Gugenheim J, Mavor E, Mason RJ,
Waldrep DJ, Rivera RT, Chandra M, Campos GM, Offerman S,
Trussler A, Fabiani P, Mouiel J. Laparoscopic management of
benign solid and cystic lesions of the liver. Ann Surg 1999; 229:
460-466
S- Editor Liu Y L- Editor Alpini GD

www.wjgnet.com

  Number 22

E- Editor Liu Y

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

World J Gastroenterol 2007 June 14(22): 3101-3105
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

RAPID COMMUNICATION

Anal plugs and retrograde colonic irrigation are helpful in
fecal incontinence or constipation
Marcel Cazemier, Richelle JF Felt-Bersma, Chris JJ Mulder
Marcel Cazemier, Richelle JF Felt-Bersma, Chris JJ Mulder,
Department of Gastroenterology and Hepatology, VU University
Medical Center, Postbus 7057, 1007 MB Amsterdam,
The Netherlands
Correspondence to: Marcel Cazemier, Department of Gastroenterology and Hepatology, VU University Medical Center,
Postbus 7057, 1007 MB Amsterdam,
The Netherlands. m.cazemier@vumc.nl
Telephone: +31-20-4440613 Fax: +31-20-4440554
Received: 2007-01-12
Accepted: 2007-01-31

Abstract
AIM: To evaluate the feasibility, clinical effect and
predicting factors for favorable outcome of treatment
with anal plugs in fecal incontinence and retrograde
colonic irrigation (RCI) in patients with fecal incontinence
or constipation.
METHODS: Patients who received treatment with
an anal plug or RCI between 1980 and 2005 were
investigated with a questionnaire.
RESULTS: Of the 201 patients (93 adults, 108 children),
101 (50%) responded. Adults: anal plugs (8), five
stopped immediately, one stopped after 20 mo and two
used it for 12-15 mo. RCI (40, 28 fecal incontinence, 12
constipation), 63% are still using it (mean 8.5 years),
88% was satisfied. Younger adults (< 40 years) were
more satisfied with RCI (94 % vs 65%, P = 0.05).
Children: anal plugs (7), 5 used it on demand for an
average of 2.5 years with satisfactory results, one
stopped immediately and one after 5 years. RCI (26 fecal
incontinence, 22 constipation), 90% are still using it
(mean time 6.8 years) and felt satisfied. Children tend to
be more satisfied (P = 0.001). Besides age, no predictive
factors for success were found. There was no difference
in the outcome between patients with fecal incontinence
or constipation.
CONCLUSION: RCI is more often applied than anal
plugs and is helpful in patients with fecal incontinence or
constipation, especially for younger patients. Anal plugs
can be used incidentally for fecal incontinence, especially
in children.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Fecal incontinence is a devastating complaint from patients
and affects their quality of life. The prevalence of fecal
incontinence is estimated to be around 5% in the general
population, being higher in women than in men and up to
40% in nursing homes[1,2].
The first step in treatment of all for ms of fecal
incontinence is to regulate defecation with a fiber
enriched diet, fiber supplementation and physiotherapy
or biofeedback of the pelvic floor. When this fails, a
sphincter repair is performed in patients with sphincter
defect. Surgical treatments such as gracilis plasty, sacral
neuromodulation (SNS), artificial sphincter or eventually a
stoma are other options[3]. However, these techniques are
not always successful, carry a substantial morbidity and are
not generally available. Especially in non-Western countries,
surgical options are very scarce. Another possibility is
the use of an anal plug. This is a device consisting of
compressed foam in cone shape used to close off the
anus. Some patients reach continence but pelvic floor
function is needed to support the plug. A recent Cochrane
review showed some effects of a short-term usage, but
little is known about long-term possibilities[4]. Although no
research has been done in non-Western countries, they are
used frequently and available even on market.
An alternative is retrograde colonic irrigation (RCI).
RCI in the morning can diminish the chance of unwanted
fecal loss during the day. The patient installs a rectal tube
connected with a bag with 0.5-1 liter warm tap water
and let this pour in, while sitting on a toilet. This “superenema” will reach higher than the rectum and cleans the
left hemicolon. A recent study about RCI reports a success
rate of 41%[5].
Chronic idiopathic constipation is a common complaint
in adults with a frequency of around 2%-7% in the general
population, increasing up to 20% in nursery homes[6,7].
In children, a frequency of 17% has been reported [8].
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Figure 1 Wrapped
anal plug.

Management of chronic constipation includes increasing
fluid and dietary fiber intake, laxatives and increasing
physical activity. Physiotherapy or biofeedback is the
next step in both patients with or without slow transit or
anismus[9,10].
In patients with constipation, RCI is also used to clean
the bowel. One study reported an effective rate of 65%[5].
Although there are indications in the literature and
clinical experience about the improvement of defecation
disorders with RCI and the anal plugs, little is known about
the long-term outcome.
The aim of the present study is to evaluate the feasibility,
effectiveness and predicting factors for a favorable longterm outcome with the use of an anal plug or RCI for fecal
incontinence and constipation.

Figure 2 Unwrapped
anal plug.

MATERIALS AND METHODS
Patients
The database of the enterostomal therapists were searched
for patients with fecal incontinence or constipation
who received treatment with an anal plug or retrograde
colonic irrigation (RCI) between 1980 and 2005. Fecal
incontinence was defined according to the Vaizey criteria[11]
and all patients scored higher than 12. Constipation was
defined according to the Rome Ⅱ criteria[12]. None of the
patients responded to medical treatment or biofeedback.
Firstly, the general practitioner was approached for
permission to contact the patients. The patients or their
parents (in children, age < 18 years) were asked to answer
questions in a questionnaire about their defecation
problems (incontinence or constipation), urologic problems,
medication, surgical procedures, the actual treatment used,
frequency of use of anal plugs or RCI, the effect of the
treatment for their complaints and quality of life (scale 1-5:
1 excellent and 5 very poor, and 1-3 satisfactory), and side
effects of the treatment or procedure.
The study was approved by the Medical Ethical
Committee of the VU University Medical Center.
Anal plugs
The Conveen ® anal plug (Figures 1 and 2) was used
(Coloplast, Amersfoort, The Netherlands). This is a
disposable ( for single use) polyethylene plug. It consists of
compressed foam in a conus shape, with a removal cord at
one side. It is introduced in the anus with the cord hanging
out. After introduction, the plug will extend within 30 s
to its maximum size, thus closing off the anus. Proper
instruction about introduction and removal (after 12 h or
before defecation) of the plug was given. Costs of one
plug are approximately €4.
RCI
For RCI, most patients used the Iryflex® (Braun Medical
BV, Oss, The Netherlands) and occasionally the hand
RCI from Braun or Coloplast (Figure 3). Patients were
instructed about the proper use of the system. The Iryflex®
pump with a reservoir was filled with hand warm tap
water, the connecting tubes were prefilled with water to
avoid air insufflation, and the cone was inserted. Then the
pump was activated at a preset speed.
www.wjgnet.com

Figure 3 Rectal cleasing system.

The hand system device consisted of an irrigation
bag, a tube and a cone tip. The irrigation bag was hung
at shoulder height and filled with 500-1000 mL of hand
warm tap water. The tube was prefilled with water to avoid
air insufflation. Then the lubricated cone was inserted and
irrigation started. The speed is manually regulated by a
clamp. The procedure was performed before or two hours
after breakfast preferably. The patient was instructed to
wait for the urge to defecate before removing the cone.
Next evacuation of the fluid and feces could take place.
The Iryflex® pump and the tubes were replaced every six
mo. The hand systems should also be replaced every 6 mo.
All patients had one visit for instruction and a second
one when necessary. In addition, there was an open access
for telephone consultation. Written instruction was also
provided.
Statistical analysis
Results were described as medians and range. Differences
among groups were assessed with a Chi-square test or
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Table 1 Patients treated with anal plugs or RCI and response
to questionaire n (%)

Adults
Children (< 18 yr)
Total

Anal plugs
n
Response
14
8 (57)
16
7 (44)
30
15 (50)

RCI
Response
79 40 (51)
92 48 (52)
171 88 (51)

n

Total
Response
93 46 (49)
108 55 (51)
201 101 (50)

n

RCI: retrograde colonic irrigation.

Fischer’s exact test when appropriate. P < 0.05 (two-tailed)
was considered statistically significant.

RESULTS
From a total of 201 patients, 101 (50%) questionaires
were obtained (Table 1). Sixteen cases refused the general
practioners and 84 patients did not respond. The database
showed no differences between responders and nonresponders in underlying disorders, age or sex.
Adults
Anal plugs: Of the 14 patients with fecal incontinence
who were prescribed an anal plug, 8 patients including
6 women (median age 57 years, range 37-77) returned
the questionnaire. The causes of fecal incontinence
were multiple sclerosis (5), dystrophia myotonica (1),
haemangioblastoma (1) and idiopathic (1). Five patients
had urological problems. Four patients complained of an
impact on their social life. Of the 8 patients, 5 patients
stopped using the plug immediately, one patient stopped
after 20 mo and two patients used the anal plugs for 12-15
mo and are still using it satisfactorily. Patients used the plug
generally on demand. Major side effects of the anal plugs
were displacement of the plug and leakage during diarrhea.
Retrograde colonic irrigation: Of the 79 patients
including 32 women, 40 (median age 42 years, range
19-90) returned the questionnaire. There were 28 patients
with fecal incontinence and 12 patients with constipation.
Their demographics are shown in Table 2. No significant
difference was found between patients with fecal incontinence or constipation.
Twenty-five patients (63%) are still using the irrigation
(Table 2). The mean time of using RCI was 8.5 (range
2.5-18) years. Of the 25 patients, 8 (32%) irrigated daily,
9 (36%) 3 times a week and 8 (32%) twice or less a week.
Overall, 29 patients (73%) were satisfied with the therapy.
From the 25 actual users, 22 (88%) were satisfied about
the therapy. There was a tendency of more actual use and
satisfaction among patients with fecal incontinence, but
this was not statistically significant (Table 2). Younger
adults (< 40 years) were more satisfied with RCI, 94% vs
65% (P = 0.05).
Major side effects were abdominal cramps (37.5%)
and the cumbersome procedure (30%) which is time
consuming and difficult to take outside home. The patients
who discontinued were less satisfied about the therapy (43%
vs 88%, P < 0.003) and (85% > 40 vs 32% > 40, P < 0.005).
Of the 25 patients who used RCI, 17 (68%) were < 40
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Table 2 Demographics and actual use of retrograde colonic
irrigation in adult patients n (%)

Total
Age (yr)
Female /male
Urological problems
Gynaecological problems
Neurological disease
- Spinal bifida
- Multiple sclerosis
- Spinal injury
Anal atresia
Impact complaints social life
Actual using RCI
Therapy satisfaction all patients
Therapy satisfaction
among actual users

Fecal incontinence Constipation P
28
12
42
46
23/5
9/3
15 (54)
6 (50)
3 (11)
3 (25)
11 (39)
3 (25)
4
2
2
1
3
0
2
0
16 (64)
8 (67)
20 (71)
5 (42)
0.09
23 (82)
6 (50)
0.056
19 (95)
3 (60)
0.7

No significant differences between patients with fecal incontinence and
constipation were found.

years of age. Gender did not influence the discontinuation
of the therapy. The major reason for discontinuation was
the side effects.
Children
Anal plugs: Of the16 patients with fecal incontinence
using an anal plug, 7 patients including 3 females (median
age 10 years, range 7-16) returned the questionnaire. The
causes of fecal incontinence of the respondents were
spina bifida (6) and anal atresia (1). All underwent surgical
procedure(s) and 6 had urological problems. Five patients
reported an impact on their social life.
Five patients felt satisfied, and used the plug generally
only on demand once a week before swimming or social
events. Two patients stopped using the plug immediately
and after five years. The others used the tampon for an
average of 2.5 years. A major side effect was displacement
of the plug.
Retrograde colonic irrigation: Of the 92 patients, 48
and/or their parents including 22 females (median age
12 years, range 4-19) returned the questionnaire. There
were 26 patients with fecal incontinence and 22 with
constipation. Their diagnoses were spina bifida (29),
anorectal malformation (7), Hirschsprungs disease (4),
idiopathic constipation (5) and miscellaneous disorders (3).
No difference between patients with fecal incontinence or
constipation was found in demographics (Table 3).
Among all patients, 44 (90%) underwent surgical
procedures and 39 (81%) had urological problems. Twentynine (60%) of the patients complained that the use of the
rectal cleansing device had an impact on their social life.
Forty-three (90%) continued the RCI on a regular basis
and were satisfied about the therapy. The mean time of
using RCI was 6.8 years. A few patients complained that
the device was difficult to take outside home, that the
insertion piece was too big and sometimes an adjustable
toilet seat was needed. No difference was found in the
therapeutic outcome in patients with fecal incontinence
and constipation.
www.wjgnet.com
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Table 3 Demographics and use of retrograde colonic irrigation
in children n (%)

Total
Age (yr)
Female /male
Urological problems
Any surgery
Neurological disease
- Spina bifida
- Hirsschprungs disease
- Anorectal malformation
- Idiopathic constipation
- Miscellaneous disorders
Impact complaints social life
Actual using RCI
Therapy satisfaction all patients
Therapy satisfaction among actual users

Fecal incontinence
26
11
14/12
22 (85)
25 (96)
11 (96)
19
1
4
0
2
15 (58)
23 (88)
24 (92)
23 (100)

Constipation
22
13
12/10
17 (77)
19 (86)
3 (25)
10
3
3
5
1
14 (64)
20 (91)
21 (88)
20 (100)

No significant differences between patients with fecal incontinence and
constipation were found.

When compared with adults, children tend to be more
satisfied (P = 0.001). No other factors were found that
predicted a successful treatment.

DISCUSSION
This study shows the long-term benefit of anal plugs
in selected patients with fecal incontinence and RCI for
patients with fecal incontinence or constipation, both in
children and adults. The small number of patients lies
in a major limitation. The response of 50% is due to the
fact that some general practitioners were not permitted to
approach the patients and the time span was 25 years. In
spite of this, some conclusions can be made.
Our study found that anal plugs are not often
prescribed. Five of the 8 (62%) adults and 2 of the 7
(14%) children stopped their use immediately due to
local irritation and displacement. The seven patients who
continued generally used it once a week during social
events, the children mainly during swimming. The term of
use however, is not very long, the longest being 5 years.
Children seem to more appreciate the plug, possibly due to
their swimming lessons.
Little information is found in the literature about the
use of anal plugs[4,13-18]. A Cochrane review from 2005[4]
looking at randomized and quasi-randomized controlled
trials only found four studies, from which only two were
published [13,14]. In all published anal plug studies, the
evaluation was only made during the study and lasted not
more than 2-3 wk. Early dropout varied between 20%-65%
and was less in children[13]. Continence was achieved in
about 80%-90% in those who continued the therapy.
The maximum time of having the plug in place was
12 h[15,18]. Size of the plug did not seem to matter much[13].
Only patients with anal atresia sometimes needed smaller
plugs [14]. A study in children comparing two different
types of plugs showed that plug loss was less and overall
satisfaction was greater with poly-urethane plugs than
poly-vinyl alcohol plugs[14].
www.wjgnet.com
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Major side effects in all the studies are local irritation,
leakage and plug loss. These local side effects prevent its
daily use. No predicting factors for a successful outcome
were reported in any of the studies. Our study is the first
evaluating the long- term use of anal plugs and shows
that in selected patients intermittent use up to 5 years is
possible and especially in children is worthwhile trying.
RC I wa s a p p l i e d i n mu ch m o r e p a t i e n t s, a n d
continuation and satisfaction were much higher, both
in adults (65% and 88%) and children (90% and 100%).
The average time of use was 8.5 years, ranging from
2.5 years to 18 years in adults. This indicates that RCI
should be considered in patients with fecal incontinence
or evacuation disorders, even when taking the response
rate of the questionnaire into account. Children coped
especially well with the procedure and were more pleased
with the results. Besides younger age, no predictive
factors were found for a successful treatment. In adults
RCI was tend to be more successful in patients with fecal
incontinence than in patients with constipation. The time
consuming procedure and irrigation related problems
are the major side effects and are often the reason for
discontinuation.
A Dutch group[5] evaluated 169 (60%) of 267 patients
who were offered RCI. The overall continuation was 45%.
The dropout was higher in patients with fecal incontinence
or soiling. Patients with evacuation disorders continued
all, although not all were satisfied. The time consuming
caused the discontinuation of the procedure. The median
frequency of RCI was once daily. The average observation
period was 4.5 years with a maximum of 13 years.
Two other groups[19-23] reported their results with RCI.
A Japanese group[19] introduced RCI first successfully in
10 patients with evacuation after a lower anterior resection
with defecation problems. A Danish group reported
in 25 adults and 10 children, a 42% improvement in
patients with fecal incontinence and 8% in patients with
constipation[20]. In 21 neurological patients of the same
group, these figures were 73% for fecal incontinence and
40% with constipation, respectively[21]. The lower efficacy
of RCI in constipated patients was thought to be due to an
overstretched, less sensitive bowel wall[22].
Irrigation requires a lot of self-motivation and consumes valuable time. Good instruction and feedback are
mandatory. The exact mechanism behind RCI is not known.
The effect of water is obviously partly due to a wash-out
effect. In addition, a large amount of water generates mass
movements[24].
Another cleansing treatment is antegrade colonic
irrigation through an appendicostoma, a tapered ileum or
a continent colonic conduit as an alternative for patients
with defecation disorders[25-27]. Although results have been
reported to be better, RCI requires no surgical intervention
and has minimal side effects.
Although the response rate of 50% was not very high
and responses in children represent in younger children also
the impression from the parents, it shows that some patients
do benefit from the therapy and it is worthwhile trying.
Unlike surgical procedures, both anal plugs and RCI cause
no harm. However, motivation does play an important role.
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Side effects and the cumbersome procedure with RCI are
the main drawbacks with these therapies. In many European
countries, these therapies have found their way and are
accepted. Prospective studies including evaluation of
anorectal function[28] might help predict favorable outcome
and to focus on subgroups for these therapies.
In conclusion, although the response in our study was
limited, these data do give an insight in the long-term use
of anal plugs and RCI in patients with fecal incontinence
and chronic constipation both in adults and children. This
is the longest observation period ever reported.
Anal plugs are not often prescribed and few patients
will continue their use. Generally they are used on demand
during social events. Children seem to be more pleased
with the therapy. The longest period of use reported was 5
years. Local side effects limited its use.
RCI is more often applied, continued longer and can be
helpful in many, especially younger patients. Continuation
varies between 63%-90% with a satisfaction of around
90%. The longest reported use was 18 years. The abdominal
cramps and cumbersome procedure are a major drawback.
Patients should at least be offered a try-out with these
two therapies to improve their complaints and quality of life.
These treatments can be helpful, especially in non-Western
countries where unfortunately less (surgical) options are
available.
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Abstract
AIM: To analyze the indications, efficacy and safety of
sphincteroplasty in our centre.
METHODS: A retrospective study of sphincteroplasty
in 53 cases of papilla at high risk was performed in
2004-2006. The procedure consisted of duodenoscopy
with Olympus TJF 145 Videoduodenoscope, approach to
the biliary tract using a catheter with a guidewire, and
dilatation of the papilla with a dilatation balloon catheter
using a syringe with a manometer for control of the
filling pressure.
RESULTS: The indications included intradiverticular
papilla in 26 patients (49%), stenosis of a previous
sphincterotomy in 19 patients (35.8%), small size of the
papilla in 4 patients (7.5%), Billroth Ⅱ gastrectomy in 3
patients (5.6%), and coagulopathy in one patient (1.9%).
The efficacy was 97.8%, with all the calculi extracted
from the common bile duct in 84.4% of the patients,
even though 21 of the patients (39.6%) had calculi
with a diameter equal to or greater than 10 mm. Seven
patients (13.2%) presented complications: haemorrhage
in 1 patient (1.9%) and mild pancreatitis in 6 patients
(11.3%). The mean hospital stay in case of complications
was of 3 ± 0.63 d.
CONCLUSION: Sphincteroplasty is highly effective, with
a complication rate similar to that of sphincterotomy,
furthermore, the complications are of low clinical
importance. The use of the 10 mm balloon makes it
possible to extract calculi with a diameter of over 15 mm
and to extract more than 3 calculi without increasing the
rate of complications and reduces the need to resort to
www.wjgnet.com

INTRODUCTION
The prevalence of cholelithiasis is 10%-15% in adult
population. Calculi are detectable in the biliary tract in
17% of patients with symptomatic cholelithiasis[1]. The
introduction of laparoscopic cholecystectomy has led to
an increase in the demand for endoscopic treatment of
choledocholithiasis.
Currently, the standard treatment for calculi located
in the biliary tree is endoscopic retrograde cholangiopancreatography (ERCP) with sphincterotomy. This
procedure is not exempt from risks and the incidence
of complications is of 6%-10%, with a mortality of
1% [2]. The early complications occurring after ERCP
include acute pancreatitis, haemorrhage and perforation.
Sphincterotomy also causes a permanent loss of function
of the sphincter of Oddi, thus exposing the biliary tree
to reflux of the duodenal contents. This leads to bacterial
colonisation and chronic inflammation of the biliary
tree, which, hypothetically, could increase the incidence
of primary choledocholithiasis and tumours of biliary
origin. Although this is not a significant problem in
elderly patients, it is the cause for concern in younger
individuals. For this reason, Staritz, in 1983, proposed the
hydrostatic dilation of the papilla as an alternative that
would enable the removal of calculi without the risks of
sphincterotomy[3].
At that time, it was hypothesised that the dilation
of the papilla could become the treatment of choice
in younger individuals as it transitorily increases the
diameter of the papillary orifice, allowing the extraction
of calculi while preserving the architecture and function
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of the sphincter. However, Disario[4] showed that a high
frequency of complications could lead to hydrostatic
dilation of papilla falling into disuse as the treatment of
choice in choledocholithiasis. Currently, it is considered as
an alternative to sphincterotomy in certain cases at a high
potential risk, principally of haemorrhage or perforation.
The objective of the present study was to analyse the
indications, efficacy and safety of hydrostatic dilation of
the papilla and to compare them with the same variables
for conventional sphincterotomy in our centre.

MATERIALS AND METHODS
A retrospective study of 461 consecutive ERCPs was
performed in our centre between February 2004 and
March 2006. Sphincterotomy was performed in 231
(50%) and hydrostatic dilation of the papilla in 53 patients
(11.5%). This study was to focus on these latter cases.
In all cases, ERCP and dilation of the papilla procedure
consisted of signing of the informed consent form
for anaesthesia and ERCP, antibiotic prophylaxis with
amoxicillin-clavulanic acid (ciprofloxacin in cases of allergy)
at the time of starting the endoscopy, monitoring and
deep sedation with propofol supervised by an anaesthetist,
Olympus TJF 145 Videoduodenoscope, approach to the
biliary tract using a catheter (“XL cannula”, Microvasive
Rapid Exchange, taper tip) with a 0.035/260 cm Jagwire
Stiff Shaft guide wire.
A cholangiography was performed after introduction
of the catheter into the biliary tract. If pathological
material observed justified therapeutic action, the catheter
was withdrawn, leaving the guide wire in place. Dilatation
of the papilla was perfor med with a Hurricane Rx
Microvasive biliary dilation balloon catheter (180 cm long
with a balloon length of 4 cm and diameter of 6 or 10
mm) using a syringe with the “Breeze TM RX inflation
device” manometer (Boston Scientific) for control of the
filling pressure. The dilation balloon catheter was advanced
over the guide wire and until the mid-portion of the
balloon was situated in the region of the biliary sphincter.
After positioning, a diluted contrast (50% contrast
plus 50% saline) was introduced under endoscopic and
fluoroscopic control to maintain the correct position until
a pressure of 11 atmospheres was reached in the case
of the 6 mm balloon and 8 atmospheres in the 10 mm
balloon. The pressure was maintained until the notch in
the balloon was gradually observed to disappear, after
which the balloon was maintained inflated for a further 60 s.
Extraction of the possible calculi was then attempted
using a balloon catheter (Extractor RX retrieval balloon,
Boston Scientific). A dormier basket (Boston Scientific)
was occasionally used and a mechanical lithotripsy basket
was also available in case it was required.
Finally, removal of all the calculi and pathological
biliary material from the common bile duct was confirmed
by an occlusion cholangiography.
The patient remained in the day hospital after the
procedure. Depending on the clinical course and the blood
amylase level, the patient was either discharged 4-8 h after
the procedure or was admitted.
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Table 1 Indication of hydrostatic balloon dilation
Indication

n

%

Intradiverticular papilla		
Stenosis of previous sphincterotomy
Papilla of small size			
Billroth II gastrectomy			
Coagulopathy			

26
19
4
3
1

49
35.8
7.5
5.6
1.9

The size of the calculi was calculated by the ratio
between the diameters of the calculus and the tip of
the endoscope, both measured on the X-ray image and
corrected according to the true diameter of the endoscope[5].
The complications were evaluated in accordance with
the consensus document published by Cotton et al[6] in
1991.
Statistical analysis
The qualitative variables were described by absolute
numbers and percentages. Quantitative data are expressed
as mean ± SD. Comparison of the qualitative variables
was performed using the odds ratio (OR) and the 95%
confidence interval (CI).

RESULTS
A total of 461 ERCPs were perfor med in February
2004-March 2006. Endoscopic sphincterotomy was
performed in 231 patients (50%) and hydrostatic dilation
in 53 patients (11.5%).
Our study focused on these 53 patients, 22 males
(41.5%) and 31 females (58.5%). The mean age was 73 ±
12.9 years. The most common indication for endoscopic
balloon dilation (Table 1) was intradiverticular papilla.
In only one case the indication was a septic shock with a
secondary coagulopathy (platelets: 39 000, international
normalized ratio: 2.1) but a coagulopathy was detected
in two further cases: a cirrhotic patient in the group of
intradiverticular papilla and a patient on acenocoumarol
anticoagulation in the stenosis group.
Of the patients treated with dilatation, 24 (45.3%)
did not undergo a cholecystectomy, and 29 (54.7%)
were previously cholecystectomized. Of the noncholecystectomised patients, one underwent laparoscopic
cholecystectomy with hydrostatic dilation (Endolap).
In 42 cases (79.2%), calculi were detected on cholangiography. In 44 cases (83%), biliary sludge or calculi were
obtained after the dilatation and clearance using a balloon
catheter and lavage. The cholangiography gave a false
positive result in one case and false negative results in three
cases.
The extraction was complete, with total clearance of
the biliary tract in 37 of the 44 patients (84%). Although
21 patients (39.6%) presented calculi with a diameter equal
to or greater than 10 mm (Table 2), the calculi were over
15 mm in diameter in 10 cases (19%). In one of the cases,
the dilatation was not sufficient to achieve extraction of
the calculi and a rescue sphincterotomy was performed.
Partial extraction was achieved in 7 patients (16%).
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Table 2 Classification of patients according to the presence,
size and number of calculi
Biliary material
Normal common bile duct
Biliary sludge / microcalculi / calculi ≤ 10 mm
Calculi > 10 mm and ≤ 15 mm
Calculi > 15 mm
Total number of calculi > 10 mm
Total number of cases with 3 or more calculi
Number of cases with calculi > 10 mm or with 3 or more calculi

n
8
24
11
10
21
14
25

%
15.1
45.3
20.7
18.9
39.6
26.4
47.2
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haemorrhage in 5 cases (2.2%), cholangitis in 3 cases (1.3%),
and perforation in 1 case (0.4%). Although they were not
homogeneous populations, as the high-risk patients were
preferentially treated with hydrostatic balloon dilation,
we compared the incidence of different complications
in the two groups and found no statistically significant
differences. However, in view of the frequency of events
and the size of the sample, we recognised that our series
had an insufficient statistical power.

DISCUSSION
In 6 cases, despite the extraction of calculi and biliary
sludge, one or more residual calculi were observed on
occlusion cholangiography, proceeding to the insertion
of a 7 cm 10 Fr polyethylene stent. The remaining case
was a patient with a Billroth Ⅱ gastrectomy and 19 calculi
in the common bile duct, 7 of which had a diameter
greater than 12 mm. After the extraction of multiple
calculi, an occlusion cholangiography was performed,
showing the identified images as air bubbles. The patient
was readmitted 11 d later for cholangitis and, in view
of the technical difficulty experienced in the previous
exploration, it was decided to treat the patient surgically.
Choledochoduodenostomy was performed and residual
choledocholithiasis was found.
A polyethylene stent was inserted in another 5 cases.
In 4 cases, despite evidence of complete clearance of
the common bile duct after the extraction manoeuvres,
it was decided to ensure biliary drainage by the insertion
of a stent because their tendency to recur, stenosis of
the previous sphincterotomy with multiple episodes of
cholangitis or choledocholithiasis. In the remaining case,
the patient presented residual choledocholithiasis with
a biliary fistula after laparoscopic cholecystectomy. The
papilla was intradiverticular and balloon dilation was
therefore performed, with extraction of the calculi and
insertion of a plastic stent.
Overall, 43 of 44 patients (97.8%) with bile duct
stones had successful bile duct clearance or drainage
(endoprosthesis).
Acute pancreatitis was the most common complication,
being mild in 5 cases and moderate in 1 case. In our
series, no relationship was found between post-dilatation
pancreatitis and the size or number of the calculi (Table 3).
The incidence of reactive pancreatitis was 11.3% in
balloon dilation and 5.2% in sphincterotomy, with an OR
of 2.33 (95% CI: 0. 83-7.54).
Late haemorrhage occurred in one (1.9%) of our
patients. This was a patient on acenocoumarol anticoagulation who presented with late haemorrhage five
days after the dilatation with melaena and a fall in the
haemoglobin (2 g/dL). Early upper GI endoscopy did
not detect a potentially haemorrhagic lesion and blood
residues. The other two patients with coagulopathy
did not present any complication. None of the other
complications was serious.
During the same period of time, complications
were detected in 21 (9.2%) of the cases treated with
sphincterotomy: acute pancreatitis in 12 cases (5.2%),
www.wjgnet.com

Currently, the standard treatment of choledocholithiasis is
endoscopic retrograde cholangiopancreatography (ERCP)
with sphincterotomy. However, this technique is not
exempt from risks such as haemorrhage, perforation and
pancreatitis in an early phase and complications derived
from the loss of function of the sphincter of Oddi in
a late phase. The incidence of early complications after
sphincterotomy is 6%-10% [2,6], with a mortality of 1%
(Table 4). The incidence of complications in our series was
similar to that found in the literature.
The morbidity due to endoscopic balloon dilation of
the papilla varies between 17% and 21% in randomised,
controlled studies and between 7% and 19% in the noncontrolled studies. The morbidity is due principally to
pancreatitis which, in some cases, can be severe (3% to
6.8%) and even lead to death [4,7]. A meta-analysis [8] of
randomized, controlled studies comparing sphincterotomy
whith hydrostatic dilation of the papilla was published
recently, and included a total of 1106 patients, which
showed that papillary dilation is a theoretically attractive
option in young patients as it preserves sphincter function,
although the high rate of reactive pancreatitis limits its use
in selected cases. Paradoxically, the risk of pancreatitis is
higher in young patients who would theoretically benefit
most from the preservation of sphincter function.
The results of the meta-analysis showed no haemorrhage after papillary dilation, thus favouring this
procedure in patients with a coagulopathy and in those
who require re-initiation of anticoagulation within a
period of 72 h. Platelet or whole blood transfusions could
prevent early haemorrhage but do not protect against late
bleeding, which is responsible for 50% of the cases of
haemorrhage[9,10].
Currently, hydrostatic balloon dilation is considered
an alternative in patients with coagulation disorders and
in cases of atypical anatomy, such as an intradiverticular
papilla, a Billroth Ⅱ gastrectomy or Roux-en-Y anastomosis
and in stenosis of the papilla due to scarring of a previous
sphincterotomy.
C i r r h o t i c p a t i e n t s r e p r e s e n t a n o t h e r h i g h e rrisk population which could benefit from dilatation.
Sphincterotomy in these patients has a mortality of
6.4%-25% in different series, whilst dilatation did not
cause any complications in one series of 9 cirrhotic
patients, of whom 6 presented a coagulopathy[11-13]. Three
patients in our series presented a coagulopathy: one patient
on acenocumarol anticoagulation who developed melaena
5 d after the procedure, one with hepatic cirrhosis and the
other with cholangitis, septic shock and a consumption
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Table 3 Analysis of the patients with post-dilatation pancreatitis and possible risk factors
Case
1
2
3
4
5
6

Diameter largest calculus
20 mm
Microcalculi
14.5 mm
Microcalculi
10.5 mm
0

Total number of calculi
19
Several
3
Several
Several
0

Table 4 Complications of sphincterotomy in the literature
Complication
Pancreatitis
Haemorrhage
Perforation
Sepsis

Diameter balloon (mm)
10
10
10
10
10
10

[2,6]

Percentage (%) Surgery (%) Death
1-7
6.3
10-10.9 (0.2% of the total)
2.5
22
13 (0.6% of the total)
1.3
27
16 (0.2% of the total)
1.7

coagulopathy, who presented no complications.
Stenosis of the papilla after sphincterotomy is not a rare
event, with a prevalence ranging 3.4%-13%[14,15]. In these
cases, sphincterotomy appeared to be associated with a
higher rate of perforation and pancreatitis[6], and papillary
balloon dilation was thus proposed as an alternative.
Stenosis of the papilla due to scarring from a previous
sphincterotomy was the indication for dilatation in 21 of
the cases in our series. Complications arose in two of these
cases (9.5%): one presenting mild pancreatitis and the other
a late haemorrhage (the patient mentioned above was on
treatment with acenocumarol).
The majority of authors consider that sphincterotomy is
associated with a higher morbidity and mortality in patients
with a Billroth Ⅱ gastrectomy. However, controversy exists
on this matter[5,16]. In a randomised study, hydrostatic dilation
was not found to be associated with a higher morbidity in
patients with a Billroth Ⅱ gastrectomy than in patients with
a normal anatomy of the papilla and was also not associated
with an increase in the need for mechanical lithotripsy. In
our series, dilatation had no complications in 3 patients with
a Billroth Ⅱgastrectomy.
Balloon dilation is highly effective, with extraction
of the calculi and complete clearance of the biliary tract
achieved in 80%-100% of cases, comparable to the success
rate after sphincterotomy (96%). Some authors have
proposed a rescue sphincterotomy when it is not possible
to extract all the calculi after dilatation[17].
On the other hand, some authors [18] perfor med
dilatation of the papilla with large diameter balloons
(12-20 mm in diameter) in patients with retained calculi
after sphincterotomy, whether due to their large size or
to narrowing of the distal common bile duct, but they
could not extract the calculi (11% of cases). However, the
efficacy of mechanical lithotripsy was 80%-98%.
The most frequent complication of papillary dilation is
pancreatitis, with an incidence ranging 4%-35%, depending on the series. During dilatation, trauma is applied
circumferentially to the sphincter and, therefore, partially
in the direction of the pancreatic duct, causing transmural
inflammation and intramucosal haemorrhage of the

Indication
Billroth Ⅱ
Intradiverticular
Intradiverticular
Stenosis
Intradiverticular
Intradiverticular

Hospital stay (d)
4
3
3
3
2
3

sphincter. The traction exerted on the calculi in the attempts
to extract them[17] also gives rise to additional trauma to the
sphincter.
Hydrostatic dilatation of the papilla with an 8
mm balloon enables extraction of calculi in almost all
cases with a diameter of less than 10 mm[19]. However,
mechanical lithotripsy is required in 50% of cases when
there are more than 3 calculi or when the calculi have
a diameter greater than 10 mm. Mechanical lithotripsy
makes the procedure more laborious, and its manipulation
can increase the incidence of pancreatitis[20]. Furthermore,
additional sphincterotomy or repetition of ERCP is
required in 15% to 30% of the patients[9]. For this reason,
some authors[8] do not favour balloon dilation in patients
with calculi of these characteristics.
Vlavianos[21] used a 10 mm balloon and lithotripsy was
only required in 6.8% of cases, despite the total clearance
of calculi with a diameter greater than 10 mm was achieved
in the biliary tract of 70.7% of cases.
In the present study, although 39.6% of the patients
presented calculi with a diameter greater than 10 mm,
and more than 3 calculi were extracted in 26.4% of cases,
mechanical lithotripsy was not required in any case and
rescue sphincterotomy was only required in one case in
order to extract the calculus (Table 2). The incidence of
pancreatitis was not related either to the number of calculi
or to their size. We do not know whether these results are
due to the use of the 10 mm hydrostatic balloon, as the
previously mentioned data come from studies in which an
8 mm or smaller diameter balloon was used[22].
A recent study in Japan[23] showed that the effect of
balloon dilation is associated with the temporary insertion
of a stent into the pancreatic duct. A tendency to reduce
the rate of pancreatitis was observed, though this did not
reach statistical significance due to the low incidence of
pancreatitis in the control group (6%).
Another advantage of dilatation derives from its
capacity of preserving sphincter function. The loss of
function of the sphincter of Oddi after sphincterotomy
is permanent and exposes the biliary tree to reflux of the
duodenal contents, producing bacterial colonisation and
chronic inflammation of the biliary tree. This may be a
cause for concern in younger patients as it can increase
the incidence of primary choledocholithiasis caused by
deconjugation of the bilirubin by bacterial enzymes, and
the number of tumours of biliary origin. Acamada [24]
detected primary cancer of the biliary tree detected in 7.4%
of patients undergoing transduodenal surgical destruction
of the muscle fibres of the sphincter of Oddi after a mean
follow-up of 18 (10-22) years. In the majority of these
www.wjgnet.com
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cases, bacterial contamination of the biliary tract was also
observed. However, studies on series of sphincterotomy
with long-term follow-up have not detected serious
complications despite the permanent abolition of the
function of the sphincter of Oddi[25]. The incidence of late
complications after sphincterotomy was 24% in one study
with a mean follow-up of 15 years[26].
Dilatation of the papilla preserves the function of the
biliary sphincter in the majority of cases, thus preventing
chronic reflux of the duodenal contents into the biliary
system. Studies have shown that the pressure in the
common bile duct, the basal pressure of the sphincter
of Oddi, the peak pressure and the contractile frequency
are significantly reduced one week after dilatation of
the papilla [19,27,28]. Two studies of the histology of the
papilla after dilatation, one performed in pigs[29] and the
other in humans[30], demonstrated no disruption of the
smooth muscle or distortion of the architecture, although
inflammation and mild or moderate fibrosis was observed
in the majority of cases.
In conclusion, our results indicate that balloon dilation
of the papilla is highly effective, the complication rate is
comparable to that of sphincterotomy, and the clinical
importance of the complications is low. The use of a
10 mm balloon enables extraction of multiple calculi
with a size greater than 15 mm with no increase in the
complication rate and reduces the need for lithotripsy or
sphincterotomy.
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The use of a 10 mm balloon enables extraction of multiple calculi with a size
greater than 15 mm with no increase in the complication rate and reduces the
need for lithotripsy or sphincterotomy.

Applications

Papillary dilation is the treatment of choice in patients with coagulopathy and a
local anatomy that makes dangerous a sphincterotomy (Billroth Ⅱ gastrectomy,
periampullary diverticula) independently of the size and the number of calculi.

Terminology

Patients with papilla at high risk: patients in whom the local anatomy makes
a sphincterotomy impossible or dangerous (e.g., patients with periampullary
diverticula or undergoing Billroth Ⅱ gastrectomy). Occlusion cholangiography:
occlusion cholangiography is done after the balloon catheter is inflated and
withdrawn from the papilla (to avoid contrast leak). Endolap: single-stage treatment
with laparoscopic cholecystectomy and intraoperative ERCP.

Peer review

In the current paper, the authors report their experience with endoscopic balloon
dilation of the sphincter of Oddi for the treatment of bile duct stones versus
endoscopic sphincterotomy. Their results indicate that balloon dilation of the
papilla is highly effective, and the complication rate is comparable to that of
sphincterotomy. The paper is of interest.
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Abstract
AIM: To evaluate the diagnostic accuracy of endoscopic
ultrasound-guided fine-needle aspiration (EUS-FNA) for
pancreatic solid tumors larger or smaller than 3 cm, and
cystic lesions.
METHODS: From January/1997 to December/2006, 611
patients with pancreatic tumors were subjected to EUSFNA. The final diagnosis was obtained either by surgery
(356 cases) or after a mean clinical follow-up of 11.8 mo
in the remaining patients.
RESULTS: There were 405 solid tumors, 189 cystic
lesions and 17 mixed. Pancreatic specimens for
cytological assessment were successfully obtained by
EUS-FNA in 595 (97.4%) cases. There were 352 (57.6%)
malignancies and 259 (42.4%) benign tumors. Among
the malignancies, pancreatic adenocarcinomas accounted
for 67% of the lesions. Overall, the sensitivity, specificity,
positive and negative predictive values, and accuracy
of EUS-FNA were, respectively, 78.4%, 99.2%, 99.3%,
77.2% and 87.2%. Specifically for solid tumors, the same
parameters for neoplasms larger and smaller than 3 cm
were, respectively, 78.8% vs 82.4%, 100% vs 98.4%,
100% vs 99%, 54.8% vs 74.1% and 83.1% vs 87.8%.
For cystic lesions, the values were, respectively, 72.2%,
99.3%, 97.5%, 91% and 92.2%.
CONCLUSION: EUS-FNA can be used to sample
pancreatic tumors in most patients. Even though the
negative predictive value is inadequate for large solid
tumors, the results are rather good for small solid
tumors, especially concerning the sensitivity, negative
predictive value and diagnostic accuracy. Among all
pancreatic lesions, EUS-FNA for cystic lesions can
www.wjgnet.com

reveal the best negative predictive value and diagnostic
accuracy, both higher than 90%.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Endoscopic ultrasound (EUS) is the best diagnostic
tool for locoregional staging of pancreatic tumors [1-3].
However, similar to other imaging methods, EUS cannot
differentiate easily a pancreatic malignancy from an
inflammatory process[3-5]. Cytological brushes from the
main pancreatic duct perfor med during endoscopic
retrograde pancreatography, as well as surgical biopsies
are additional procedures to improve the diagnostic yield,
although both methods have neither a good sensitivity nor
a better diagnostic accuracy for pancreatic neoplasms[6-9].
To overcome these drawbacks, EUS-guided fine needle
aspiration (EUS-FNA) of pancreatic tumors is a very
good choice, with its safety, feasibility and high diagnostic
accuracy confirmed by many studies[10,11].
We conducted this study to evaluate the diagnostic
accuracy of EUS-FNA for pancreatic solid tumors larger
or smaller than 3 cm, and cystic lesions.

MATERIALS AND METHODS
From January/1997 to December/2006, 1043 patients
with pancreatic tumors were subjected to EUS-FNA in a
single referral center. Four hundred thirty-two cases were
lost to follow-up. Six hundred eleven (58.6%) patients
were available for retrospective review. The final diagnosis
was based on surgical findings (n = 356) or by a mean
clinical follow-up of 11.8 (range: 2 to 32) mo (n = 255).
Procedures were carried out by the same endosonographer
(JCA) using either Pentax linear echoendoscopes FG
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Figure 1 EUS images
during FNA of (A) solid
pancreatic tumor (colon
carcinoma metastasis),
and (B) cystic lesion
(cystadenocarcinoma),
both confirmed by
the cytopathological
assessment. Note the
needle inside both
lesions.

B

32-UA, FG 36-UX and FG-38UX (Pentax Precision
Instruments, Inc., Orangeburg, NY) with a HITACHI 405
or 515 EUB ultrasound platform, or Olympus UCT-160
(Olympus Optical Corp. Ltd., Tokyo, Japan) with a UC-60
ultrasound platform (Suzy-Olympus Optical Corp. Ltd.,
Tokyo, Japan). EUS-FNA was performed by using a
22-gauge, 8-cm shot gun aspiration needle (NA-11J-KB,
Olympus Optical Co., Tokyo, Japan), under conscious
sedation with propofol and cardiorespiratory monitoring.
Patients were left on their left side position after overnight
fast before the procedure. Antibiotic prophylaxis was given
during the procedure for puncturing all cystic lesions.
Passage was transduodenal for lesions in the head and
uncinate process of the pancreas and transgastric through
the lesser sac for lesions in the body and tail (Figure 1).
Cytopathological assessment
Aspirated samples were evaluated either by means
of cytological smears or cell blocks. All cytological
samples were interpreted by one of the two experienced
cytopathologists (FV and GCS). The number of passes
of the needle until satisfactory specimens were obtained
was documented in each case. Briefly, once aspirated,
the material was expelled onto slides, and two smears
were made, followed by fixation in buffered formalin,
and staining with Papanicolaou and Wright-Giemsa
stains. Specimens for cell blocking were fixed in buffered
formalin, submitted to centrifugation, and immersed in
liquid agarose. Once solidified, the agar cone with the
cells in the top was embedded in paraffin to be handled
as a routine tissue block. Thin 3-mm sections from
paraffin-embedded cell blocks were cut, mounted on
glass slides, and stained with haematoxylin and eosin.
Immunocytochemical stains were carried out by the
avidin-biotin peroxidase method. On review of the slides,
cellularity, presence of loosely cohesive aggregates or
single tumor cells, quality and quantity of cytoplasm,
nuclear pleomorphism, chromatin patterns, nucleus to
cytoplasm ratio and necrosis were systematically analysed
in each case.
Statistical analysis
The significance level was 5% for all statistical procedures.
Numerical variables were expressed as mean ± SD and
comparative analysis between them was performed by
Student’s t-test. All categorical data were analysed by chisquare test with Yates correction and Fischer’s exact

Table 1 Diagnostic evaluation before EUS
Imaging modalities
Only CT
CT + MRI
CT + ERCP
CT + MRI + ERCP

n
289
190
120
12

%
47.3
31.1
19.6
2.0

CT: Computed tomography; MRI: Magnetic resonance imaging; ERCP:
Endoscopic retrograde colangiopancreatography.

test. Concerning the diagnosis obtained by EUS-FNA,
sensitivity, specificity, positive and negative predictive
values, and accuracy were calculated with a 2 × 2 table. For
statistical procedures, lesions in the head, uncinate process
and pancreatic neck were grouped together; and the same
was done for masses invading both body and tail, which
were grouped as body lesions.

RESULTS
Three hundred fourteen (51.4%) patients were females,
and their mean age was 57.8 (range: 11-89) years.
The main reasons to perform EUS-FNA in pancreatic
tumors were suspicion of solid malignant neoplasia
(44.2%), cystic collections (28.3%) and to obtain the
differential diagnosis between pancreatic cancer and
focal chronic pancreatitis (11.6%). Other indications are
delineated on Figure 2. In addition to the endosonographic
evaluation, as well as computed tomography, some patients
were previously submitted to other diagnostic approaches
(Table 1).
Four hundred ten (67.1%) tumors were located in the
pancreatic head, 161 (26.3%) in the body, 40 (6.6%) in the
tail (Table 2). Passage was transduodenal for 410 (67%)
tumors, and transgastric for 201 (33%) cases. The general
mean size of the tumors was 3.4 cm (range: 0.4-14.4), and
lesions less than 3 cm accounted for 43% of the cases.
The average size of solid tumors larger and smaller than 3
cm, was, respectively, 4.3 cm (3-10.3 cm) and 1.8 cm (0.4-2.9
cm). The mean size of cystic lesions was 3.7 cm (0.4-14.4).
EUS diagnosed 405 (66.3%) solid tumors, 189 (30.9%)
cystic collections and 17 (2.8%) mixed pattern lesions.
Malignant or pre-malignant disease was detected in 352
(57.6%) cases. Adenocarcinoma was diagnosed in 236
(38.6%) cases. The remaining diagnoses are depicted in
Table 3. Aspiration samples were successfully collected in
www.wjgnet.com
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Figure 2 Indications for
pancreatic EUS-FNA. FCP:
focal chronic pancreatitis;
N E T: n e u r o e n d o c r i n e
tumor; IAP: idiopathic acute
pancreatitis; MPD: main
pancreatic duct.

Indications for Pancreatic EUS-FNA (n = 611)

270

250
200

  Number 22

173

150
100
71
50
0

27
Mass

Cyst

  FCP × Cancer

NET

24

18

Cholestasis Enlarged
pancreas

Table 2 Location of the pancreatic tumors in patients submitted
to EUS-FNA

Solid tumors ≥ 3 cm
Solid tumors < 3 cm
Cystic lesions
Total

Head
169
119
122
410

1

Body
42
52
67
161

2

Tail
14
9
17
40

Total
225
180
206
611

17
IAP

8

Tumour
Solid (405)

Lesions in the head, uncinate process and pancreatic neck were grouped
together. 2Tumors invading body and tail were grouped as body lesions.
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1

Table 3 Diagnoses of pancreatic lesions obtained by surgery
and clinical follow-up (n = 611)

1

595 (97.4%) patients after an average of 2.2 (range:1-4)
passes. The puncture of the tumor was not possible
in 2 cases, and in 14 cases the amount of the aspirated
specimens was not adequate for cytological assessment,
even after multiple passes of the needle. All these cases
were diagnosed after surgical resection.
In total, there was agreement between the cytological
diagnoses of malignancy with those from surgery or
clinical follow-up in 269 of 352 (76.4%) patients. On the
other hand, the cytopathology correctly classified 257 of
259 (99.2%) non-neoplastic cases as a benign condition.
In an intention-to-treat analysis, EUS-FNA confirmed
the final diagnosis in 526 of 611 (86%) cases. Overall,
the sensitivity, specificity, positive and negative predictive values, and diagnostic accuracy of EUS-FNA were,
respectively, 78.4%, 99.2%, 99.3%, 77.2% and 87.2%
(Table 4).
In regard to the value of the method for solid lesions
smaller or larger than 3 cm, and cystic lesions, our results
were rather good for small solid tumors, especially
concerning the sensitivity, negative predictive value and
diagnostic accuracy. For large solid tumors, although the
positive predictive value was 100%, the negative predictive
value was somewhat disappointing, reaching a rate lower
than 55%. Furthermore, among all pancreatic lesions,
EUS-FNA for cystic lesions revealed the best negative
predictive value and diagnostic accuracy of this series, both
higher than 90% (Table 4).
Five patients developed FNA-related minor complications (fever in 2 after puncturing of cystic lesions,
acute pancreatitis in 2 and haemorrhage in 1) managed
clinically for 48 h. One case developed a severe abdominal
pain due to bile peritoneum after puncturing a serous

2

FCP × Cancer Biliary MPD stenosis
× IAP
stenosis

Cystic (189)

Mixed (17)

Type
Adenocarcinoma
Focal Chronic Pancreatitis
Neuroendocrine tumor
Metastasis
Lymphnode
Splenosis
Lymphoma
Autoimmune pancreatitis
Adenoma
Sarcoma
Blastomycosis
Pseudocyst
Serous cystadenoma
Mucinous cystadenoma
IPMT
Abscess
PanIN
Chronic Pancreatitis
Tuberculosis
Neuroendocrine tumor
Cystadenocarcinoma
Adenocarcinoma
Frantz tumor
IPMT
Metastasis
Neuroendocrine tumor

n
233
87
46
13
9
4
4
4
2
2
1
84
42
18
18
12
8
4
2
1
8
3
3
1
1
1

IPMT: Intraductal papillary mucinous tumor; PanIN: Pancreatic
intraepithelial neoplasia.

cystadenoma. Only conser vative management in an
intensive care unit was offered, with no surgery, and the
patient was discharged after 20 d.

DISCUSSION
Histological diagnosis of pancreatic tumors can influence
the choice of the best therapeutic approach [10,12]. CTor US-guided percutaneous puncture of the pancreatic
tumors is usually more difficult to undertake due to the
retroperitoneal situation of the pancreas[13-15]. Specimens
from pancreatic cancer can also be collected by means of
laparoscopy[2,6], brushing or forceps and needle aspiration
biopsies during ERCP [7] , as well as directly from the
pancreatic juice. The sensitivity of the biopsy from the
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Table 4 Sensitivity, specificity, positive and negative predictive values and accuracy of EUS-FNA in the diagnosis of pancreatic tumors
General
(n = 611)
Sensitivity
Specificity
PPV
NPV
Accuracy

Solid tumors ≥ 3 cm
(n = 225)

Solid tumors < 3 cm
(n = 180)

Cystic lesions
(n = 206)

%

95% CI

%

95% CI

%

95% CI

%

95% CI

78.4
99.2
99.3
77.2
87.2

74.1-82.8
98.1-100
98.2-100
72.6-81.7
84.5-89.9

78.8
100
100
54.8
83.1

72.8-84.8
100-100
100-100
44.1-65.4
78.2-88

82.4
98.4
99.0
74.1
87.8

75.5-89.2
95.2-100
97-100
64.5-83.6
83-92.6

72.2
99.3
97.5
91.0
92.2

60.3-84.2
98.1-100
92.7-100
86.6-95.3
88.6-95.9

pancreatic duct is similar to that obtained by needle
aspiration biopsy and intraductal brushing during ERCP,
ranging from 40% to 67%[7-9].
The low sensitivity of all these sampling methods, in
addition to more complex and laborious techniques, has
increased the interest in the use of EUS for pancreatic
tumors. However, the images obtained by endoscopic
ultrasonography are not able to differentiate precisely
malignancy from inflammation[4]. Wiersema et al[5] reported
a sensitivity of 76% to detect pancreatic cancer, and
Palazzo et al[4] demonstrated a specificity of only 73% for
diagnosing inflammatory processes. In fact, in an attempt
to improve the diagnostic yield of pancreatic lesions by
means of cytopathological assessment[10], EUS-FNA has
been used more frequently, and constitutes a very useful
method for locoregional staging of pancreatic cancer,
making EUS possible to sample almost everything detected
during the diagnostic procedure[1,16].
Our diagnostic accuracy by EUS-FNA was 86.6%,
which is in accordance with the reported experience,
ranging from 84% to 95%[1,10,11,17]. Sampling was successful
in 98.4% of the cases, with a mean number of punctures
for every pancreatic lesion lower than that reported by
other authors without an on-site cytopathologist [10,18].
It was not possible to obtain cytological specimens in
16 cases, either due to extremely hard lesions, in which
insertion of the needle into the mass was not possible for
more than 1 cm (1 pancreatic carcinoma and 1 nodule
of focal chronic pancreatitis), or due to scarce material
obtained even after multiple passes of the needle, half
of them for lesions further than 3 cm from the probe.
Although a subject of much discussion, in this particular
group of patients we believe on-site cytopathologist might
enhance the diagnostic yield, as proposed by Chang et al[10].
In addition, another way to improve the sampling might be
the use of larger needles. Nevertheless, 19-gauge needles
could also increase the occurrence of complications, which
should be evaluated in randomized clinical trials[19].
In an attempt to improve the diagnostic yield, new
methods are available to guide EUS-FNA of the pancreas,
such as elastography and contrast-enhanced ultrasound.
Giovannini et al [20] evaluated the tissue elasticity of
pancreatic malignancies during ultrasound examination,
and reported that its sensitivity is 100% and specificity is
67%, respectively. In addition, echo-enhanced ultrasound
is a newly available imaging modality for the evaluation
of pancreatic lesions. Based on the characteristic
vascularization patterns of different tumors, experience
has demonstrated that the sensitivity and specificity of the
method in diagnosing pancreatic masses are greater than

85% and 90%, respectively[21]. However, even with these
recent advances, histology is still the standard of reference.
At this point, a combined evaluation of cytological smears
and cell blocks can guarantee the maximum utilization
of the material aspirated from pancreatic tumors, thus
providing more accurate and clinically useful findings[22,23].
In our referral center, the general sensitivity for
detection of pancreatic neoplasms by CT or US is
respectively, 89% and 76% (data not shown). The literature
reports a sensitivity of 100% to detect pancreatic tumors
bigger than 3 cm, higher than that obtained by CT or US,
and similar to the findings from ERCP[2,3,10,24]. Nonetheless,
for small tumors, EUS-FNA presents a better sensitivity
in relation to CT or ERCP[4,10,25], which might be a great
advantage, as tumors less than 3 cm accounted for 43%
of our patients. Regarding the value of EUS-FNA for
solid tumors, our results were rather good for tumors
smaller than 3 cm, as reported in the literature[26-28]. For
larger tumors, even with an excellent positive predictive
value, the negative predictive value was lower than 55%.
Furthermore, the negative predictive value and diagnostic
accuracy of EUS-FNA for cystic lesions were higher than
90%, which are consistent with other studies[29,30].
EUS-FNA has the following advantages over CT- or
US-guided FNA: the shorter distance between the gut wall
and tumor, the real time visualization of the needle, and
the Doppler scanning to avoid punctures of the adjacent
blood vessels[10,11]. Potential disadvantages could be the
sedation and seeding of the needle tract by malignant cells,
which have been reported with the percutaneous approach
as well [31,32]. However, except for body-tail lesions [10,11],
tumors located in the pancreatic head should be punctured
through the duodenum, which is resected with the
probable site of malignant seeding in case of surgery.
Besides, the sensitivity of percutaneous CT- or US-guided
FNA for pancreatic tumors ranges from 45% to 100%,
with a specificity being close to 100%[13,14]. However, a
pitfall of this technique is the difficulty for identifying and
positioning the lesion properly to be punctured[13-15]. In
our experience, EUS could identify all lesions previously
detected by other imaging methods and insertion of the
needle was possible in 99.6% of the cases.
FNA-related complications occurred in 1.1% of the
patients, with the minor complications managed clinically.
Most likely our lower number of passes of the needle
could explain our low rate of complications. In fact, two
factors have led to the occurrence of complications:
the puncture of cystic lesions and the passage of the
needle through large areas of normal parenchyma to
reach tumors less than 2 cm. On the other hand, only
www.wjgnet.com
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one case developed a life-threatening complication, a
bile peritoneum which could be successfully treated with
intensive care support. None of these cases required
surgical intervention. Our experience is in line with the
literature about this issue, in which the complication rate
ranges from 0.5% to 5%[17,33]. Besides, CT-guided FNA
presents a complication rate close to 1%[14,15], similar to
that obtained in our series.
EUS-FNA proved to be a safe and successful
procedure for sampling pancreatic lesions in most
patients. The cytopathological assessment confirmed the
final diagnosis in almost 90% of the cases. As a result
of an impressive specificity and positive predictive value,
a malignant cytopathology guarantees the presence of
cancer. The sensitivity, negative predictive value and
diagnostic accuracy are pretty good for small solid tumors.
EUS-FNA for cystic lesions can reveal the best negative
predictive value and diagnostic accuracy.

REFERENCES
1

2
3
4

5

6
7

8
9
10

11

12
13
14

Akahoshi K, Chijiiwa Y, Nakano I, Nawata H, Ogawa Y,
Tanaka M, Nagai E, Tsuneyoshi M. Diagnosis and staging of
pancreatic cancer by endoscopic ultrasound. Br J Radiol 1998;
71: 492-496
Al-Kaisi N, Siegler EE. Fine needle aspiration cytology of the
pancreas. Acta Cytol 1989; 33: 145-152
Rösch T, Lorenz R, Braig C, Classen M. Endoscopic
ultrasonography in diagnosis and staging of pancreatic and
biliary tumors. Endoscopy 1992; 24 Suppl 1: 304-308
Palazzo L, Roseau G, Gayet B, Vilgrain V, Belghiti J, Fékéte F,
Paolaggi JA. Endoscopic ultrasonography in the diagnosis and
staging of pancreatic adenocarcinoma. Results of a prospective
study with comparison to ultrasonography and CT scan.
Endoscopy 1993; 25: 143-150
Wiersema MJ, Hawes RH, Lehman GA, Kochman ML,
Sherman S, Kopecky KK. Prospective evaluation of endoscopic
ultrasonography and endoscopic retrograde cholangiopancreatography in patients with chronic abdominal pain of
suspected pancreatic origin. Endoscopy 1993; 25: 555-564
Edoute Y, Lemberg S, Malberger E. Preoperative and
intraoperative fine needle aspiration cytology of pancreatic
lesions. Am J Gastroenterol 1991; 86: 1015-1019
Ferrari Júnior AP, Lichtenstein DR, Slivka A, Chang C, CarrLocke DL. Brush cytology during ERCP for the diagnosis of
biliary and pancreatic malignancies. Gastrointest Endosc 1994;
40: 140-145
Ryan ME. Cytologic brushings of ductal lesions during ERCP.
Gastrointest Endosc 1991; 37: 139-142
Scudera PL, Koizumi J, Jacobson IM. Brush cytology
evaluation of lesions encountered during ERCP. Gastrointest
Endosc 1990; 36: 281-284
Chang KJ, Nguyen P, Erickson RA, Durbin TE, Katz KD.
The clinical utility of endoscopic ultrasound-guided fineneedle aspiration in the diagnosis and staging of pancreatic
carcinoma. Gastrointest Endosc 1997; 45: 387-393
Vilmann P, Hancke S, Henriksen FW, Jacobsen GK.
Endosonographically-guided fine needle aspiration biopsy of
malignant lesions in the upper gastrointestinal tract. Endoscopy
1993; 25: 523-527
Hünerbein M, Dohmoto M, Haensch W, Schlag PM.
Endosonography-guided biopsy of mediastinal and pancreatic
tumors. Endoscopy 1998; 30: 32-36
Pinto MM, Avila NA, Criscuolo EM. Fine needle aspiration of
the pancreas. A five-year experience. Acta Cytol 1988; 32: 39-42
Rodriguez J, Kasberg C, Nipper M, Schoolar J, Riggs
MW, Dyck WP. CT-guided needle biopsy of the pancreas:

15
16
17
18
19

20

21
22

23

24

25
26

27

28
29
30
31
32

33

June 14, 2007

Volume 13

  Number 22

a retrospective analysis of diagnostic accuracy. Am J
Gastroenterol 1992; 87: 1610-1613
Welch TJ, Sheedy PF, Johnson CD, Johnson CM, Stephens DH.
CT-guided biopsy: prospective analysis of 1,000 procedures.
Radiology 1989; 171: 493-496
Ahmad NA, Lewis JD, Ginsberg GG, Rosato EF, Morris JB,
Kochman ML. EUS in preoperative staging of pancreatic
cancer. Gastrointest Endosc 2000; 52: 463-468
Harewood GC, Wiersema MJ. Endosonography-guided
fine needle aspiration biopsy in the evaluation of pancreatic
masses. Am J Gastroenterol 2002; 97: 1386-1391
Erickson RA, Sayage-Rabie L, Beissner RS. Factors predicting
the number of EUS-guided fine-needle passes for diagnosis of
pancreatic malignancies. Gastrointest Endosc 2000; 51: 184-190
Itoi T, Itokawa F, Sofuni A, Nakamura K, Tsuchida A, Yamao
K, Kawai T, Moriyasu F. Puncture of solid pancreatic tumors
guided by endoscopic ultrasonography: a pilot study series
comparing Trucut and 19-gauge and 22-gauge aspiration
needles. Endoscopy 2005; 37: 362-366
Giovannini M, Hookey LC, Bories E, Pesenti C, Monges G,
Delpero JR. Endoscopic ultrasound elastography: the first step
towards virtual biopsy? Preliminary results in 49 patients.
Endoscopy 2006; 38: 344-348
Rickes S, Mönkemüller K, Malfertheiner P. Contrast-enhanced
ultrasound in the diagnosis of pancreatic tumors. JOP 2006; 7:
584-592
Mitsuhashi T, Ghafari S, Chang CY, Gu M. Endoscopic
ultrasound-guided fine needle aspiration of the pancreas:
cytomorphological evaluation with emphasis on adequacy
assessment, diagnostic criteria and contamination from the
gastrointestinal tract. Cytopathology 2006; 17: 34-41
Liu K, Dodge R, Glasgow BJ, Layfield LJ. Fine-needle
aspiration: comparison of smear, cytospin, and cell block
preparations in diagnostic and cost effectiveness. Diagn
Cytopathol 1998; 19: 70-74
Snady H, Cooperman A, Siegel J. Endoscopic ultrasonography
compared with computed tomography with ERCP in patients
with obstructive jaundice or small peri-pancreatic mass.
Gastrointest Endosc 1992; 38: 27-34
Kahl S, Malfertheiner P. Role of endoscopic ultrasound in the
diagnosis of patients with solid pancreatic masses. Dig Dis
2004; 22: 26-31
Nakaizumi A, Uehara H, Iishi H, Tatsuta M, Kitamura T,
Kuroda C, Ohigashi H, Ishikawa O, Okuda S. Endoscopic
ultrasonography in diagnosis and staging of pancreatic cancer.
Dig Dis Sci 1995; 40: 696-700
Rösch T, Braig C, Gain T, Feuerbach S, Siewert JR, Schusdziarra
V, Classen M. Staging of pancreatic and ampullary
carcinoma by endoscopic ultrasonography. Comparison
with conventional sonography, computed tomography, and
angiography. Gastroenterology 1992; 102: 188-199
Hunt GC, Faigel DO. Assessment of EUS for diagnosing,
staging, and determining resectability of pancreatic cancer: a
review. Gastrointest Endosc 2002; 55: 232-237
Sedlack R, Affi A, Vazquez-Sequeiros E, Norton ID, Clain
JE, Wiersema MJ. Utility of EUS in the evaluation of cystic
pancreatic lesions. Gastrointest Endosc 2002; 56: 543-547
Bhutani MS. Role of endoscopic ultrasonography in the
diagnosis and treatment of cystic tumors of the pancreas. JOP
2004; 5: 266-272
Ferrucci JT, Wittenberg J, Margolies MN, Carey RW.
Malignant seeding of the tract after thin-needle aspiration
biopsy. Radiology 1979; 130: 345-346
Paquin SC, Gariépy G, Lepanto L, Bourdages R, Raymond
G, Sahai AV. A first report of tumor seeding because of EUSguided FNA of a pancreatic adenocarcinoma. Gastrointest
Endosc 2005; 61: 610-611
Voss M, Hammel P, Molas G, Palazzo L, Dancour A, O'Toole
D, Terris B, Degott C, Bernades P, Ruszniewski P. Value of
endoscopic ultrasound guided fine needle aspiration biopsy in
the diagnosis of solid pancreatic masses. Gut 2000; 46: 244-249
S- Editor Liu Y L- Editor Wang XL E- Editor Che YB

www.wjgnet.com

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

World J Gastroenterol 2007 June 14; 13(22): 3117-3121
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

RAPID COMMUNICATION

Specific serum immunoglobulin G to H pylori and CagA
in healthy children and adults (south-east of Iran)
A Jafarzadeh, MT Rezayati, M Nemati
+

A Jafarzadeh, MT Rezayati, M Nemati, Department of
Immunology, Medical School, Rafsanjan University of Medical
Sciences, Rafsanjan, Iran
Correspondence to: Abdollah Jafarzadeh, Associate Professor
of Immunology, Department of Immunology, Medical School,
Rafsanjan University of Medical Sciences, Rafsanjan,
Iran. jafarzadeh14@yahoo.com
Telephone: +98-391-5234003 Fax: +98-391-5225209
Received: 2007-02-14
Accepted: 2007-03-15

are more susceptible to infection with CagA strains
compared to females. The seroprevalence of anti-CagA
antibody was increased with age, up to 30 years and
then decreased. It was also found that the magnitude of
the IgG response to CagA decreased with advanced age.

Abstract

Jafarzadeh A, Rezayati MT, Nemati M. Specific serum
immunoglobulin G to H pylori and CagA in healthy children
and adults (south-east of Iran). World J Gastroenterol
2007; 13(22): 3117-3121

AIM: To evaluate the serologic IgG response to H pylori
and CagA across age groups and in healthy children and
adults.
METHODS: Totally, 386 children aged 1-15 years and
200 adults aged 20-60 years, were enrolled to study. The
serum samples of participant were tested for presence of
anti-H pylori and anti-CagA IgG by using ELISA method.
RESULTS: The seroprevalence of H pylori in adults was
significantly higher than that observed in children (67.5%
vs 46.6%; P < 0.000003). In children, the seropositivity
rate in males (51.9%) was significantly (P < 0.05) higher
than that observed in females (41.7%). The prevalence
of serum anti-CagA antibody was 72.8% and 67.4% in
infected children and adults, respectively. The mean titer
of serum anti-CagA antibodies was significantly higher
among children in comparison to adults (64.1 Uarb/mL
vs 30.7; P < 0.03). In infected children and adults the
prevalence of serum anti-CagA antibody was higher in
males compared to females (78.4% vs 66.3%; P = 0.07
and 75.6% vs 54.71%; P < 0.04, respectively). The
age-specific prevalence of anti-H pylori and anti-CagA
antibody (in infected subjects) was 37.6% and 59.57%
at age 1-5 years, 46.9% and 75% at age 6-10 years,
54.9% and 79.45% at age 11-15, 59.01% and 83.33%
at age 20-30 years, 66.6% and 60.52% at age 31-40
years, 73.46% and 63.88% at age 41-50 years and
75.75% and 60% at age 51-60 years with mean titer of
anti-CagA antibody of 75.94, 63.32, 57.11, 52.06, 23.62,
21.52 and 21.80 Uarb/mL, respectively. There was
significant difference between mean serum anti-CagA
antibody in age subgroups (P < 0.001).
CONCLUSION: These results showed that anti-H pylori
and anti-CagA antibodies were common in the children
and adults. The H pylori -specific antibodies influenced by
age and sex of subjects. Moreover, it seems that males

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Epidemiologic studies have clearly demonstrated a major
etiologic role of H pylori for several gastroduoedenal
diseases, including gastric ulcer, duodenal ulcer, gastric
MALT lymphoma, and distal gastric cancer [1] . The
prevalence of H pylori infection varies worldwide, but
higher colonization rates are seen in developing countries
compared to developed countries [2] . The infection is
usually acquired during childhood, although expression
of disease does not occur in most cases until adulthood.
There has been evidence for both transient and persistent
colonization in children[3], while colonization of adults
with H pylori almost always persists[4].
H pylori strains are genetically diverse. H pylori strains
may be divided into at least two subgroups based on the
expression (typeⅠ) or nonexpression (typeⅡ) of CagA
and the vacuolating cytotoxin. The cytotoxin-associated
gene A (CagA) has been identified as a possible marker of
virulence of H pylori[5]. In our previous study an association
was observed between infection with CagA + H pylori
strain and peptic ulcer[6]. Moreover, we observed higher
levels of serum inflammatory cytokine IL-18 in H pyloriinfected subjects, especially in individuals infected with
CagA+strains[7].
There is no study regarding the immune response
to H pylori and CagA antigen across age groups in the
same population. This study conducted for the first
time to evaluate the serologic immunoglobulin G (IgG)
response to H pylori and its virulence factor, CagA protein,
www.wjgnet.com
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across age groups and in children and adults with same
population and similar socioeconomic levels.

MATERIALS AND METHODS
Subjects
From August 2005 to December 2005, a cross-sectional
seroprevalence study was carried out among healthy
subjects in Rafsanjan (a city that located in Kerman
province, in South-East of Iran). In total, 586 subjects
were studied, including 386 children (187 males; 199
females aged 1-15 years with a mean of 9.5 ± 3.9 years)
and 200 adults (114 males; 86 females aged 20-60 years
with a mean of 48.1 ± 15.9 years). All subjects were
basically health, with no acute or chronic illnesses. The
criteria for enrolment included no history of peptic ulcer
disease, no abdominal surgery, no history of therapy for H
pylori infection, and no symptoms of upper gastrointestinal
disease such as indigestion, nausea, vomiting and epigastric
burning pain.
The adults were recruited among blood donors of
Rafsanjan Blood Transfusion Center. They were randomly
selected according to registration number. Children were
recruited from randomly selected schools and health
centers. School students were randomly selected for
blood samplings by their registration number and similar
procedures were performed in health centers. Informed
consents were obtained from parents of all the children
before blood samplings. Children were recruited if their
parents agreed with the study and signed the informed
consents. Moreover, this study was evaluated and approved
by the Ethical Committee of Rafsanjan University of
Medical Sciences.
Two to three mL of peripheral blood was collected
from each participant at the time of interviewing. The
blood samples were centrifuged and the sera were
separated and frozen at -20℃ until analysis.
Determination of H pylori-specific antibodies in serum
The serum levels of anti-H pylori immunoglobulin G
were measured by using the commercial enzyme-linked
immunosorbent assay (Trinity Biotec, Ireland); previously
the sensitivity of this method was estimated > 98% in
Iranian subjects[8]. According to manufacturer guideline the
results were obtained as Immune Status Ratio (ISR) and
the values of ≥ 1.1 were considered as positive. Serum
anti-CagA IgG antibody levels were also assayed by ELISA
method using commercial kits (Diagnostic Bioprobes,
Italy). The serum concentration of anti-CagA antibodies
were expressed in arbitrary units per milliliter (Uarb/mL)
as no International Standard is available. According to the
manufacturer’s guidelines the value of 5 Uarb/mL used to
discriminate the negative from positive samples. Moreover,
in each group the serum concentrations of anti-CagA
antibody expressed as mean ± SD.
Statistical analysis
Differences in variables were analyzed using KruskalWallis, Mann-Whitney U-test, Chi-square and Fisher exact
tests as appropriate and P-values of less than 0.05 were
considered significant. All the available data were analyzed
www.wjgnet.com
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Table 1 Seroprevalance of H pylori -specific antibodies in
children and adults
Group

Sex

Anti-H pylori
seropositivity

Anti-CagA
seropositivity

Mean titer of
anti-CagA
(Uarb/mL)

Children

Male
Female
Total
Male
Female
Total

97/187 (51.9%)
83/199 (41.7%)
180/386 (46.6%)
82/114 (71.9%)
53/86 (61.6%)
135/200(67.5%)

76/97 (78.4%)
55/83 (66.3%)
131/180 (72.8%)
62/82 (75.6%)
29/53 (54.71%)
91/135 (67.4%)

69.24 ± 70.83
58.08 ± 63.58
64.1 ± 67.63
31.6 ± 31.6
29.2 ± 34.1
30.7 ± 32.5

Adults

Table 2 Seroprevalance of H pylori -specific antibodies in
children and adults according to their age
Group

Anti-H pylori
Age
subgroup seropositivity
(yr)

Children

1-5
6-10
11-15
20-30
31-40
41-50
51-60
1-60

Adults

Total

Anti-CagA
seropositivity

47/125 (37.6%)
28/47 (59.57%)
60/128 (46.9%)
45/60 (75%)
73/133 (54.9%)
58/73 (79.45%)
36/61 (59.01%)
30/36 (83.33%)
38/57 (66.6%)
23/38 (60.52%)
36/49 (73.46%)
23/36 (63.88%)
25/33 (75.75%)
15/25 (60%)
315/586 (53.75%) 222/315 (70.47%)

Mean titer of
anti-CagA
(Uarb/mL)
75.94 ± 93.23
63.32 ± 59.63
57.11 ± 52.56
52.06 ± 40.43
23.62 ± 23.02
21.52 ± 24.43
21.80 ± 27.26
50.40 ± 53.22

by a computer program (SPSS, Chicago, IL, USA).

RESULTS
Anti-H pylori IgG seropositivity
The overall seroprevalence of anti-H pylori IgG was
53.75%. The seroprevalence of H pylori in adults was
significantly higher than that observed in children (67.5%
vs 46.6%; P < 0.000003). In children, the seropositivity
rate in males (51.9%) was significantly (P < 0.05) higher
than that observed in females (41.7%). Similarly, in adults,
the prevalence of anti-H pylori IgG was higher in males
compare to females but the difference did not reach
statistically, significant (Table 1).
In children, the age-specific seropositive rate of antiH pylori IgG was 37.6% at age 1-5 years, 46.9% at age 6-10
years and 54.9% at age 11-15 years. Furthermore, in adults
the age-specific seropositive rate of anti-H pylori IgG was
also 59.01% at age 20-30 years, 66.6% at age 31-40 years,
73.46% at age 41-50 years and 75.75% at age 51-60 years
(Table 2).
Anti-CagA seropositivity
The overall seroprevalence of anti-CagA IgG was 70.47%
in asymptomatic subjects. The prevalence of serum antiCagA antibody was 72.8% and 67.4% in infected children
and adults with mean titer of 64.1 ± 67.63 Uarb/mL
and 30.7 ± 32.5 Uarb/mL, respectively (Table 1). There
was no significant difference between children and adults
regarding the prevalence of serum anti-CagA antibodies,
although this parameter was higher in children than that in
adults. However, the mean titer of serum IgG anti-CagA
antibodies was significantly higher among children in
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comparison to adults (P < 0.03).
In infected children, the prevalence of serum anti-CagA
IgG antibodies was markedly higher in males compared to
females (78.4% vs 66.3%; P = 0.07). Moreover, in infected
adults, statistical analyses showed that the prevalence of
anti-CagA IgG antibodies was significantly higher in males
in comparison to females (75.6% vs 54.71%; P < 0.04). No
significant differences were observed between males and
females regarding titer of serum anti-CagA antibodies.
In infected children, the age-specific seropositive rate
of anti-CagA IgG was 59.57% at age 1-5 years, 75% at
age 6-10 years and 79.45% at age 11-15 years, with mean
titer of 75.94, 63.32 and 57.11 Uarb/mL. Furthermore, in
infected adults the age-specific seropositive rate of antiCagA IgG was also 83.33% at age 20-30 years, 60.52%
at age 31-40 years, 63.88% at age 41-50 years and 60% at
age 51-60 years, with mean titer of 52.06, 23.62, 21.52 and
21.80 Uarb/mL (Table 2). Accordingly, the seroprevalence
of anti-CagA antibody increased with age, up to 30 years
and then decreased. Collectively, the seroprevalence of
anti-CagA antibody in those with age of < 30 years was
significantly higher than that observed in those with age >
30 years (74.53% vs 61.61; P < 0.02). However, the mean
titer of serum anti-CagA antibodies declined with age
and statistical analysis showed that there was significant
differences between mean serum anti-CagA antibodies in
age subgroups (P < 0.001).

DISCUSSION
H pylori infection is thought to play an etiologic role
in several gastroduodenal diseases. In epidemiological
studies, serum assaying of anti-H pylori IgG or IgA
antibodies could offer high sensitivity and specificity and
could be used to determine prevalence of infection[9,10].
The results of the present study showed that the overall
seroprevalence of H pylori infection was 46.6% in children
at age 1-15 years and was 67.5% in adults at age 20-60
years. In different studies, the prevalence of H pylori is
variable in children such that it has been reported to be
60% at age 4 years in Ethiopia[11], 7.5% at age 2-18 years
in Czech[12], 44% at age 6 mo to 17 years in Turkey[13], 8%
at age 1-3 years in USA[14], 50% at age 1-9 years and 80%
at age 10-19 years in Libya[15], 56% at age 1-14 years in
Brazil[16], 96% at age 1-14 years in Saudi Arbia[17] and 80%
at age 1.5-5 years in Bangladesh[18]. Moreover, It has been
reported that children in Gambia and Nigeria are almost
all infected by H pylori at age of 5 years[19,20]. On the other
hand, Heuberger et al[21] reported the prevalence of H pylori
infection among adolescents between 15-16 years of
age, living in Switzerland. They found one of the lowest
prevalence of H pylori infection among adolescents in
Europe (7.3%). In developing countries, more than 80%
of adults are colonized with H pylori compared to 30%
of the adults in developed countries[2]. This discrepancy
may be attributed largely to differences including race
and ethnic background and socioeconomic status such as
family income, size of the family, type of housing, location
of housing, water supply, health and education level, and
keeping pets[22,23].
In the present study, there was an increasing in
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prevalence of H pylori infection with age, reached to a
maximum of 75.75% at 51-60 years of age, suggesting a
steady colonization rate through the different age groups.
This overall infection rate curve shared common patterns
with other reports, although considerable differences exist
between developing and developed countries[23].
The results of the present study showed that prevalence
of anti-CagA antibody was 72.8% and 67.4% among
asymptomatic infected children and adults, respectively.
The cagA has been identified as a possible marker of
virulence of H pylori[24]. Since the cytotoxin-associated
gene product (CagA, 120 to 140 kDa) encoded by cagA
is immunodominant, therefore, serum IgG antibodies to
the CagA antigen may be a reliable marker of carriage of a
CagA+ H pylori strain[25]. In other studies the seroprevalence
of anti-CagA antibody in H pylori-infected asymptomatic
subjects was evaluated, so that it has been reported to
be 56.7% at age 1-14 years in Saudia Arbia [17], 82% at
age 1.5-5 years in Bangladesh[18], 46.9% at age 1-15 years
in Mexico[26], 88.5% and 81.3% at age 3-12 years in two
counties of China[27], 83% at age 20-65 years in Turkey[28],
95.3% at age 20-60 years in Nigeria[29]. Accordingly, our
observation confirms that CagA seroprevalence varies
geographically.
Another interesting result obser ved here was
that the seroprevalence of anti-cagA was correlated
with age, increasing with age up to 30 years and then
decreasing. Moreover, the prevalence of anti-CagA
was higher in children compared to adults, although
the difference was not significant. Thus, susceptibility
to colonization by a CagA-positive strain seems to
be linked to age. This differential prevalence may be
related to differential expressions of gastric mucosa
adherence molecules, which may be modified by age
or may be dependent on differential expression of
bacterial adhesin molecules. It has been reported that
the fucosylated blood group antigens Lewis b (Leb) and
H-1 (the precursor for Leb) involve in adherence of
H pylori to human gastric epithelial cells in situ[30]. Ilver
et al[31] showed that 66% of clinical isolates of H pylori
bound the Leb antigen. These authors demonstrated that
bacterial adhesin to the Leb antigen is coded by the babA2
gene and is associated with the presence of the cagA
gene. An interesting and surprising finding, demonstrated
by Çelik et al[32], is that children probably have few Leb
receptors on surface mucous cells, which may explain the
fact that susceptibility to colonization with a CagA-positive
strain is linked to age.
An interesting finding was also that the mean titer of
the IgG response to CagA were significantly (P < 0.05)
higher in children compared to adults. Another result
observed here was that the decrease of antibody response
to CagA through the different groups of ages. Accordingly,
there is a reverse association between levels of anti-CagA
antibody with advanced age and it seems that the age of
the subjects may also influence the antibody response
to CagA. These observations are difficult to interpret
and may attributed to differential CagA expression and/
or changes in the host immune response with aging.
Moreover, one possibility would be that at older ages (>
30 years) the bacterial colonization may gradually shift
www.wjgnet.com
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from cagA-positive strains to cagA-negative strains and
accordingly, in some adult subjects cagA-positive strains
may disappear. Based on these observation it seems that
colonization of some younger subjects (< 30 years) with
CagA-positive strains is a transient phenomenon. The
accumulating evidence regarding CagA-positive strains are
more susceptible than CagA-negative strains to eradication
treatment[33] is consistent with our observation.
Our result showed that the prevalence of anti-H pylori
antibody was significantly higher in males compared to
females. Although, similar results reported from other
countries[34,35]. Our results were inconsistent with other
finding recently, reported in Iranian children from Tehran
city, so that higher prevalence of H pylori were found in
females compared to males[8]. However, in some studies
no significant statistical differences observed between
both sexes[25]. Our results for the first time showed that
the prevalence of anti-CagA was markedly higher in males
compared to females. Accordingly, it seems that the male
gender are more susceptible to infection and colonization
by CagA-positive strains of H pylori. This differential
susceptibility may be directly related to the long-term
clinical outcome. It has been reported that the males are
at a greater risk of H pylori clinical manifestations[36,37].
These observation may account for higher prevalence of
duodenal ulcer and gastric cancer in males. More studies
should be conducted to document that this differential
susceptibility in males and females can cause the male
preponderance to peptic ulcer disease and gastric cancer.
In conclusion the results of present study showed that
anti-H pylori and anti-CagA antibodies were common in
children and adults. In both groups the prevalence of H
pylori-specific antibodies were higher in males compared
to females. It seems that the males are more susceptible to
infection with CagA+ strains compared to females. It has
been shown that the prevalence of H pylori infection was
increased progressively with advanced age. However, the
seroprevalence of anti-CagA antibody was increased with
age, up to 30. It was also found that the magnitude of the
IgG response to CagA decreased with advanced age.
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Abstract
AIM: To evaluate the efficacy of telomerase activity
assay and peritoneal lavage cytology (PLC) examination
in peritoneal lavage fluid for the prediction of peritoneal
metastasis in gastric cancer patients, and to explore the
relationship between telomerase activity and proliferating
cell nuclear antigen expression.
METHODS: Telomeric repeated amplification protocol
(TRAP)-enzyme-linked immunosorbent assay (ELISA)
was performed to measure the telomerase activity in 60
patients with gastric cancer and 50 with peptic ulcer. PLC
analysis of the 60 patients with gastric cancer was used
for comparison. The proliferating cell nuclear antigen
(PCNA) in gastric carcinoma was immunohistochemically
examined.
RESULTS: The telomerase activity and PLC positive
rate in peritoneal lavage fluid from patients with
gastric cancer was 41.7% (25/60), and 25.0% (15/60),
respectively. The positive rate of telomerase activity
was significantly higher than that of PLC in the group
of pT4 (15/16 vs 9/16, P < 0.05), P1-3 (13/13 vs 9/13,
P < 0.05) and diffuse type (22/42 vs 13/42, P < 0.05).
The patients with positive telomerase activity, peritoneal
metastasis, and serosal invasion had significantly higher
levels of average PCNA proliferation index (PI), (55.00
± 6.59 vs 27.43 ± 7.72, 57.26 ± 10.18 vs 29.15 ± 8.31,
and 49.82 ± 6.74 vs 24.65 ± 7.33, respectively, P < 0.05).
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CONCLUSION: The TRAP assay for telomerase activity
is a useful adjunct for cytologic method in the diagnosis
of peritoneal micrometastasis and well related to higher
proliferating activity of gastric cancer. The results of
this study also suggest a promising future therapeutic
strategy for treating peritoneal dissemination based on
telomerase inhibition.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
In spite of improvement in postoperative survival with
advances in surgical techniques and multimodal adjuvant
therapy, gastric cancer nevertheless, remains a top
killer among cancers of the gastrointestinal tract[1]. The
postoperative survival rate of patients with advanced
gastric cancer is very low[2-4]. Peritoneal dissemination is the
most frequent pattern of recurrence in patients with gastric
carcinoma[5]. About 50%-60% of gastric cancer patients
with serosal invasion after curative resection eventually
developed peritoneal metastases [6,7]. The incidence of
peritoneal recurrence after curative resection was 13.46%
and the survival after peritoneal recurrence was 4.9 mo in
average[8]. The 5-year survival rate of patients with positive
peritoneal lavage cytology was only 2%[9]. However, the
mechanism of peritoneal dissemination has not yet been
clearly defined so far. Free cancer cells exfoliated from
cancer lesions have been postulated as the main cause of
metastasis[5,8-10].
Recent advances on the molecular mechanisms of
peritoneal dissemination have elucidated some of the
target molecules and the development of new multimodal
therapies in an attempt to eliminate peritoneal exfoliated

Da MX et al . Telomerase activity of peritoneal lavage fluid in gastric cancer

free cancer cells has also improved survival[11]. Of course,
it is very important to develop reliable methods for
the accurate selection of patients for whom adjuvant
intraperitoneal therapy will be required. PLC examination
has been generally considered as the gold standard for
predicting peritoneal recurrences and is seen as one of
the most accurate prognostic tools[10]. In the absence of
macroscopic peritoneal metastases, positive cytological
results have been shown to correlate with the survival
of patients with advanced gastric cancer [12]. However,
the sensitivity of this assay is relatively low[13-15], ranging
from 21%-35%[9]. Some patients with negative cytological
findings have been diagnosed later with peritoneal
metastasis [15] . Hence, further studies are required to
eliminate the above limitations to improve the accuracy of
this technique.
Telomerase is a ribonucleoprotein polymerase that
adds TTAGGG repeats to telomeric ends[16]. Telomerase
activity is closely linked to attainment of cellular
immortality, while lack of such activity contributes to
cellular senescence. Telomerase is inactive in most normal
somatic tissues except for germ and some stem cells, but
has been found to be reactivated in approximately 85%
of human malignancies[17,18]. Telomerase activity can be
detected in trace amount of tissues, such as that collected
in fine-needle aspiration cytology or even in the body
fluid of cancer patients[19]. Recently, telomerase expression
also was found in peritoneal fluid of patients with gastric
cancer[20-22]. The presence of telomerase was associated
with advanced disease or peritoneal dissemination.
In the present study, we reported the telomerase
activity of peritoneal lavage fluid and expression of PCNA
in gastric tissues. We aimed to compare the efficacy of
telomerase activity assay and conventional cytological
examination of peritoneal lavage fluid for prediction of
peritoneal metastasis in gastric cancer, and to explore the
relationship between telomerase activity and proliferating
cell nuclear antigen expression.

MATERIALS AND METHODS
Patients
Between January 2004 and January 2005, we observed
60 patients with gastric cancer who underwent surgical
resection at West China Hospital, including 40 men and 20
women, aged from 30-78 years (mean of 58 years). Another
50 patients with peptic ulcer who underwent surgical
resection at same hospital were also studied as control,
including 27 men and 23 women, ranged in age from 26
to 60 years (mean of 43 years). No patient had received
preoperative radiation therapy or chemotherapy. Whole
body bone scan and sonography were performed for all of
the patients to rule out distant metastases. Histological type
was established on haematoxylin/eosin stained sections
according to Lauren’s classification. Well and moderately
differentiated tubular adenocarcinomas were referred to
as the intestinal type, while poorly differentiated, signet
ring cells and mucinous adenocarcinomas were referred to
as the diffuse type. The histological type included diffuse
type in 42 and intestinal type in 18. According to the
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criteria of the International Union Against Cancer (UICC)
TNM Classification 5th edition, the depth of invasion
was classified as follows: T1 in 3, T2 in 17, T3 in 24, and
T4 in 16. Macroscopically evident peritoneal metastasis
(P) and microscopically evident serosal invasion were also
confirmed by histopathology.
Peritoneal lavage and samples
Specimens of lesion tissue and peritoneal lavage fluid
were collected at the time of operation from patients
undergoing surgical resection. Immediately after the
laparotomy, before the manipulation of the process, 50 mL
of isotonic sodium chloride was instilled into the left
subphrenic or Douglas cavities with 16F catheter and
recovered after being gently stirred. If ascites was identified
within the peritoneum, the fluids were sucked directly.
The lavage fluids were collected in heparinized tubes and
centrifuged at 3000 r/min for 10 min at 4℃ (centrifugate
radius: 90 mm). The supernatant was discarded. The
superficial “white” layer of the sediment was picked up
with a Pasteur pipette and was smeared on three glass
slides and fixed for 1 min in Delaunay’s solution (1 L
Delaunay’s contains 500 mL of absolute alcohol, 500 mL
of pure acetone, and 1 mL of 3 mol/L trichloracetic acid)
for Papanicolaou staining. At the end of this examination,
the rest of the material was suspended in phosphate
buffered saline (PBS) and the centrifugation step was
repeated. To avoid contamination with red blood cells that
could potentially interfere with polymerase chain reaction
(PCR), cells were washed 2-4 times with ice-cold hypotonic
solution (50 mmol/L KCl) and then kept frozen at -80℃
until telomerase assay. Tissue specimens were obtained
from the mucosal surface of the resected lesions. Lesion
material (10-20 g) was dissected from cancers without
interfering with resection margins or the macroscopic
appearance of the lesion. Necrotic areas from the centre
of the lesions were avoided. After surgical removal, all
the samples were snap frozen immediately and stored at
-80℃ until further use. Telomerase assay and cytological
examination were performed independently in a blinded
manner.
Immunohistochemical assay
The streptavidin peroxidase method was used to quantify
PCNA protein expression. All reagents were purchased
from Beijing Zhongshan Biotechnology Co., Ltd. Resected
gastric cancer samples were fixed in 10% buffered formalin
and embedded in paraffin, and 4-μm sections were cut,
dewaxed and rehydrated by sequential immersion in xylene,
graded ethanol and water. Mouse anti-PCNA monoclonal
antibody (Santa Cruz, USA) and biotinylated goat antimouse IgG antibody (Santa Cruz, USA) were used as the
first and second antibodies, respectively. Endogenous
peroxidase activity was blocked by 3% hydrogen peroxide
for 15 min in methanol. Dewaxed tissue sections were
heated in a steamer for 2 min to retrieve the antigens
and cooled to room temperature. Tissue sections after
the enzyme digestion were then treated with the primary
antibodies against PCNA. After washing in PBS and
exposure to 10% normal goat serum for 10 min to reduce
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the nonspecific antibody binding, the slides were incubated
at 37℃ with mouse monoclonal antibody against PCNA
(Santa Cruz, USA) at 1:100 dilution, in humid chambers
for 1 h. After further PBS washing, slides were incubated
at 37℃ with biotinylated goat anti-mouse IgG antibody
in humid chambers for 20 min. Primary antibodies were
visualized with an Envision System (DAKO, Denmark).
After further PBS washing, slides were incubated with
substrate diaminobenzidine and hydrogen peroxide
for 10 min. Finally, sections were counterstained with
hematoxylin. Negative control experiments were carried
out as above by normal rabbit serum for the primary
antibodies. Sections from previously studied cases of
gastric cancer known to express PCNA were used as
positive controls.
The assessment of all the samples was conducted
blindly by calculating the average ratio of positive cells
in 10 vision fields (the plasma staining brown yellow)
under a × 400 microscope. The sections were initially
scanned at low power to determine the areas that were
evenly labeled. The cases were evaluated independently
by two pathologists, and discrepancies in estimation were
reconciled by concurrent review using a multiheaded
microscope. At least 10 high-power fields were chosen
randomly, and 2000 cells were counted. Tumor sections
were considered negative if staining was absent or present
in 10% of the tumor cells. In each specimen, PI was
expressed as a percentage of positive nuclei per total nuclei
counted in the section.
Telomerase activity assay
Telomerase activity was measured using a telomerase
polymerase chain reaction (PCR) ELISA kit (Roche
D i a g n o s t i cs G m b H , G e r m a n y ) a c c o r d i n g t o t h e
manufacturer’s protocol. The frozen samples were
suspended in 200 mL lysis reagent, pre-cooled on ice by
retropipetting at least 3 times and incubated on ice for
30 min. The lysate was centrifuged at 16 000 × g for 20
min at 4℃. The supernatant was removed carefully and
transferred to a fresh tube for the TRAP assay. For each
sample to be tested and the controls, 25 μ L reaction
mixture was transferred into a tube suitable for PCR
amplification. The extended products were amplified by
PCR using Taq polymerase, the P1-TS, P2 primers and
nucleotides. After a 30 min incubation at 25℃ to allow
the telomerase mediated extension of the TS primer and
followed by 94℃ for 10 min to inactivate the telomerase,
the reaction mixture was subjected to 30 PCR cycles at
94℃ for 30 s, 50℃ for 30 s, and 72℃ for 90 s on a DNA
thermocycler (GeneAmp PCR System 9700, ABI, USA).
Using the ELISA method, the amplified products were
immobilized onto streptavidin-coated microtiter plates
via biotin-streptavidin interaction, and then detected
by anti-digoxigenin antibody conjugated to peroxidase.
After the addition of the peroxidase substrate (3, 3’, 5, 5’tetramethyl benzidine), the amount of TRAP products
were determined by measurement of their absorbance at
450 nm (with a reference wave length of 690 nm). The
maximum value of absorbance for the negative control
should be 0.25 A 450 nm -A 690 nm units. The absorbance
www.wjgnet.com
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readings obtained with the positive control (supplied with
the kit) should be higher than 1.5 A 450 nm-A 690 nm units
after 20 min substrate reaction. Samples are regarded as
telomerase-positive if the difference in absorbance (ΔA) is
higher than 0.2 A450 nm-A690 nm units.
Statistical analysis
Data were analyzed by t test and χ2 test. P < 0.05 was
considered statistically significant. The SPSS software
version 12.0 was used for statistical analysis.

RESULTS
Expression of telomerase activity in gastric cancer tissue
and peritoneal lavage fluid
In the tissue specimens, telomerase activity was positive
in 31 (51.7%) of 60 patients with gastric cancer, and 2
(4%) of 50 patients with peptic ulcer (P < 0.005). In the
peritoneal lavage fluid, telomerase activity was found
positive in 25 (41.7%) of 60 patients with gastric cancer,
and none in peptic ulcer subjects (P < 0.005). Although
the telomerase activity positive rate in tissues tended to be
higher than that in the peritoneal lavage fluid, there was no
significant difference statistically (P > 0.05). The sensitivity,
specificity, positive predictive value, and negative predictive
value of telomerase activity in peritoneal lavage fluid from
patients with gastric cancer were 84%, 91%, 91%, and
83%, respectively.
Comparison between telomerase activity assay and
conventional cytological method
Conventional cytological examinations were performed
routinely for g astric cancer samples tested by the
telomerase activity assay. All 50 control specimens were
cytologically negative. The positive rate of telomerase
activity in peritoneal lavage fluid collected from patients
with gastric cancer was 41.7% (25/60), which was well
related to serosal invasion, Lauren’s classification, depth
of infiltration and peritoneal metastasis of cancer, and
rose with the increased depth of infiltration and serosainvolved areas (P < 0.05). The positive rate of PLC was
25.0% (15/60), which was obviously high in the group
with macroscopic peritoneal metastasis (the group of P1-3),
and also increased with the increased depth of infiltration
and serosa-involved areas (P < 0.05). All PLC positive
cases were telomerase test positive in their peritoneal
lavage fluids. Of the 45 PLC negative cases, 4 cases with
macroscopic peritoneal metastasis (P1-3) and 6 cases with
serosal invasion were telomerase test positive. Although
the positive rate of telomerase activity in peritoneal
lavage fluids from patients with gastric cancer was not
significantly higher than that of PLC in general, it was
significantly higher than that of PLC in the group of pT4,
P1-3 and diffuse type (Table 1).
Relationship between telomerase activity and proliferating
cell nuclear antigen expression
As shown in Figure 1, the PCNA protein was expressed
intensely, mainly in the nucleus of gastric cancer cells.
PCNA expression was positive in 51 (85%) of 60 patients
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Table 1 Comparison of telomerase activity and cytological test
in peritoneal lavage fluid from patients with gastric cancer
Clinicopathological
features
Lauren’s classification
Intestinal
Diffuse
Invasion depth
PT1-2
PT3
PT4
Peritoneal metastasis
P0
P1-3
Serosal invasion
Absent
Present
Serosa-involved
areas (cm2)
0
< 10
10-20
> 20

n

18
42
20
24
16
47
13
23
37

23
7
17
13

Telomerase activity
Positive cases P
n (%)
0.01
3 (16.7)
22 (52.4)e
0
0 (0)
10 (41.7)
15 (93.8)a,e
0.035
12 (25.5)
13 (100.0)e
0.014
5 (21.7)
20 (54.1)
0
1 (4.3)
1 (14.3)
12 (70.6)
11 (84.6)c

PLC
Positive cases P
n (%)
0.104
2 (11.1)
13 (31.0)
0.001
0 (0)
6 (25.0)
9 (56.3)a
0
6 (12.8)
9 (69.2)
0.092
3 (13.0)
12 (32.4)
0
0 (0)
0 (0)
7 (41.2)
8 (61.5)c

a

P < 0.05 vs pT1-2 and pT3; cP < 0.05 vs 0, < 10 and 10-20; eP < 0.05 vs PLC.

with gastric carcinoma. In 25 patients with positive
telomerase activity, the PI was significantly higher than
those with negative telomerase activity (55.00 ± 6.59 vs
27.43 ± 7.72, P < 0.05). The 13 patients with macroscopic
peritoneal metastasis had significantly higher levels of PI
than negative ones (57.26 ± 10.18 vs 29.15 ± 8.31, P < 0.05).
Furthermore, the PI in 37 patients with serosal invasion
was significantly higher than in those without serosal
invasion (49.82 ± 6.74 vs 24.65 ± 7.33, P < 0.05).

DISCUSSION
To date, there has been no effective therapy for peritoneal
carcinomatosis. Therefore, attention has been paid to
detecting peritoneal free cancer cells in patients with
advanced gastric carcinoma without overt peritoneal
metastasis to prevent peritoneal metastasis [23]. Several
studies have shown that cytological examination of
peritoneal lavage fluid is still the gold standard for
assessing the presence of free cancer cells in the peritoneal
cavity [10,12] . However, cytological examination lacks
sensitivity for detecting free cancer cells[9,15]. Telomerase
activity in body fluids, as measured by the TRAP assay, is a
sensitive potential tumor marker that might help increase
the cancer detection rate and the cancer treatment success
rate when combined with conventional cytopathological
methods[24,25].
High expression of telomerase was demonstrated in
gastric cancer. Hiyama et al[26] first reported telomerase
activity in advanced gastric cancer tissue and its metastases.
The survival time of patients with detectable telomerase
activity in their tumors was significantly shorter than those
without telomerase activity. In another study by Tahara
et al [27] , reactivation of telomerase was found to be
involved at the early stage of gastric carcinogenesis and

A
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Figure 1 PCNA was expressed in cell nuclear of gastric cancer (SP, × 200). A:
tubular adenocarcinoma; B: mucinous adenocarcinoma.

its expression correlated well with malignant progression
of the cancer. In the present study, telomerase activity
was detected in 51.7% (31/60) of gastric cancer tissue
specimens and 41.7% (25/60) of these cases in the
peritoneal lavage fluid. These results were comparable to
the findings of other studies on gastric cancer[20,21].
This study demonstrated significant correlations
between positive rate of telomerase activity in peritoneal
lavage fluid from patients with gastric cancer and invasion
depth of cancer, serosal invasion, histological types,
serosa-involved areas, presence and extent of peritoneal
metastasis, which are important biological features of
gastric cancer and reflect the invasiveness of tumor cells.
In particular, our data demonstrated that 100% (13/13) of
gastric cancers with peritoneal metastasis had detectable
telomerase activity in peritoneal lavage fluid, although the
sample size was relatively small. Thus, telomerase activity
expression in peritoneal lavage fluid can be used as an
indication of the invasive potential and poor prognosis of
the gastric cancer.
With regard to clinically evident peritoneal metastasis,
100% (13/13) of these cases showed detectable telomerase
activity, while only 69.2% (9/13) of these cases produced
positive cytological results, the positive rate of telomerase
activity was also significantly higher than that of PLC in
the group of pT4 and diffuse type, thus confirming that
telomerase assay is more sensitive than PLC methods. The
positive rate of tolemerase activity of the 37 specimens
with serosal invasion was 54.1% (20/37), while PLC
positive rate of those was 32.4% (12/37). As we know,
serosal invasion appears to be mainly responsible for the
exfoliation of free cancer cells into the peritoneal cavity[11].
It has been reported that approximately half of patients
with serosal invasion develop peritoneal recurrence
even if curative resection is performed[6,7,28]. In general,
although using the presence of telomerase activity did not
show results that surpass PLC methods, the test might
offer the possibility of detecting cancer cells in cytologynegative specimens. Our data suggest that the telomerase
test in peritoneal fluids can be used as an adjuvant to
PLC test in the diagnosis of peritoneal micrometastasis,
particularly in cases of negative cytology. In these cases, a
review of peritoneal histocytology is advised. Statistically,
the sensitivity and specificity of telomerase activity in
peritoneal lavage fluid for gastric cancer was 84% and
91%, respectively. Our study also indicates that telomerase
activity is a candidate molecular marker for the presence
of free cancer cells in peritoneal cavity.
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Telomerase activity was not detected in peritoneal
lavage fluids in some cases of gastric cancer, which
might be attributable to several reasons. One possible
explanation may be that the concentration of free cancer
cells in peritoneal lavage fluids was insufficient. We can
not completely rule out the possibility of technical error
or that perhaps some peritoneal lavage fluids did not
contain cancer cells. However, the peritoneal lavage fluid
can also be contaminated with lymphocytes or other blood
cells in the presence of inflammation or ulceration [29].
The presence of these cells may give rise to false-positive
results in TRAP assay[30]. Further studies are required to
eliminate the above limitations to improve the accuracy of
this technique.
The rate of PCNA expression in 60 gastric carcinoma
specimens was 85% (51/60).The patients with positive
telomerase activity, peritoneal metastasis, and serosal
invasion showed significantly higher levels of PI. It was
suggested that telomerase activity was well related to
higher proliferating activity of gastric cancer, which was
the very important reason of peritoneal carcinomatosis
and serosal invasion.
In conclusion, to detection of telomerase activity in
peritoneal lavage fluid and tumor cells by cytology could be
useful to predict subclinical metastasis to the peritoneum
in patients with gastric cancer. Telomerase activity assay
could be a useful adjunct for cytologic method in the
diagnosis of peritoneal micrometastasis and well related
to higher proliferating activity of gastric cancer. Our
results also suggest a promising future therapeutic strategy
for peritoneal dissemination of gastric cancer based on
telomerase inhibition.

Peer review

The aim of this study was to evaluate the efficacy of telomerase activity assay and
conventional cytological examination in peritoneal lavage fluid for the prediction
of peritoneal metastasis in gastric cancer. The authors compared the positive rate
of telomerase activity with that of cytology and found that telomerase activity has
stronger correlations with clinicopathological factors than cytology. The authors
concluded that telomerase activity could be a useful adjunct for cytologic method
in the diagnosis of peritoneal micrometastasis and malignant progression.
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INTRODUCTION
Abstract
AIM: To analyze the clinical manifestations and the
effectiveness of therapy in patients with orthotopic liver
transplantation (OLT)-associated hepatic artery stenosis
(HAS) and non-anastomosis bile duct stricture.
METHODS: Nine cases were diagnosed as HAS and
non-anastomosis bile duct stricture. Percutaneous
transluminal angioplasty (PTA) was performed in four
HAS cases, and expectant treatment in other five HAS
cases; percutaneous transhepatic bile drainage, balloon
dilation, stent placement were performed in all nine
cases.
RESULTS: Diffuse intra- and extra-bile duct stricture
was observed in nine cases, which was associated with
bile mud siltation and biliary infection. Obstruction of the
bile duct was improved obviously or removed. Life span/
follow-up period was 13-30 mo after PTA of four HAS
cases, 6-23 mo without PTA of other five cases.
CONCLUSION: P r o g r e s s i v e , n o n - a n a s t o m o s i s ,
and diffuse bile duct stricture are the characteristic
manifestations of HAS and non-anastomosis bile duct
stricture after OLT. These are often associated with bile
mud siltation, biliary infection, and ultimate liver failure.
Interventional therapy is significantly beneficial.
© 2007 The WJG Press. All rights reserved.
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The pathogenesis of bile duct obstruction following
orthotopic liver transplantation (OLT) is multifactorial,
and is associated with significant morbidity and mortality[1].
With the improvement of pipeline anastomosis methods
and techniques, the rate of bile duct anastomosis stricture
and bile duct leak caused by these techniques has declined,
and non-anastomosis bile duct stricture has become
the major bile duct complication after OLT. Hepatic
artery stricture (HAS) is an important cause of nonanastomosis bile duct stricture following OLT. The use of
interventional therapy for resolving blood vessel and bile
duct complications associated with liver transplantation
has been indicated. However, the application of such
techniques for both the hepatic artery and bile duct within
an individual patient is rare. Here, we retrospectively
analyzed the treatment (including dual intervention) and
outcome of nine patients diagnosed with both HAS and
non-stoma bile duct stricture following OLT.

MATERIALS AND METHODS
Patients
From September 2003 to October 2006, 82 of 643 OLT
patients had bile duct complications, 9 of which were
diagnosed both HAS and non-stoma bile duct stricture
(Table 1). Eight of these patients were male and 1 female.
The average age was 45.1 (range, 32-65) years. The
indications for liver transplantation were hepatic cirrhosis
in four patients, hepatocellular cancer in two patients,
recurrent hepatitis in two patients, and hepatic giant
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Table 1 General data pertaining to patients with HAS and non-stoma bile duct stricture
Hepatic artery

Case

Sex

Age

Primary disease

Anastomosis

Manifestation

1
2
3
4
5
6
7
8
9

M
M
M
M
M
M
M
F
M

41
51
42
32
65
37
40
59
39

Hepatic cirrhosis
HCC
Hemangiomas
Hepatic cirrhosis
HCC
Hepatic cirrhosis
Re-hepatitis
Re-hepatitis
Hepatic cirrhosis

End-to-end
End-to-end
End-to-end
End-to-end
End-to-end
End-to-end
Bypass
Bypass
End-to-end

Stoma stricture
Stoma stricture
Stoma stricture
Stoma stricture
HA occlusion
Stoma stricture
Stoma stricture
Stoma stricture
Stoma stricture

Bile duct
Time after
OLT (mo)
6
3
4d
2
15
12
3
1
9

Anastomosis

Manifestation

End-to-end
End-to-end
End-to-end
End-to-end
End-to-end
End-to-end
R-Y
R-Y
End-to-end

Diffuse stricture
Diffuse stricture
Diffuse stricture
Diffuse stricture
Diffuse stricture
Diffuse stricture
Diffuse stricture
Diffuse stricture
Diffuse stricture

Time after
OLT (mo)
7
4
10
21
17
15
4
3
11

HCC: Hepatocellular carcinoma; Re-hepatitis: Recurrent hepatitis; R-Y: Roux-en-Y anastomosis.

Table 2 Results of intervention therapy in patients with HAS and ITBL

Case

Hepatic artery
Time after
OLT (mo)

Bile duct

Treatmen

Frequency

Outcome

Stent

1

Time after
OLT (mo)

Survival/Follow-up
period (mo)

Treatment

Frequency Outcome

PTBD

1

Smooth drainage

21

8
10
21
17

PTBD/balloon
Stent/PTBD
PTBD
PTBD/balloon

4∕2
1∕4
3
3∕2

Smooth drainage
Removal 5 mo later
Smooth drainage
Smooth drainage

PTBD/balloon
PTBD
PTBD/balloon
/bile mud
removal
PTBD/balloon

1∕1
2
8∕1

Smooth drainage
Smooth drainage
Smooth drainage

17
18
30
23/died of
liver failure
18
6
9/third OLT

2∕1

Smooth drainage

13

1

6

2
3
4
5

8
4d
2
15

Stent
Stent
Balloon
Expectant

1
1
1
0

Disengaged
(stent occlusion
3 mo later)
Disengaged
Disengaged
Disengaged
Occlusion

7

6
7
8

12
3
1

Expectant
Expectant
Expectant

0
0
0

Stricture
Stricture
Stricture

15
4
3

9

10

Expectant

0

Stricture

11

hemangioma in one patient. The OLT modus operandi
was improved piggyback liver transplantation. End-to-end
HA anastomosis was performed in 7, and blood vessel
bypass in 2 patients. Seven patients received choledochocholedochostomy, and 2 choledochojejunostomy.
Diagnosis and treatment of HAS
HAS was diagnosed by color Doppler flow image (CDFI),
computed tomography (CT), magnetic resonance imaging
(MRI) and digital subtraction angiography (DSA). DSA
is the gold standard. The criteria for CDFI were an intrahepatic arterial blood flow resistance index ≤ 0.5 and an
acceleration time of ≥ 0.08 s. HAS was defined by CT
and MR angiography when a stricture ratio ≥ 50% was
evident. Diagnosis by DSA was indicated when HAS was
≥ 40%, and when the pressure difference between preand post-stricture was ≥ 5 cmH2O.
Percutaneous transluminal angioplasty (PTA) or
expectant treatment was used to treat stenotic HA.
Diagnosis and treatment of non-stoma bile duct stricture
Non-stoma bile duct stricture was diagnosed by physical
examination, liver function tests and image analysis. Direct
cholangiography is the gold standard. If diffuse intra- and
extra-hepatic bile duct stricture, especially intra-hepatic
and hepatic hilum bile duct stricture, but few bile duct

expansions were shown by direct cholangiography, a nonstoma bile duct stricture could be diagnosed.
Interventional therapy consisted of percutaneous
transhepatic bile drainage (PTBD), percutaneous transhepatic
bile duct balloon dilation and/or stent placement, and removal
of bile duct mud via basket extraction, and administration of
antibiotics.
Evaluation of therapeutic effect
The following parameters were considered to indicate
effective outcome: HAS ratio < 50%; pressure difference
between pre- and post-stricture ≤ 3 cm H2O; decreased
fever, jaundice, abdominal pain; and alkaline phosphatase
(ALP), γ-glutamyltransferase (GGT), total bilirubin (TB)
and direct bilirubin (DB) levels decreased by > 50%.

RESULTS
HAS was found in eight patients, and one hepatic artery
occlusion in one patient. Non-anastomosis and diffuse bile
duct stricture was seen in nine patients, associated with bile
mud siltation, biliary infection, and two patients aggravated
to ultimate liver failure (Table 2).
HA and bile duct intervention therapy
PTA was successfully performed in 4 HAS patients
www.wjgnet.com
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Figure 1 Images pertaining to case 2. HA stoma stricture was diagnosed 3 mo after OLT, no treatment was performed; coronary artery stent placement was performed
after 5 mo. Diffuse intra- and extra- hepatic bile duct stricture was apparent 8 mo after OLT. PTBD and balloon dilation therapy were performed. A: Tardus parvus frequency
spectrum shown by color Doppler ultrasonography indicating HA stoma stricture; B: HA stoma stricture as indicated by celiac axis angiography; C: Celiac axis angiography
revealing HAS disappearance following HA stent placement; D: Treatment of bile duct stricture by percutaneous transhepatic balloon dilation; E: Cholangiography revealed
bile duct stiffness, rare branching, and filling defect in the bile duct lumina.

(Figures 1A-C and 2A). Stents were inserted in 3 of these
4 individuals while balloon dilation was performed in
the other. Stricture was disengaged after PTA. Stent reocclusion was detected by CDFI in one patient 3 mo
after intervention, and a bypass circuit was established
around the stent. Blood flow was normal in the other three
patients.
Diffuse stricture of the hepatic hilum and intra-hepatic
bile duct was evident in 3 patients (Figures 1D, E and 2B).
In an another case, common bile duct stoma stricture was
initially diagnosed. This evolved to diffuse stricture of the
hepatic hilum and intra-hepatic bile duct 3 mo later. PTBD
was initiated in all 4 patients. Simultaneous balloon dilation
of the left and right hepatic and common bile duct, and
further stent placement were performed in one patient.
Bile duct clysis with heparinate and physiological saline
was performed regularly. Chronically implanted bile duct
drainage tubes were replaced every 1 to 2 mo. Bile duct
drainage tube was retained for a long time.
Following intervention, symptoms related to fever,
jaundice, abdominal pain improved markedly in all 4
patients. GGT, ALP, TB and DB levels decreased by more
than 50% in all patients, and in two patients, fell to the
normal reference range. Post-intervention survival/followup period ranged from 17 to 30 mo.
Intervention therapy for bile duct only
Four of the remaining 5 patients were diagnosed with
HAS; one with HA occlusion. PTA was not performed in
any of these patients. Expectant treatment was performed
in each case. Hepatic artery stenosis or occlusion was
apparent in all of these individuals.
Common bile duct stoma, which evolved to diffuse

www.wjgnet.com

intra- and extra-hepatic stricture, was confirmed in all 5
patients. PTBD was performed in all cases. Simultaneous
balloon dilation of the bile duct was undertaken in 4
patients, while bile mud was removed via net-basket
extraction in the other. Bile duct clysis with heparinate and
physiological saline was performed regularly. Chronically
implanted bile duct drainage tubes were replaced every 1
to 2 mo.
Following intervention, symptoms related to fever,
jaundice, abdominal pain improved markedly in all 5
patients. GGT, ALP, TB and DB levels decreased by more
than 50% in all patients. Post-intervention survival/followup period ranged from 6, 9, 13 and 18 to 23 mo. Liver
failure occurred in two patients, one of whom received
another OLT, while the other died.
Specific case example
Case 2 (Figure 1) was a 51-year-old male. OLT was
perfor med due to liver cir rhosis and hepatic cell
carcinoma.
HAS was confirmed by CDFI (Figure 1A) and CT
scanning 3 mo after OLT. However, no interventional
therapy was initiated due to the lack of signs and
symptoms. Hepatic arteriography revealed hepatic arterial
stoma stricture 8 mo after OLT (degree 70%, length 5
mm) (Figure 1B). Balloon dilation and stent placement
were performed, and stricture was subsequently eliminated
(Figure 1C). Hepatic artery blood flow was smooth, and
remained so for 12 mo follow-up period as determined by
CDFI.
Common bile duct stoma stricture was diagnosed by
CDFI 4 mo after OLT. Expectant therapy was chosen.
However, this evolved to diffuse stricture of the hepatic
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hilum and intra-hepatic bile duct 4 mo later. PTBD and
bile duct balloon dilation were performed. The drainage
tube was retained and replaced every month.
GGT，ALP, TB，and DB levels proceeded to
decrease after intervention, with TB value stabilizing at
100 ng/mL. The patient was discharged with drainage
in situ, and remained symptom-free at 17 mo follow-up.

DISCUSSION
Ischemia-reperfusion injury to bile duct at OLT
During the process of liver transplantation, there are
periods of unequal cold and warm ischemia, which may
lead to ischemia-reperfusion injury. When the bile duct
becomes ischemic, epithelial cells produce less ATP,
leading to calcium overload and subsequent membrane
disorganization. This may cause endothelial xerochase,
ablation, full-thickness mucosal necrosis/perforation, and
fiber formation. These changes can promote bile duct
stricture[2]. Ostroff et al[3] have suggested that if the time
interval between HA and portal vein blood flow recovery
is excessive, the bile system may be exposed to long-term
warm ischemic conditions. Partial blood flow restoration
at this point may further result in HA contraflow, and
induce the formation of microthrombi in the HA, leading
to consequent bile duct stricture following reconstruction.
This theory implies that if portal vein and HA blood flow
is restored simultaneously, the extent of ischemic injury to
the bile duct should be lessened. In our cohort of patients,
the time interval between HA and portal vein reopening
was 5 to 16 min. This cannot indicate that the time of HA
anastomosis definitively relates to non-stoma bile duct
stricture following OLT.
Non-stoma bile duct stricture following OLT
The pathogenesis of non-stoma bile duct stricture
following OLT is not clear. According to the causes of
non-stoma bile duct stricture, it can be divided into two
types: ischemic and immunologic. The possible causes of
ischemic type non-stoma bile duct stricture include HAS,
hepatic artery thrombosis, long donor liver cold/warm
ischemia time[4]. Hintze et al[4] thought that the breakdown
of bile duct blood supply and damage of the hepatic
artery could increase the rate of non-stoma bile duct
stricture following OLT. Zheng et al[5] reported that 3 of 5
hepatic artery thromboses and 8 HAS patients had hepatic
hilum and intra-hepatic bile duct stricture, accounting for
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Figure 2 Images pertaining to case 3. HAS was
diagnosed 4 d after OLT, and coronary artery
stent placement was performed. Diffuse intraand extra-hepatic bile duct stricture was apparent
10 mo after OLT. PTBD, balloon dilation and bile
duct stent placement therapy were performed. A:
Computed tomography angiography revealing HAS
disappearance following HA stent placement; B:
Cholangiography showing bile duct stiffness, rare
branching, and filling defect in the bile duct lumina.

45.5%, which exceeded 23.5% of which without earlier
period poor blood supply in the hepatic artery among 32
cases of bile duct complication. Stange et al[6] reported
that more than 50% of patients with HAS following
OLT also had cholangitis, non-stoma bile duct necrosis,
or liver abscess. Close to half of these patients required
further transplantation. All 9 cases presented in the current
report had both HAS or hepatic artery thrombosis and
non-stoma bile duct stricture, suggesting that HAS is an
important mediator of non-stoma bile duct stricture.
Relationship between non-stoma bile duct stricture and
treatment of HAS following OLT
Through prompt PTA operation, HAS could be eliminated,
normal blood flow in hepatic artery could be recovered,
bile duct blood supply could be improved, therefore, the
non-stoma bile duct stricture could be delayed or avoided
following OLT [7]. When HAS was not eliminated in a
timely manner, the probability of non-stoma bile duct
stricture occurrence was increased. In our study, through
PTA in four HAS patients following OLT, the time of
bile duct stricture occurrence was delayed, symptoms of
fever and abdominal pain improved significantly, the values
of hemobilirubin decreased obviously and survival or
follow-up period was prolonged, thereby emphasizing the
importance of timely and correct interventional therapy
for HAS.
Value of interventional therapy in non-stoma bile duct
stricture
The treatment of bile duct stricture following OLT has
been transitioned from pure operation to non-operation[8].
Indeed 90% of bile duct obstruction can be improved
through balloon expansion, endoprosthesis placement and
bile duct drainage[9].
Interventional bile duct therapy was associated with
minimal trauma, intact bypass circuitry, and bile duct
blood supply. Repeated interventional bile duct therapy
can prolong g raft sur vival time, delay or avoid retransplantation. Symptomatic improvements were noted
in all 9 patients with regard to fever, jaundice, abdominal
pain and biliary infection. Overall quality of life was also
improved. Hence, it is apparent that interventional therapy
for non-stoma bile duct stricture has a great clinical value,
and could be considered a first line treatment option.
However, patients with HAS and non-stoma bile duct
stricture had a relatively poorer prognosis. Presumably this
www.wjgnet.com
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was due to HAS-associated bile duct capillary embolism,
leading to diffuse bile duct stricture and bile mud siltation,
biliary infection and liver failure. Safdar et al[10] studied 57
patients with bile leakage after liver transplantation and
discovered an incidence of 28% HAS necessitating retransplantation. Dong et al[11] reported that two patients
underwent re-transplantation for treatment of nonstoma bile duct stricture. The fact that two of our patients
progressed to liver failure demonstrates that sometimes
intervention therapy cannot cure non-stoma bile duct
stricture radically. Accordingly, intervention therapy for
non-stoma bile duct stricture has its own limitation.
Single bile duct stoma stricture was presumably
caused by the anastomosis technique, stoma hydroncus
or scarring, and was not associated with HAS. Balloon
dilation and stent placement were found to be effective
methods of treatment.
In conclusion, progressive, diffuse, intra- and extrahepatic bile duct strictures were the characteristic
manifestations of HAS with non-stoma bile duct stricture
following OLT, while HAS could be the cause of nonstoma bile duct stricture. These were associated with
biliary mud siltation, biliary infection, and ultimately liver
function failure. Our data demonstrate that intervention
therapy for HAS and bile duct stricture is of significant
value in ameliorating these pathologies and symptoms, and
should be applied first.
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Abstract
AIM: To develop a practical method for isolation,
purification and culture of hepatic Kupffer cells (KCs) and
to observe their suppressive effects on the proliferation
of alloreactive T cells.
METHODS: Perfusion in situ in vivo combined with
density gradient centrifugation was applied in isolation,
purification and culture of hepatic KC. The suppression
by KCs on the T cell proliferation in mixed lymphocyte
reaction (MLR) was observed.
RESULTS: This method resulted in a satisfactorily high
7
yield of (1.1 ± 0.2) × 10 KCs per liver, (93.5% ± 1.8%)
viable cells, over 90% purity and positive for ED-2.
After the first 24 h in culture, a great number of KCs
which exhibited typical characteristics were observed.
3
Using H-TdR incorporation assay, non-irradiated KCs
significantly suppressed allo-MLR. The KCs recovered
from accepted liver allografts in groups D and E were
more effective in suppressing allo-MLR.
CONCLUSION: A standardized procedure for isolation
of highly purified rat KCs is proposed and KCs have
suppressive effects on the proliferation of alloreactive
T cells, especially those derived from accepted liver
allografts.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Kupffer cells (KCs), the resident macrophage population
in the liver, which comprise one of the major population
(20%) of the hepatic nonparenchymal cell fraction, may
play an important role in immunomodulation and the
induction of tolerance after liver transplantation. The
inherent tolerogenicity of the liver poses important
questions about how immune reactivity in the liver is
regulated. The interaction between KC and lymphocytes
in the liver sinusoids was described first by Gassel[1], who
showed that KCs within the hepatic sinusoidal space are in
physical contact with two lymphocytes at a time. Therefore,
increasing attention has focused on the key role of hepatic
allograft-derived KCs in regulating immune responses
and facilitating tolerance induction. The primary aim of
this study was to develop a practical method for isolation,
purification and culture of hepatic KCs and to observe their
suppressive effects on the proliferation of alloreactive T
cells.

MATERIALS AND METHODS
Animals
Inbred male Sprague-Dawley rats weighing 230-250 g
and Wistar rats weighing 250-270 g served as donors and
recipients, respectively. All animals were purchased from
the Animal Resource Center of Science Academy of China
in Shanghai. Animals were cared for under a protocol
approved by the Jiao Tong University Animal Ethics
Committee.
Reagents
Mouse anti-rat ED2 antibody was purchased from Serotec
Inc. (UK) and goat anti-mouse ED2 antibody was provided
by Jing Mei Biological Inc. (Beijing, China). The other
reagents included RPMI-1640 (Gibco Inc., USA), Ⅳ-type
collagenase (Sigma Inc., USA), Percoll’s solution (Pharmacia
Inc., Switzerland), etc.
Experimental design
Orthotopic rat liver transplantation was performed by the
cuff technique without hepatic artery reconstruction as
described by Kamada[2]. Recipients were divided into five
groups: group A (control group, SD→SD); group B (SD
→Wistar without any immunosuppression); group C (SD
→Wistar, CsA from d 1 to d 5); group D (SD→Wistar,
CsA from d 1 to d 5 and anti-CD40L mAb on d 0 and
www.wjgnet.com
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Figure 1 A: Single-layer KCs formed with irregular shape and kidney-like
nucleus after 24 h (× 100); B: KCs increased and became prominently larger after
48 h, showing typical macrophage morphologic features with irregular shape,
transparent cytoplasm and kidney-like nucleus (× 100).

A

B

Figure 2 A: The cells were stained positively for ED2 and the purity was ≥ 90%
consistently (× 100); B: The same as Figure 3 (× 400).

d 2); and group E (SD→Wistar, the same as group D in
combination with donor specific blood transfusion). CsA
was diluted in normal saline to 1 g/L and injected into the
recipients subcutaneously once a day (1.5 mg/kg per day).
Anti-CD40L mAb was administered intraperitoneally once
a day (1 mg/kg per day).
Isolation and culture of KC
Non-parenchymal cell (NPC) suspensions were acquired
by collagenase in situ collagenase perfusion of the liver and
then KCs were isolated by sedimentation in a two-step
Percoll gradient with selective adherence of cells to plastic
flasks. The morphologic features of KCs were observed
under light microscopy and the viability was determined
by trypan blue exclusion. In addition, purity of the KC
fraction was determined by ED-2 staining.
Spleen T cell preparation
We prepared suspensions of spleen cells by squeezing
mechanically dissociated spleen through a 50-μm stainless
steel screen followed by erythrocyte lysis with Trisammonium chloride and washings in PPMI 1640. T cells
were purified further by passage over nylon wool columns.
Suppression on T cell proliferation of KCs in MLR
Mixed lymphocyte reaction (MLR) was performed: 2.5 ×
105 SD T cells and 2.5 × 105 Wistar T cells from normal
rats were cocultured in 96-well plate in the presence of 3
× 104 KCs or γ-ray irradiated KCs as control. All cultures
were incubated for 6 d at 37℃ in a 5% CO2-humidified
air atmosphere and 18 h before harvesting, One μCi of
3
H-thymidine was added into each well. Incorporation
of 3H-TdR into DNA was assayed by liquid scintillation
www.wjgnet.com
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Figure 3 Effects of irradiated or non-irradiated KCs on T lymphocyte proliferation.
Non-irradiated KCs (W-KC and S-KC) showed significant suppressive effects
on T cell proliferation in MLR while irradiated KCs (W-KCi and S-KCi) showed
decreased inhibitory effects in MLR.

counting system. Based on the above experiment, 3 × 104
KCs derived from the different groups on the 6th day after
operation were added into the above-mentioned MLR
system and their suppressive effects on T cell proliferation
in vitro were observed.
Statistical analysis
The data of liquid scintillation counting were expressed in
mean ± SD and ANOVA was applied for comparison in
different groups. A P value less than 0.05 was considered
significant.

RESULTS
Identification of KCs
Viability and purity: The technique of cell isolation in
this study yielded about (1.1 ± 0.2) × 107 KCs per liver
with (93.5 ± 1.8)% viability determined by trypan blue
exclusion. The purity of KC fraction was consistently ≥
90% determined by morphology in combination with ED2
staining.
Morphology and immunohistobiochemical staining:
The freshly isolated cells had a ball-like shape, 20 mm in
diameter when viewed under light microscopy. About 3-4 h
later, most of them adhered to the wall of plastic flasks
and 48 h later they became larger, prominent and showed
typical macrophage morphologic features with irregular
shape, transparent cytoplasm and kidney-like nucleus
(Figure 1A and B). By immunohistobiochemical technique,
the cells were stained positively for ED2 (Figure 2A and B).
Suppressive effects of KCs on T lymphocyte proliferation
in vitro
Effects of irradiated and non-irradiated KCs on T
lymphocyte proliferation: To observe the effect of KCs on
T cell response, we examined T cell proliferation in twoway MLR. By 3H-TdR incorporation assay, non-irradiated
KCs showed significantly suppressive effects on T cell
proliferation in MLR. However, when irradiated KCs were
used, there was a marked decrease in the inhibitory effect
upon the MLR (Figure 3).
Effects of KCs derived from liver allograft on T
lymphocyte proliferation: The KCs derived from liver
allograft of different groups were added into the MLR
system in order to determine the effects of those cells.
The results showed that there was a marked decrease of
cpm value in MLR when KCs from groups D and E were

cpm (× 1000)
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Figure 4 Suppressive effects of KCs derived from liver allograft on T lymphocyte
proliferation. There was a marked decrease of cpm value in MLR when KCs were
present in groups D and E, i.e., KCs derived from those two groups had more
significantly suppressive effect on T cell proliferation.

present, i.e., KCs derived from those two groups had more
significantly suppressive effects on T cell proliferation.
The cpm of different groups was 4810 ± 132, 5036 ±
315, 3480 ± 201, 2825 ± 118 and 2786 ± 122, respectively
(Figure 4).

DISCUSSION
Kupffer cells (KCs), the most impor tant resident
macrophages of the liver, comprise one of the major
populations (about 20%) of the hepatic nonparenchymal
cell fraction, and the tolerogenic properties of the liver
are generally accepted [3]. Therefore increased attention
has focused on the possible role and mechanism of
KCs from liver allograft in tolerance induction [4,5]. In
recent years, some authors have put forward a novel KCdependent immunomodulatory mechanism which may be
strengthened markedly after liver transplantation, especially
those donor-derived KCs expressing Fas ligand which
exhibit immune privilege in vivo[6]. But precise mechanisms
accounting for this phenomenon have not been illustrated.
It is of great importance to establish a kind of stable,
economical and reliable technique of KC isolation and
culture for the study of tolerance induction and immune
regulation. Various methods have been applied and
basic steps include collagenase in situ perfusion of the
liver, sedimentation in two-step Percoll gradient and
selective adherence. The isolated KCs should be kept with
biological and immunological characteristics in vivo such
as phagocytosis, lysosomal enzymes and expression of
specific antigens[7-9].
By collagenase in situ perfusion in combination with
gradient centrifugation, we successfully established a
method of isolating, purifying and culturing KCs. And the
technique in this study yielded about (1.1 ± 0.2) × 107 KCs
per liver with a 93.5% ± 1.8% viability and a consistently
≥ 90% purity. Twenty-four hours later, single layer of KCs
formed with an irregular shape and kidney-like nucleus.
Forty-eight h later KCs increased and became larger, more
prominent and showed typical macrophage morphologic
features with irregular shape, transparent cytoplasm
and kidney-like nucleus. With immunohistobiochemical
techniques, the cells were stained positively for ED2. The
isolated KCs could survive as long as about 4 weeks while
keeping biological and immunological characteristics in
vitro.
In comparison with the literature, we made some
modification in isolation and culture of KCs. Firstly,
we blocked the suprahepative inferior vena cava (IVC)
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while perfusing collagenase in situ. Secondly, we increased
perfusion velocity in order to wash off thoroughly
erythrocytes in sinusoid. And thirdly, digestion of liver
cells in vitro was applied. Collagenase and Pronase E were
used at the same time when isolating KCs both at home
and abroad[10-12]. Pronase E will destroy CD14 molecules
on the surface of KCs which are independent in the
activation of macrophages by LPS so that the isolated
KCs may not keep physiological functions[13,14]. Therefore,
only collagenase was used in perfusion of liver. The results
showed that the technique in our study was able to yield
sufficient number of KCs with high viability and purity.
On the basis of the successful isolation and culture
of KCs, we observed suppressive effects of KCs on
T lymphocyte proliferation in vitro. Non-irradiated
KCs showed significant suppressive effects on T cell
proliferation in MLR while there was a marked decrease in
the inhibitory effect upon the MLR when irradiated KCs
pretreated by 100Gy γ-ray were used. When KCs derived
from liver allograft of groups D and E were added into
the MLR system, there was a marked decrease of cpm
value, i.e., KCs derived from those two groups had more
significantly suppressive effect on T cell proliferation.
Administration of KCs derived from chronically accepted
liver allografts might be able to significantly prolong the
survival of hepatic allografts in an acute rejection model
in an alloantigen-specific manner[15-17]. There are different
explanations for this phenomenon. FasL expression
of KCs is increased after liver transplantation which is
associated with T lymphocyte apoptosis through FasFasL pathway [18]. At the same time, KCs can increase
the secretion of IL-10 and TGF-β by up-regulating the
expression of Th2/Th3 cytokines mRNA so that KCs may
regulate the differentiation of Th2/Th3 cells[19,20]. And KC
itself secretes an array of cytokines such as IL-4, IL-10,
IL-12 and TGF-β which may drive the differentiation of T
cell subsets towards Th2/Th3[21]. Because Th2 cells are not
sensitive to FasL-induced apoptosis, selective Th2 survival
coupled with rapid death of Th1 cells may be a mechanism
for differential regulation of the two T cell subsets by
KCs[22,23]. Due to the restriction of instruments in our
lab, mechanisms proposed have not yet been validated
convincingly.
In conclusion, KCs had significantly suppressive effects
on allo-reactive T lymphocyte proliferation, especially
those recovered from chronically accepted liver allografts.
The hepatic professional and non-professional APC
including KCs, liver sinusoidal endothelial cells(LSEC),
DC, even hepatocytes may play key roles in regulating
immune responses and facilitating tolerance induction after
liver transplantation[24]. The precise mechanism needs to be
further investigated in the future.
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Abstract
We report a panel of severe inflammatory and vascular
intraocular disorders occurring during interferon-alpha
(IFN-α) treatment in eight hepatitis C virus (HCV)infected patients. These events include three cases of
Vogt-Koyanagi-Harada like (VKH) disease (an association
of panuveitis, retinal detachment, ear and meningeal
detachment and skin and hair changes), two cases
of central retinal vein occlusion, one case of central
retinal artery occlusion, one case of severe hypertensive
retinopathy and one case of bilateral ischemic optic
neuropathy with severe visual impairment. Rare as they
are, such severe ophthalmological complications require
a close follow-up of HCV-infected patients under IFN-α
treatment with ophthalmological monitoring if any ocular
manifestation occurs.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Treatment of chronic hepatitis C virus (HCV) infection
included initially standard interferon- α (IFN- α ) given
three times a week. Since 2000, it has been proposed
to administer peg ylated IFN-a once a week [1] . Most
frequent side effects include flu-like syndrome, asthenia,
and weight loss. Ophthalmological complications are
rare. The most typical ocular adverse effect is the IFN-α
related retinopathy, which is characterized by cotton wool
spots and retinal haemorrhages especially around the
optic nerve. Visual loss is usually absent or limited and
reversible after interruption of the therapy[2,3]. Involvement
of the posterior segment of the eye is rare but may lead
to permanent visual loss in the absence of appropriate
therapy[4]. In the present report, we prospectively recorded
and analyzed eight patients who presented with severe
ophthalmological complications during the treatment
with IFN-α and ribavirin for chronic hepatitis C. Clinical
and angiographic findings were monitored. IFN-α was
discontinued in all cases.

CASE REPORT
All patients were chronically HCV-infected (HCV RNA
positive). Epidemiological, clinical and biological features
were prospectively recorded. Patients were referred to the
ophthalmologist only in case of ocular symptoms. They
were managed and followed in a single ophthalmological
department. Ophthalmological examination included
visual acuity, slit lamp examination, fundoscopy, and
fluorescein angiography if necessary. Final diagnosis
and therapeutic management were collegially assumed.
Severe ophthalmological complications during IFN- α
therapy included inflammatory ocular diseases [3 cases of
Vogt-Koyanagi-Harada (VKH) like disease] and vascular
disorders (5 cases), including central retinal vein occlusion
(CRVO) in 2, central retinal artery occlusion (CRAO) in 2,
severe hypertensive retinopathy in 1 and ischemic optical
neuritis in 1. The three cases of VKH-like disease have
been already reported elsewhere[5].
Intraocular inflammatory disorders
The intraocular inflammatory disorders reported herein
are three cases of VKH disease. The VKH disease is a
rare autoimmune disorder with an ocular involvement,
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Table 1 Main characteristics and course of HCV-infected patients with VKH-like disease

Age (yr)
Sex

Case 1

Case 2

Case 3

43

51

42

F

F

M

HCV genotype
liver biopsy (Metavir)1

3
A1F2

1
A1F2

1
A3F1

Anti-HCV therapy

PEG-IFN α-2b + Ribavirin

PEG-IFN α-2b + Ribavirin

PEG-IFN α-2b + Ribavirin

Interval before first
ocular manifestations2

4 mo

3 mo

4 mo

Ocular manifestations

-Visual acuity 20/200 OS
-Macular edema and a bilateral
serous retinal detachment.

-Bilateral vision loss
-Bilateral uveitis, major papillar
and retinal edema

-Bilateral vision loss
-Episcleritis and bilateral uveitis

Retinal fluorescein
angiography

Pin-points and bilateral serous retinal and pigmented epithelium detachments, suggestive of a Vogt-Koyanagi-Harada like
[VKH] disease

Therapeutic
management

-PEG-IFN and ribavirin disruption

-PEG-IFN and ribavirin disruption

-PEG-IFN and ribavirin disruption

-Methylprednisolone IV and per os
-Complete recovery under low dose
steroids (< 10 mg/d)
-Steroids were stopped after one year
of treatment without ocular relapse.

- Methylprednisolone IV and per os
-Low improvement of ocular lesions

- Methylprednisolone IV and per os
-Partial improvement of ocular lesions

-Cortico-dependency > 25 mg/d

-Cortico-dependency > 25 mg/d

-Failure of cyclosporine course

-Re-introduction of PEG-IFN and
ribavirin 5 mo later3
-Full recovery of ocular manifestations
10 mo after IFN was reintroduced

Course

-Introduction of azathioprine

1

Metavir scoring system for the appraisal of HCV-related liver disease. 2Time or interval between introduction of the anti-HCV therapy and the first ocular
manifestations. 3Forcase 3, PEG-IFN and ribavirin was re-introduced because of the high level of cortico-dependency and based upon the reported efficacy of IFN
in some cases of severe and refractory uveitis[14].

mainly granulomatous panuveitis associated with exudative
retinal detachments, with skin and hair (vitiligo, poliosis
and alopecia) changes and ear and meningeal involvement
(meningitis, cranial nerve palsy, focal signs, dysacusis,
hearing loss). The diagnosis is confirmed by the retinal
fluorescein angiography that shows typical pin-points
and bilateral serous retinal and pigmented epithelial
detachments.
VKH-like disease after 4 mo of pegylated (PEG)IFNα-2b therapy: A 43-year-old woman, HCV-infected
(genotype 3) since 1982 (after blood transfusion), had a
non-symptomatic mixed cryoglobulinemia and significant
liver histological damages at liver biopsy (Metavir A1F2),
which required pegylated IFN- α (PEG-IFN- α ) (1.5
μ g/kg per week) and ribavirin (10.5 mg/kg per day).
Four months later, she was admitted for decreased vision
of the left eye. Visual acuity was 20/20 OD and 20/200
OS. Fundus examination disclosed a left macular edema
and bilateral serous retinal detachment. Fluorescein
angiography revealed several pin-points, bilateral serous
retinal and pigmented epithelial detachments. VKH-like
disease was diagnosed. PEG-IFN and ribavirin were both
discontinued. Intravenous pulses of methylprednisolone (1
g/d, 3 d) were performed, followed by oral prednisone (1
mg/kg per day). One month later, visual acuity remained
20/20 P2 for the right eye and improved to 20/40 P2
for the left eye. Retinal detachments disappeared. Seven
months later, visual acuity was 20/20 P2 OD, 20/25 P2
OS and prednisone was slowly tapered. After one year
of treatment, steroids were stopped without any ocular
relapse.
www.wjgnet.com

Clinical features of the patients with VKH disease
occurring during IFN therapy are reported in Table 1.
Intraocular vascular complications
Five patients presented with severe intraocular complications under PEG-IFN + Ribavirin treatment, including
2 cases of central retinal vein occlusion, one case of
central retinal artery occlusion, one case of acute anterior
ischemic optic neuritis and one case of severe exudative
hypertensive retinopathy. The common hallmark of all
these cases is the complete or severe and definitive vision
loss despite the treatment withdrawal and an adequate
therapeutic management. This reflects the severity of
such complications. Clinical features of the patients with
intraocular vascular side effects during IFN therapy are
reported in Table 2.

DISCUSSION
Most of ophthalmological side effects occurring during
IFN-α treatment are benign, transient, and are mainly
represented by the classical IFN-related retinopathy.
In the present work, we describe two mechanisms of
severe and sight-threatening ocular complications during
IFN therapy: the first group of complications includes
inflammatory disorders and the second group vascular
intraocular diseases. Concerning the cases of inflammatory
intraocular disorders, we report three cases of VKH-like
disease-defined by the association of a panuveitis with
exudative retinal detachment, skin and hair changes and
ear and meningeal involvement- occurring during IFN-α
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Table 2 Main features of HCV-infected patients with intraocular vascular complications under PEG-IFN and ribavirin treatment
Main features

Case 4

Case 5

Case 6

Case 7

Case 8

Age (yr)
Sex
HCV genotype
Liver biopsy (Metavir)
Antecedents

51
M

70
M
1
F4
Arterial
hypertension
Smoking

55
F
2
A2F1
-

40
M

40
M
F4 (clinical cirrhosis)
Hypertension with past
hypertensive retinopathy

Anti-HCV therapy

PEG-IFN α-2b +
Ribavirin
7 mo

PEG-IFN α-2b +
Ribavirin
5 mo

PEG-IFN α-2b +
Ribavirin
6 mo

A2F2
Splenic lymphoma with
villous lymphocytes
Mixed cryoglobulinassociated
glomerulonephritis
Severe arterial
hypertension
Dyslipidemia, smoking
Standard IFN
α-2b + ribavirin
18 mo

-OD vision loss
(20/200 OD;
20/20 OS)

-Bilateral vision loss
(20/400 OD,
20/80 OS)

-Visual acuity OS:
10/10; OD: < 20/200

-Bilateral vision loss
(20/64 P2 OD, 20/200 OS)

ND
Sarcoidosis

Interval before first
ocular manifestations
Ocular manifestations -Initial visual acuity: OD
(< 20/200), OS (20/20)
-Papillar edema,
macular edema
and retinal hemorrhages
-Cotton wool spots

-Bilateral macular edema
and retinal hemorrhages

Diagnosis

Central retinal vein
occlusion OD

Central retinal vein
occlusion OD

Treatment

-Withdrawal of PEG-IFN
and ribavirin

-Withdrawal of
PEG-IFN
and ribavirin
-Steroids, Ⅳ
heparin
and aspirin
-2 mo later, radiary
neurotomy

-Steroids and Ⅳ heparin

Course

-6 mo later, radiary
neurotomy

-At the end of follow-up,
definitive loss of
vision OD (< 20/200)

A

Standard IFN
α-2b + Ribavirin
6 mo

-At the end of
follow-up,
definitive vision
loss OD

Acute anterior
ischemic
optic neuritis
-Withdrawal of
PEG-IFN
and ribavirin
-Steroids

Central
retinal artery
occlusion OD
-Withdrawal of
standard
IFN and ribavirin
-Steroids and
Ⅳ heparin

-At the end of follow-up, -4 mo later, slow
severe visual
improvement
impairment
(20/64 OD)
(< 20/400 OD; 20/80 OS)
-Died of severe sepsis
5 mo later

B

Figure 1 Interferon-induced retinopathy with cotton-wool spots and retinal
hemorrhages. A: OD; B: OS.

treatment for HCV infection. In all cases, high doses of
steroids were required and sometimes associated with an
immunosuppressive drug (azathioprine, cyclophosphamide,
and cyclosporine). These complications mostly resulted in
a definitive and severe visual impairment.
VKH-like disease during interferon therapy is rare,

-Cotton-wool spots
(IFN-α-induced retinopathy)
(Figure 1A and B)
Exsudative hypertensive
and IFN -induced
retinopathy
-Withdrawal of
standard
IFN and ribavirin
-Better control of
hypertension (nadolol,
benazepril)
-2 mo later, significant
improvement of the
visual acuity (20/40 OD;
20/40 OS)
-Introduction of PEGIFN α-2b and Ribavirin
without recurrence after more
than 1 yr follow-up

and to our knowledge, apart from our three patients[5],
only three cases of VKH under an IFN-α course have
been reported[6,7]. This evidence and the third patient of
our report who benefited from a second course of PEGIFN for both HCV-infection and VKH disease, show the
complex relationship between IFN-α course and VKH
disease. However, considering the severity of the visual
impairment which can be induced by such a syndrome,
ophthalmological examination should be systematically
proposed during IFN treatment. In case of intraocular
inflammation, the diagnosis of VKH-like disease must be
considered and interferon therapy can be disrupted.
Retinal vascular disorders associated with IFN
treatment include central retinal venous and central retinal
arterial occlusion, and severe hypertensive retinopathy.
Only few cases have been reported[8,9]. Arterial and venous
occlusions were associated with a severe visual defect
that did not improve despite the combination of heparin,
steroids and the withdrawal of the IFN therapy. Most
of arterial occlusive events occurred in presence of illwww.wjgnet.com
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controlled vascular risk factors, such as hypertension,
dyslipidemia and smoking.
Finally, cases of ischemic optic neuritis have been
reported in HCV-infected patients under IFN-α[10] and
may impair dramatically visual functions. Predisposing
factors are not clearly identified, except for classical
vascular risk factors. These data point out the necessary
control of known vascular risk factors before and during
IFN-α treatment.
Other ophthalmological complications of IFN- α
therapy include transient blurred vision, increased
intraocular pression, neovascular glaucoma, and “specific
IFN-α”-related retinopathy characterized by cotton wool
spots, retinal hemorrhages, and microaneurysms [11-13].
Functional abnormalities seemed also to be frequent under
IFN-α but without clinical expression[12].
Besides previous case reports of ocular side effects
of IFN- α therapy, our study raises the possibility of
severe ophthalmological manifestations (occlusion of
retinal, choroidal or optic nerve vessels, or VKH-like
diseases). These results confirm the potential severity of
intraocular complications during IFN-α therapy in HCVinfected patients. A close ophthalmological monitoring
and efficient control of systemic and ocular vascular risk
factors (hypertension, diabetes, and dyslipidemia) seem
mandatory before further IFN reintroduction.

3

REFERENCES

13

1

2

Zeuzem S, Feinman SV, Rasenack J, Heathcote EJ, Lai MY,
Gane E, O'Grady J, Reichen J, Diago M, Lin A, Hoffman J,
Brunda MJ. Peginterferon alfa-2a in patients with chronic
hepatitis C. N Engl J Med 2000; 343: 1666-1672
Zegans ME, Anninger W, Chapman C, Gordon SR. Ocular
manifestations of hepatitis C virus infection. Curr Opin
Ophthalmol 2002; 13: 423-427

4

5
6

7
8

9
10
11
12

14

June 14, 2007

Volume 13

  Number 22

Abe T, Nakajima A, Satoh N, Koizumi T, Sakuragi S, Ono T,
Komatsu M, Masamune O. Clinical characteristics of hepatitis C
virus-associated retinopathy. Jpn J Ophthalmol 1995; 39: 411-419
Perlemuter G, Cacoub P, Sbaï A, Hausfater P, Thibault V, Le
TH, Wechsler B, Buffet C, Piette JC. Hepatitis C virus infection
in systemic lupus erythematosus: a case-control study. J
Rheumatol 2003; 30: 1473-1478
Touitou V, Bodaghi B, Cassoux N, Tran TH, Rao NA, Cacoub
P, LeHoang P. Vogt-Koyanagi-Harada disease in patients with
chronic hepatitis C. Am J Ophthalmol 2005; 140: 949-952
Papastathopoulos K, Bouzas E, Naoum G, Vergados I,
Tsiodras S. Vogt-Koyanagi-Harada disease associated with
interferon-A and ribavirin therapy for chronic hepatitis C
infection. J Infect 2006; 52: e59-e61
Sylvestre DL, Disston AR, Bui DP. Vogt-Koyanagi-Harada
disease associated with interferon alpha-2b/ribavirin
combination therapy. J Viral Hepat 2003; 10: 467-470
Ríos-Rull P, Rubio M, Ojeda E, Hernández Navarro F.
Hepatitis-C-positive mixed essential cryoglobulinemia,
autoimmune hemolytic anemia, and immune
thrombocytopenic purpura. Sangre (Barc) 1994; 39: 225
Nadir A, Amin A, Chalisa N, van Thiel DH. Retinal vein
thrombosis associated with chronic hepatitis C: a case series
and review of the literature. J Viral Hepat 2000; 7: 466-470
Purvin VA. Anterior ischemic optic neuropathy secondary to
interferon alfa. Arch Ophthalmol 1995; 113: 1041-1044
Guyer DR, Tiedeman J, Yannuzzi LA, Slakter JS, Parke D,
Kelley J, Tang RA, Marmor M, Abrams G, Miller JW. Interferonassociated retinopathy. Arch Ophthalmol 1993; 111: 350-356
Manesis EK, Moschos M, Brouzas D, Kotsiras J, Petrou C,
Theodosiadis G, Hadziyannis S. Neurovisual impairment: a
frequent complication of alpha-interferon treatment in chronic
viral hepatitis. Hepatology 1998; 27: 1421-1427
Farel C, Suzman DL, McLaughlin M, Campbell C, Koratich
C, Masur H, Metcalf JA, Robinson MR, Polis MA, Kottilil S.
Serious ophthalmic pathology compromising vision in HCV/
HIV co-infected patients treated with peginterferon alpha-2b
and ribavirin. AIDS 2004; 18: 1805-1809
Touitou V, Escande C, Bodaghi B, Cassoux N, Wechsler
B, Lemaitre C, Tran TH, Fardeau C, Piette JC, LeHoang P.
Diagnostic and therapeutic management of Vogt-KoyanagiHarada syndrome. J Fr Ophtalmol 2005; 28: 9-16
S- Editor Wang J 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 June 14; 13(22): 3141-3143
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

CASE REPORT

Distant skeletal muscle metastasis from intrahepatic
cholangiocarcinoma presenting as Budd-Chiari syndrome
Oh Sung Kwon, Dae Won Jun, Sang Heum Kim, Mee Yeon Chung, Nam In Kim, Moon Hee Song, Han Hyo Lee,
Seung Hwan Kim, Yoon Ju Jo, Young Sook Park, Jong Eun Joo
Oh Sung Kwon, Dae Won Jun, Mee Yeon Chung, Nam In
Kim, Moon Hee Song, Han Hyo Lee, Seung Hwan Kim, Yoon
Ju Jo, Young Sook Park, Department of Internal Medicine, Eulji
University Hospital, Seoul, Korea
Sang Heum Kim, Department of Radiology, Eulji University
Hospital, Seoul, Korea
Jong Eun Joo, Department of Pathology, Eulji University
Hospital, Seoul, Korea
Correspondence to: Dae Won Jun, Eulji University Hospital,
280-1 Hagye 1 dong, Nowon gu, Eulji Hospital, Internal medicine,
Seoul 139-711, Korea. noshin1004@yahoo.co.kr
Telephone: +82-2-9708494 Fax: +82-2-9708621
Received: 2007-02-10
Accepted: 2007-03-15

Abstract
Intrahepatic cholangiocarcinoma is a malignant
neoplasm arising from the biliary epithelium, which
frequently invades adjacent organs or metastasizes to
other visceral organs such as the lungs, bones, adrenals,
and brain. However, distant skeletal muscle metastasis of
cholangiocarcinoma has never been described before to
the best of our knowledge and, furthermore, Budd-Chiari
syndrome secondary to intrahepatic cholangiocarcinoma
is also extremely rare. Here we present the first case
overall of distant muscle metastasis from intrahepatic
cholangiocarcinoma presenting as Budd-Chiari
syndrome. A 44-year-old man admitted to the hospital
with complaints of abdominal distension, edema of
both legs, back pain and anorexia of 30 d' duration.
Computed tomography and ultrasonography-guided
percutaneous muscle biopsy established intrahepatic
cholangiocarcinoma with disseminated thrombosis from
inferior vena cava to bilateral iliac and femoral veins, and
multiple skeletal muscle metastases in bilateral buttock
and erector spinal muscle.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Intrahepatic cholangiocarcinoma is a malignant neoplasm
arising from the biliary epithelium and a devastating
malignancy that presents late, is notoriously difficult
to diagnose, and often invades adjacent organs or
metastasizes to other visceral organs such as lungs, bones,
adrenals, and brain. Skeletal muscle is one of the most
uncommon sites of metastasis from any malignancy.
Although direct muscle invasion by primary malignancy is
well recognized, few cases of metastasis to skeletal muscle
distant from the primary carcinoma have been published[1].
Primar y carcinoma sites to distant skeletal muscle
metastasis included the stomach, esophagus, lung, colon,
and pancreas[2]. However intrahepatic cholangiocarcinoma
has never been mentioned as the primary carcinoma
site for skeletal muscle metastases to the best of our
knowledge. Budd-Chiari syndrome which is defined as any
pathophysiologic process that results in interruption of the
normal flow of blood out of the liver, and is commonly
associated with a hypercoagulable state which is often
secondary to malignancy. But the Budd-Chiari syndrome
secondary to intrahepatic cholangiocarcinoma is so rare
that only three cases have been reported in the literature so
far.
We report the first case of distant skeletal muscle
metastasis of intrahepatic cholangiocarcinoma presenting
as Budd-Chiari syndrome and acute thrombus extended
down into the bilateral iliac veins and femoral veins.

CASE REPORT
A 44-year-old man visited the gastroenterology department
with complaints of abdominal distension, dyspnea, low
extremity edema, back pain and anorexia of one month’s
duration. He was previously healthy and his past medical
and family histories were not remarkable. He consumed
alcohol (3 bottles of Soju distilled liquor per week) until
one month before admission.
Physical examination on admission revealed a height
of 174 cm, body weight of 78 kg, temperature of
36.4℃, blood pressure of 110/60 mmHg, and pulse
rate of 78/min. Upon examination, the abdomen was
not tender, distended with a shifting dullness. The liver
was not palpable below the costal margin. Ascites was
severe and both low limb edema was moderate. Patient
laboratory tests included a red blood cell count (RBC) of
3.93 × 1012/L, hemoglobin concentration of 121 g/L,
www.wjgnet.com
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Figure 1 Computed tomography shows a large mass
with rim enhancement around
intrahepatic portion IVC of liver
which encircles IVC (black
arrow). Metastatic lesions seen
in the left spinal erector muscle
(white arrow) and right psoas
muscle (not shown).

hematocrit of 35.9%, white blood cell count of 5.8 × 109/
L, platelet count of 1.18 × 1011/L, prothrombin activity
of 75.9%, activated partial thromboplastin time of 30.1
s, aspartate aminotransferase (AST) level of 50 IU/L,
alanine aminotransferase (ALT) level of 26 IU/L, alkaline
phosphatase level of 813 IU/L, γ-glutamyl transferase
level of 144 IU/L, lactate dehydrogenase level of 494
IU/L, total bilirubin level of 0.8 mg/dL, and albumin
level of 37 g/L. Renal function tests showed a blood
urea nitrogen level of 39.5 mg/dL and a creatinine level
of 1.6 mg/dL. HBsAg and anti-HBeAb were positive
but anti-HBs antibodies, anti-HBc antibodies, HBeAg,
HBV DNA, and anti-hepatitis C virus antibodies were all
negative. Peritoneal fluid analysis revealed WBC of 6.90 ×
108/L, RBC of 1.05 × 109/L, polymorphonuclear cell of
19%, lymphocytes of 81%, albumin level of 13 g/L, and
the serum ascites albumin gradient (SAAG) was 24 g/L.
Levels of carcinoembryonic antigen and alpha-fetoprotein
were normal. The levels of thyroxin stimulating hormone
and thyroid hormones were within normal limits. An
abdominal ultrasonography showed a large amount of
ascites, splenomegaly and hydronephrosis of the left
kidney. The ascites was intractable and the edema and pain
of both lower extremities were aggravated. Abdominal
computed tomography (CT) without contrast enhancement
was performed and it showed a large lobulated area of low
density in the left lobe of liver (7 cm × 4 cm), thrombosis
in inferior vena cava (IVC), two round, low density areas in
the right psoas muscle (2cm) and an oval low density area
at the left paravertebral area between left psoas muscle
and quadratus lumbrom muscle (3.5 cm × 2 cm), mild left
hydronephrosis and a large amount of ascites. For further
evaluation, CT scan with contrast enhancement from
chest to lower extremity was performed. The constrasted
CT scan revealed a large liver mass (8 cm × 8 cm) with
peripheral rim enhancement around intrahepatic portion
of IVC, extensive thrombosis in IVC to bilateral iliac
and femoral veins, multiple muscle metastasis in bilateral
buttock, left erector spinae, right psoas muscles, multiple
bony metastasis in the 10th and 11th thorasic spine and
the 1st lumbar spine, and multiple patches or nodules of
increased density in the lungs suggesting metastasis (Figure
1). Tests for coagulation activity showed D-dimer level of
6200 ng/mL (normal less than 300 ng/mL), antithrombin
Ⅲ level of 20 mg/dL (nor mal 21.0-34.0 mg/dL),
protein-C activity level of 55% (normal 70%-130%), and
protein-S activity level of 61% (normal 77%-143%).
Ultrasonography-guided percutaneous needle biopsy was
performed at the erector spinae muscle which was suspected
to have metastatic lesions. Microscopic examinations
showed that the skeletal muscle was infiltrated by
www.wjgnet.com

June 14, 2007

Volume 13

A

B

C

D

CEA

  Number 22

CK7

Figure 2 A, B: Neoplastic glandular infiltration in the skeletal muscle, suggesting
metastatic adenocarcinoma. (HE, x 100 and x 200); C: Neoplastic glands are
positive for immunohistochemical staining on CEA (CEA immunostain, x 200); D:
Neoplastic glands are positive for immunohistochemcal staining on cytokeratin 7
(Cytokeratin 7 immunostain, x 200).

neoplastic glands accompanying moderate desmoplasia
(Figure 2). Immunohistochemical staining showed that
the neoplastic cells were strongly positive for cytokeratin
7 and CEA, weak and focally positive for cytokeratin 20,
and negative for TTF-1. The findings of CT scan and
the histopathologic feature would be compatible with
intraductal cholangiocarcinoma and its distant skeletal
muscle metastasis.

DISCUSSION
The incidence of skeletal muscle metastases is reported to
be less than 1% of metastases of hematogeneous origin,
despite of the fact that skeletal muscle accounts for nearly
50% of the total body weight and is characterized by rich
blood supply[3]. The cause for the low incidence of skeletal
muscular metastases of primary cancer is still unclear,
but may be related to various factors as follows: tumor
suppressors in skeletal muscles[4], the constant movement
of skeletal muscles which may represent a difficult
condition for the implantation and growth of metastatic
cells under the high tissue pressure related to the exerciseassociated increase of blood flow, the local production of
lactic acid which would create an unfavorable environment
for metastatic cell growth, the inhibition of cell invasion
by protease inhibitors located in the basement membrane,
and the antitumor activity of lymphocytes or natural killer
cells within the skeletal muscle[3].
The reason why distant skeletal muscle metastasis
from intrahepatic cholangiocarcinoma has been not
been reported may be because of the relative rarity and
poor prognosis of intrahepatic cholangiocarcinoma, and
another possibility is that physicians and patients tend
to overlook the distant skeletal muscle metastasis, which
is frequentely asymptomatic, nonspecific, and in hidden
locations[5]. Under-diagnosis of skeletal muscle metastases
may contribute to their apparent low incidence. In 194
autopsies involving tumor metastasis to skeletal muscles,

Kwon OS� et al . Distant muscle metastasis from intrahepatic cholangiocarcinoma

which were perfor med at the Marque de Valdecilla
National Medical Center from 1980 to 1982, metastases
to skeletal muscle were noted in 11%, and 20% of the
patients with carcinoma had muscle metastasis[6].
Budd-Chiari syndrome secondary to intrahepatic
cholangiocarcinoma is very rare, only three cases have
been reported to our knowledge. The first was from a case
series that attempted to etiopathophysiologically classify
Budd-Chiari syndrome [7]. The second was in a woman
who had presented with recurrent venous thrombosis
during the third episode endoscopic cholangiopancrea
tography, and guided biopsy established a diagnosis of
cholangiocarcinoma at the mid portion of common bile
duct[8]. Law et al[9] reported the third case of metastatic
intrahepatic cholangiocarcinoma presenting as acute BuddChiari syndrome with a large thrombus in the inferior vena
cava and plain thrombus extending from the right atrium
down into the iliac veins by postmortem examination.
In summar y, intrahe patic cholangiocarcinoma
presenting Budd-Chiari syndrome is extremely rare,
and distant skeletal muscle metastasis from intrahepatic
cholangiocarcinoma presenting with Budd-Chiari syndrome
has not been reported previously to our knowledge. In the
present report, we described the first case of metastasis
to the distant erector spinae muscle from intrahepatic
cholangiocarcinoma presenting as Budd-Chiari syndrome.
Intrahepatic cholangiocarcinoma tends to have a poor
prognosis because of its typically late presentation. In our
case, the presentation of distant skeletal muscle metastasis
and Budd-Chiari syndrome is a reflection of the severe
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malignant potential of this carcinoma and our limited
options in the management of this disease.
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Abstract
Villous adenomas are benign epithelial lesions with
malignant potential that can occur in any part of the
gastrointestinal tract. We present a case of a middle
age woman with acromegaly who was investigated for
nonspecific gastrointestinal complaints. Ultrasonography
and subsequent endosonography diagnosed a large
(4.5 cm), hyperechoic, sessile polyp with numerous
pedicles. An open cholecystectomy was performed and
revealed a villous adenoma with several foci of carcinoma
in situ . Detailed investigations showed no other tumors
of the gastrointestinal tract. After five years of followup, the patient reports no complaints, and the results
of laboratory testing and imaging studies are within the
normal range.
Key words: Villous adenoma; Gallbladder; Acromegaly;
Endosonography
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INTRODUCTION
A polypoidal lesion may be defined as an elevation on
www.wjgnet.com

the mucosa. Such polypoid lesions in the gallbladder
are present in about 5% of the adult population [1]. As
ultrasound technology improves, an increasing number of
polypoid lesions of the gallbladder are being detected[2].
Although some patients are symptomatic, others are found
incidentally. The potential range of pathological lesions is
large, and the differentiation between benign, malignant
and potentially malignant lesions is a major diagnostic
dilemma. Christensen and Ishak[3] categorized polypoid
lesions of the gallbladder into: true tumors (adenoma,
leiomyoma, lipoma and others), pseudotumors (cholesterol
polyp, adenomyomatosis, heterotopias and inflammatory
lesions), and malignant lesions.
Adenomas of the biliar y tract are uncommon.
Gallbladder adenomas are found in 0.5% of cholecystectomy
specimens[4]. The vast majority of gallbladder adenomas
have a tubular structure while tubulovillous adenomas are
exceedingly rare. The incidence of pure villous adenomas of
the gallbladder is only 0.08% in autopsy series[5].

CASE REPORT
A middle aged female with acromegaly diagnosed 5 years
earlier, was admitted to the hospital because of nonspecific
gastrointestinal complaints. Conventional ultrasonography
(US) revealed a large heterogeneous polypoid lesion in the
gallbladder. Endoscopic ultrasonography (EUS) of the
upper GI tract and biliary system was performed, using
an Olympus radial 7.5/12 MHz switchable probe. The
lesion was described as a large sessile polyp, measuring
4.5 cm, and consisting of numerous pedicles which were
moving independently during the examination (Figure 1).
The tumor was hyperechoic and hetrogenous, with an
irregular surface, and did not show any penetration of the
muscularis propria layer. There were several small polyps
surrounding the large lesion. No polyps were identified in the gastrointestinal tract on colonoscopy, push
enteroscopy and small bowel follow through examination.
The patient underwent an open cholecystectomy which
confirmed the findings of EUS (Figure 2). Histopathology
revealed a villous adenoma with regular arborization of
the villo-papillar adenomatous epithelium and peripheral
stromal edema of the villi (Figure 3). Most of the
microscopic fields showed low grade epithelial dysplasia,
with a few small foci of prominent atypia consistent with
intraepithelial carcinoma. Numerous small polyps located
in the periphery of the larger one were tubular adenomas,
with only low grade epithelial atypia. The muscularis
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Figure 3 Low power light
microscopy (HE) of the villous
adenoma.

Figure 1 Endosonography picture of the gallbladder polyp.

Figure 2 Resected specimen of the gallbladder.

propria layer of the gallbladder was clearly preserved and
the local lymph nodes were unremarkable. After five years,
the patient reports no complaints and repeated clinical
examinations, laboratory testing, and imaging studies have
been within the normal range.

DISCUSSION
Villous adenomas are benign epithelial lesions that can
occur anywhere in the gastrointestinal tract. These tumors
are usually found in the rectum and colon, less frequently
in the small intestine, and rarely in the biliary tree [6,7].
This case report describes a patient with acromegaly
and a villous adenoma of the gallbladder, the first such
presentation seen in our region.
Seven hereditary syndromes associated with hamartomatous polyps have been described. These include
familial juvenile polyposis syndrome, Cowden’s syndrome,
Bannayan-Ruvalcaba-Riley syndrome, Peutz-Jeghers
syndrome, basal cell nevus syndrome, neurofibromatosis 1,
and multiple endocrine neoplastic syndrome 2B. Hereditary
mixed polyposis syndrome is a variant of juvenile polyposis
characterized by both hamartomatous and adenomatous
polyps. The hamartomatous syndromes occur at approximately 1/10th of the frequency of the adenomatous
syndromes and account for < 1% of colorectal cancers
in North America[8]. In these inherited diseases, there is a
higher incidence of gallbladder polyps, but there is also

a higher risk of extraintestinal malignancy[4]. While the
diagnosis of these inherited syndromes is primarily clinical,
genetic testing is now available for the six syndromes noted
above. However, a significant number of spontaneous
mutations have been described in each of these syndromes.
Patients with acromegaly are at an increased risk of
developing neoplastic lesions, especially of the large bowel
secondary to an increased incidence of colonic polyps
and carcinomas. Histological examination of the polyps
shows both adenomas as well as hyperplastic polyps. The
pathogenesis is multifactorial. The major mechanism is
believed to be IGF-Ⅰ hypersecretion, as well as mutation
of the tumor suppressor genes, such as adenomatous
polyposis coli and p53, DDC (deleted in colon cancer),
and DNA mismatch repair genes[9,10]. Nevertheless, despite
several analyses the findings remain controversial[11-13]. To
our knowledge, there is no link between gallbladder polyps
and acromegaly. In our patient, the gallbladder polyp was
the only neoplasm identified, and polyps were not detected in the gastrointestinal tract, and no other neoplastic
diseases were observed.
A review of the literature revealed ten cases of bile
duct villous adenomas[6]. The most common location of
these tumors was at the ampulla of Vater[14]. Most patients
presented with obstructive jaundice and were treated
surgically, supporting the importance of meticulous
preoperative assessment and judicious use of surgical
exploration.
In our patient, cholecystectomy was the ideal procedure.
Laparoscopic cholecystectomy is generally the preferred
operative choice. However, if the chances of malignancy
are considered high, for example in polyps larger than 2
cm, open surgery is preferable in order to reduce the risk
of tumor seeding associated with laparoscopic surgery[15].
This is why an open cholecystectomy was performed in
our patient. Besides the clinical features, certain US and
EUS findings are highly indicative of malignancy. Choi[16]
presented a scoring system based on five variables: layer
structure, echo pattern, margin of the polyp stalk, and
number of polyps. Based on this scoring system, the
appearance of the polyp in our patient (heterogeneous
echo pattern, lobulated margin, sessile, multiple), despite
preserved layer structure was highly suspicious for a
malignant lesion. Thus, the scoring system is more accurate
if the polypoid lesion measures between 5-15 mm.
Based on an analysis of surgical specimens of gallbladder
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polyps, it has been suggested that in symptomatic patients
there should be no reservation about the need for surgery,
regardless of the size of the lesion. Factors associated with
an increased risk for malignancy are: age of the patient
(> 60 years), size of the polyp (> 10 mm) and coexistence
of gallstones. Other authors have suggested the following
features as suspicious for malignancy and therefore an
indication for surgical treatment: wide base lesion, lesion
tending to enlarge in a short period, long pedicle, polyps at
the neck preventing emptying of the gallbladder, and polyps
associated with irregular thickening of the gallbladder
wall[2,17,18].
A causal relation between the acromegaly and villous
adenoma of the gallbladder cannot be established on
the basis of a single case. Although the vast majority of
gallbladder polyps are benign, these patients need careful
evaluation and appropriate follow-up. In the present
case, the polypoid lesion in the gallbladder was a villous
adenoma, which has a significant potential for malignant
transformation.
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TO THE EDITOR
It is not generally known that patients with duodenal
ulceration were being treated with an antibiotic,
Furazolidone, in China five or more years before Marshall
and Warren [1] published their seminal paper in 1984
about the association between duodenal ulceration and
Campylobacter like organisms in the stomach, later named
H pylori. Marshall and Warren won the 2005 Nobel Prize in
physiology or medicine for their work on how a bacterium
can relate to gastric inflammation or peptic ulceration.
In 1981 I was invited by the Bureau of Health to a
lecture/research tour of rice-growing areas of China in
connection with research into the geographical prevalence
of duodenal ulceration in relationship to staple diets.
During that visit I met Professor Zhi-������������������
T�����������������
ian Zheng at the

Third Teaching Hospital in Beijing, and he told me about
a series of duodenal ulcer patients, 80% of whose ulcers
had healed, and had remained healed for 3 years, following
a 2 wk course of treatment with Furazolidone. At the time
I was very sceptical about this.
I was invited back to China in 1984, this time to make
a tour of the wheat and millet-growing areas, and once
again I visited Professor Zhi-��������������������������
T�������������������������
ian Zheng in Beijing. By
then he had gathered a much larger number of patients
whose duodenal ulcers had healed following treatment
with Furazolidone, and who were remaining in remission.
I persuaded him to publish this, and a letter from him and
his colleagues appeared in The Lancet in 1985[2].
Later in this tour I found that Professor Huai-���
Y��u
Zhao in Lanzhou had similar findings which he and his
colleagues also reported later in the same year in a letter to
The Lancet[3].
It seems only right that Professors Zhi-�����������
T����������
ian Zheng
and Huai-Yu Zhao and their colleagues in China should
have some of the credit for having linked persistence
and recurrence of duodenal ulceration with a bacterial
infection.
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Abstract
Imaging of both benign and malignant anorectal diseases
has traditionally posed a challenge to clinicians, and as
a result history and physical exam have been relied on
heavily. CT scanning and endorectal ultrasound have
become popular in assessment of anatomy and staging of
tumors, but have limitations. Magnetic resonance imaging
(MRI) has the capability to fill in the gaps left open by
more conventional imaging modalities and continues
to be promising as the definitive imaging technique in
the pelvis, especially with advancement of emerging
technologies in this field. A comprehensive review of this
topic has been undertaken. Anorectal disease is divided
into three broad categories: cancer, fistula/abscess,
and pelvic floor disorders. A review of the literature is
performed to evaluate the use of MRI and other imaging
modalities in these three areas. Preoperative imaging is
useful in the evaluation of all three areas of anorectal
disease. MRI is an effective tool in delineating anatomy
and, when correlating with the specific clinical scenario,
is an effective adjunct in clinical decision-making in order
to optimize outcome. MRI continues to be a promising
and novel approach to imaging various afflictions of the
anorectum and the pelvic floor. Its role is more wellestablished in some areas than in others, and there are
still significant limitations. As technology advances, MRI
will shed more light on a complex anatomical area.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Imaging of anorectal disease has always posed a challenge
to clinicians. This is an area of the body with a complex
array of muscle groups and tissue planes which can easily
mask extension of a tumor, conceal the path of a complex
fistula, or hide the subtle anatomic defect responsible
for disordered defecation. Because of these difficulties,
clinicians rely heavily on history and physical examination
to guide diagnosis and management of anorectal disorders.
There are certain areas where imaging can provide crucial
information, and these include malignancy, fistula, and
pelvic floor disorders. Traditionally, the modalities of
choice for imaging anorectal disease have been ultrasound
and CT scan. Each of these has unique limitations, but
they provide helpful information, especially when used
in combination. With the advent of recent technology
including endoanal coils and phased array imaging,
magnetic resonance imaging (MRI) has begun to play
a more prominent role in imaging anorectal disease. In
many cases it surpasses the ability of ultrasound and CT
scan, and often accomplishes in one test what would have
previously only been possible with multiple, if any. This
paper will review the imaging modalities that are used in
anorectal cancer, fistula disease and pelvic floor disorders,
with a focus on MRI.

RECTAL CANCER
The management of rectal cancer has evolved over the
years, with preoperative imaging playing an increasingly
prominent role. Formerly, patients with rectal cancer would
often be diagnosed clinically and proceed to the operating
room without any further preoperative workup. Surgeons
had limited knowledge of tumor characteristics and the
presence of metastatic disease, which led to a high rate of
incomplete disease resection.
With the advent of neo-adjuvant chemotherapy, preoperative imaging has become even more essential. If
patients are imaged pre-operatively and the extent of their
disease determined in this manner, they can be reliably
placed into one of several treatment categories. If the
tumor is truly superficial (T1 or less) and there is no locally
advanced or nodal disease, the patient may be a candidate
for transanal endoscopic excision of the tumor[1]. For a
deeper tumor which is still confined to the rectum (T2 or
T3) and with no nodal disease, total mesorectal excision
and postoperative chemoradiation is likely the best
choice. For locally advanced tumors which may involve
the mesorectal fascia (Figure 1) or very distal tumors,
neo-adjuvant therapy is indicated to increase chances of
www.wjgnet.com
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resectability or allow for a sphincter-preserving operation
and avoid a permanent colostomy[2].
Preoperative imaging is key in determining the degree
of local invasion of a tumor, the presence of nodal
metastases, whether there is invasion of the meso-rectal
fascia, and the presence of a circumferential resection
margin. There are several imaging modalities which have
been utilized for this purpose, and there is currently no
consensus as to which ones identify preoperative stage
most reliably.
Endorectal ultrasound may be the most reliable
method for evaluating the degree of tumor invasion into
the rectal wall (accuracy 69%-97%)[3]. It is more accurate
for superficial tumors than more advanced rectal cancer,
since there is a sudden drop off in tissue resolution a
certain distance away from the probe. Overstaging can be a
problem, as scarring and hematomas from previous biopsy
sites can be mistaken for tumor. Also, ultrasound provides
limited evaluation of lymph node involvement and the
mesorectal excision plane. Lastly, it is highly operatordependent which can lead to inconsistencies.
Traditionally, CT scan has been used to assess the
anatomy of the entire pelvis as well as identify distant
metastases. CT has been shown to have high accuracy
for locally advanced tumors, but its limited contrast
resolution does not allow for detailed evaluation of the
rectal wall. It is therefore suboptimal for staging of more
superficial tumors. CT is relatively low-cost and more
quickly and easily available than MRI, and can survey the
whole body in seconds for transmural spread, involvement
of surrounding structures, and the presence of distant
metastases[4].
Initially, MRI was comparable to CT in the limited
degree of resolution of the layers of the rectal wall it
provided. With the advent of new MRI technology such
as endoluminal and phased array coils, this method has
been gradually replacing CT in many institutions for the
assessment of local disease. It is superior in identifying
layers of the rectal wall and provides a more accurate
tumor stage (71%-91%)[5]. Endoluminal coil MRI is not
widely available. It also shares some of the limitations
of endorectal ultrasound with a limited field of view
which does not include mesorectal fascia and surrounding
pelvic structures. Also, the positioning of the coil can be
a problem in patients with high tumors or tumors which
significantly narrow the rectal lumen.
Phased array coil MRI is a surface coil system with
four or more coils in the anterior and posterior positions.
Each coil produces separate images which are combined
to provide high-resolution images. It, therefore, achieves
more detailed tissue resolution over a larger field of view.
Its accuracy for tumor staging has been reported to be
comparable to that of endorectal ultrasound, providing
optimal visualization of the anal sphincter complex as
well as the anal canal including the levator ani muscle
and puborectalis[6]. With the use of external coils, MRI
has an accuracy of 65%-86% for tumor staging of
rectal cancer[7,8]. It also provides good visualization of
the mesorectal fascia, which allows for prediction of a
circumferential resection margin (CRM). In one study of
76 patients, accurate prediction of the CRM was close
www.wjgnet.com
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Figure 1 A 52 years old woman with rectal cancer. Axial T2 (A) and axial fat
suppressed gadolinium-enhanced T1-weighted (B) MR images demonstrate
circumferential soft tissue thickening and abnormal enhancement of the rectum
consistent with a neoplasm. Direct mesorectal invasion is present (arrows in B) as
well as perirectal adenopathy (arrows in A).

to 100%[9]. It is well established that tumoral invasion of
the CRM leads to a high rate of recurrence[10]. The subset
of patients with T3 tumors who have CRM involvement
benefit from neoadjuvant treatment, and surface coil
MRI has been consistently shown to accurately identify
CRM involvement. This modality may, therefore, have the
most potential in terms of its ability to reliably determine
whether immediate resection or neoadjuvant therapy is
indicated in patients with borderline tumor stage.
Identifying nodal disease is problematic in any
of the previously discussed imaging modalities, since
micrometastases are often found in normal sized lymph
nodes. Radiologic criteria for abnormal nodes rely on
the size and shape of the nodes, and alterations in these
characteristics are often not present in rectal cancer[11].
Alternative methods for identifying nodal involvement
include positron emission tomography (PET) scanning,
which has proven more useful in identifying distant
metastases or recurrent rectal cancer than the primary.
MR imaging with ultrasmall superparamagnetic iron
oxide (USPIO) contrast agents is a new method for the
evaluation of nodal metastasis. This is an agent that is
taken up by the reticular endothelial system (RES) in
normal lymph nodes and decreases T2 signal intensity. In
pathologic nodes where the RES is replaced by tumor
deposits there are deficits in USPIO uptake and, therefore,
increased signal. This technique has been validated in
urologic tumors, but its role in rectal cancer is not yet
defined[12].

Berman L� et al . MRI in anorectal disease

Once patients have been radiographically evaluated
and it is determined that neoadjuvant therapy is indicated,
the next challenge lies in tumor restaging. This is a
significant problem, since radiation causes scarring and
fibrosis which can easily be mistaken for tumor and lead
to overestimation of the tumor stage. Alternatively, there
may be residual cancer beneath normal mural structure
which can be missed on MRI and lead to understaging.
Chen et al[13] evaluated 50 patients with rectal cancer who
had undergone preoperative chemoradiation and found
that MRI had a 52% accuracy rate in tumor stage and
68% in node stage. Most of the inaccuracy was caused by
overstaging. Kuo et al[14] in a similar series of 36 patients,
found accuracy rates of 74% for tumor stage and 64% for
node stage, with a similar bias towards overstaging. The
authors of both studies concluded that although MRI is
valuable in the initial staging of rectal cancer, its accuracy
is greatly decreased after chemoradiation.
There are few alternatives to traditional imaging for
restaging in patients who have undergone neoadjuvant
therapy. Diffusion-weighted magnetic resonance imaging
(DWI) creates images with signal intensity that is sensitized
to the random motion of free water molecules[15]. Tumor
water mobility is altered by chemoradiation; DWI can
thereby differentiate radiation-induced fibrosis from
residual tumor. Functional imaging modalities such as
PET-CT are also useful for restaging, taking advantage of
the functional aspects of tumor biology and interpreting
this in the context of the radiographic appearance.
Even with preoperative imaging and neoadjuvant
chemoradiation, local recurrence rates have still been
quoted to be as high as 32% [16]. Considering the high
rate of recurrence after curative resection, continued
surveillance is crucial. This can be achieved with a variety
of biochemical markers and imaging modalities. Local
recurrence is a significant problem after resection of
rectal cancer, and more consistent preoperative radiologic
evaluation is likely to lead to improved rates of complete
resection and decreased local recurrence. The role for MRI
in elucidating this disease process continues to evolve. As
MRI technology advances, it will increase the accuracy of
patient stratification into appropriate treatment groups
with or without neoadjuvant therapy, thereby improving
the efficacy of operative intervention.

ANAL FISTULA
Peri-anal abscess and fistula disease are relatively common
conditions which can be challenging to manage surgically
because of their high recurrence rate after operative
therapy. Traditionally, these patients are diagnosed clinically,
and examination under anesthesia is the primary method
of defining the extent of the disease process. This method
often leads to misinterpretation of fistula anatomy and
failure to detect complex fistulas, especially in patients with
inflammatory bowel disease or recurrent fistula disease. It
has been shown that previous fistula surgery, complexity
of fistula anatomy, failure to identify the internal opening,
wrongly diagnosed primary tracks, and missing secondary
tracks are all independent risk factors associated with poor
outcome after surgery[17]. It has more recently become the
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A

Figure 2 A 34 year old
woman with a transphincteric
peri-anal fistula. Coronal fat
suppressed T2-weighted MR
images demonstrate a long
right sided peri-anal fistula
(arrows in A) which drains
to the right gluteal cleft.
In B, notice the fistulous
tract (long arrow) extending
through the levator muscle
(short arrows). There is no
evidence of abscess along
the tract.

B

standard of care to obtain preoperative imaging in order
to better define fistula anatomy, design a more effective
operation, and avoid recurrent disease. Anorectal MRI,
CT scan, endoanal ultrasound, and anal fistulography are
routinely used in the pre-operative evaluation of these
patients.
Anal fistulography and CT scan are suboptimal imaging
modalities for this purpose. Fistulography is limited in
several ways[18]. Firstly, subtle extensions from the primary
tract may not fill with contrast if they are plugged with
debris, or if they are simply too remote. Also, there is no
visualization of the anal sphincter complex or levator
plate. Thus, the relationship of the fistula to the anal
sphincters, or a supra- or infra-levator location, cannot
be identified[19]. CT attenuation of the anal sphincter and
pelvic floor is similar to that of the fistula itself, therefore,
it is impossible to see unless it is filled with air or contrast
material. CT is only useful in diagnosing fistula-associated
abcesses[19].
MRI and anal endosonography may be the only viable
options for preoperative imaging of anal fistulas (Figure 2).
Endosonography is a quick exam which is usually welltolerated by patients. It is very accurate in identifying the
location of the internal opening of the fistula, since this is
usually at the tip of the ultrasound probe. Intersphincteric
fistulas are very well visualized, and trans-sphincteric
fistulas are seen as tracts that cross the external sphincter
to reach the ischioanal fossa. Fistula extensions are seen as
hypoechoic fluid collections[19].
MRI can be perfor med with surface coils or
endoluminal coils, or a combination of both. The best
spatial resolution is achieved by using a dedicated endoanal
coil, and this can be combined with a surface coil to
increase the field of view. Endoluminal coils are especially
useful in evaluating patients with recurrent fistulas or
www.wjgnet.com
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Crohn’s disease. The precise location and size of the internal
opening can be clearly described, and ano- or recto-vaginal
fistulas can also be visualized. Information about sphincter
integrity can also be obtained, which is useful in patients
who have had previous fistula surgery and may not have
an intact anal sphincter complex. These coils can at times
be difficult to place because of anal stenosis or anal pain in
this patient population, and in these cases the surface coil
alone can provide adequate information[19].
Buchanan et al[20] performed a prospective trial involving
104 patients with suspected fistula in ano who underwent
digital examination, anal endosonography, and body-coil
MR imaging. Each modality was used independently to
classify fistula disease, and compared with an outcomederived reference standard, which was determined based
on MR findings, surgical findings, and outcome after
surgery. The proportion of correctly classified fistula
anatomy was lowest by clinical examination (61%), better
by ultrasound (81%), and best by MRI (97%). Ultrasound
showed good resolution of fistulas and their relation to the
internal and external anal sphincter muscles, but it did have
a limited field of view. The authors concluded that MRI
is the most accurate way to define fistula anatomy, but it
is also expensive and requires expert interpretation which
may not be available in all centers. Anal endosonography
is more readily accessible and interpretable and provides
a reasonable alter n a tive in th e a b sen ce o f M RI.
Discrepancies in endosonography are probably related
to operator expertise, as ultrasound is highly operator
dependent.
Phased array (PA) MR imaging can provide even more
detailed and accurate information when compared with
body coil MR. Beets-Tan et al[21] performed high-resolution
PA coil MR imaging in 56 patients prior to fistula surgery.
Patients were analyzed in groups according to whether
they had a primary fistula in the absence of Crohn’s
disease (simple fistula), a recurrent fistula or primary fistula
with Crohn’s disease (complex fistula). Surgeons started
the operation without knowledge of the MRI findings, but
findings were revealed to them intra-operatively and then
they proceeded with further exploration when necessary.
MRI imaging provided important information in 12 of the
56 patients, with the highest benefit being in the groups
with Crohn’s and recurrent fistula disease (40% and 24%,
respectively) and less benefit in the group with primary
fistulas (8%). The authors concluded that in patients with
complex or recurrent disease, MRI has a more marked
benefit over ultrasound or clinical examination alone,
since it has increased sensitivity for detecting abscess and
horseshoe extensions.
High-resolution MR fistulog raphy uses imag e
subtraction in a protocol containing a contrast-enhanced,
three-dimensional fast low-angle shot (FLASH) sequence.
Images are obtained before and after intravenous injection
of gadolinium helate contrast agents, and then the images
are subtracted which show only enhancing tissues, i.e.
the wall of the fistula. Schaefer et al[22] studied 36 patients
with clinically diagnosed fistula disease and performed
subtraction MR-fistulography preoperatively. MR results
were withheld from the surgeons at the time of operation
and operative findings were compared with MR findings.
www.wjgnet.com
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Overall there was an 89% complete agreement. Lack of
agreement occurred in four patients, all of whom had
multiple fistulas and abscesses in the setting of Crohn's
disease. The authors concluded that this relatively new
technique may be especially useful in evaluating complex
anal fistulas in patients with inflammatory bowel disease.
Overall, it seems that MR imaging, with body coil,
phased array coils, or subtraction fistulography, has an
unequivocal benefit in the preoperative evaluation of
patients with complex fistula disease. MRI has the ability
to accurately classify disease preoperatively, and alert the
surgeon to disease that might have otherwise been missed
in patients with recurrent fistulas or Crohn’s disease. For
simple primary fistulas, examination under anesthesia alone
can be just as effective.

PELVIC FLOOR DISORDERS
Disorders of the posterior pelvic floor may present
with obstructed defecation or fecal incontinence. The
pathophysiology of these disorders can involve impaired
coordination of skeletal and autonomic muscle activity,
or simply muscle weakness and atrophy which can be
secondary to obstetric injury or neuropathy. Treatment
is dependent on accurate diagnosis of the problem, and
imaging is essential in this aspect. Given that this disease
process is dynamic in nature, it is necessary to obtain
dynamic and anatomic imaging. Traditional methods
include endoanal ultrasound and evacuation proctography.
Endosonography depicts anal sphincter anatomy and
defecography visualizes dynamic pelvic floor motion
during simulated defecation.
There are significant limitations in both of these
modalities, however. Ultrasound, with its limited field of
view, is unable to identify external anal sphincter (EAS)
defects and differentiate these from normal anatomic
variants. This can be a problem specifically with anterior
defects that can occur after obstetric trauma [23] . Its
weakness in identifying EAS atrophy is related to an
inability to distinguish between similarly echogenic muscle
and surrounding peri-rectal fat. Defecography has been
criticized for lack of inter-observer reproducibility and
the poor relationship of defecographic abnormalities to
symptoms[24]. It provides no information about anatomy
of pelvic floor musculature or other surrounding organs,
and for younger patients, the degree of radiation is a
significant limitation[25].
MR imaging has been examined as an alternative to
these limited modalities, because of the intrinsic soft
tissue contrast that is available with MRI. MRI with an
endoanal coil and MRI fluoroscopy has been studied in
the evaluation of anatomic and functional deficits. The
value of dynamic MRI have been enhanced over the past
few years with the advent of surface coils and fast T2weighted imaging techniques. These advances allow for
rapid imaging of the entire pelvic floor at rest and during
straining to localize defects (Figure 3)[26].
Fletcher et al [27] studied six patients with fecal
incontinence and seven with obstructed defecation. These
patients were evaluated with a combination of endoanal
coil MRI, endoanal ultrasound, MR fluoroscopy, and
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Figure 3 A 55 years old woman
with a pelvic floor relaxation. A:
Sagittal T2-weighted MR image
obtained at rest demonstrates
a rectocele (arrow); B: Sagittal
T2-weighted MR image
obtained during a Valsalva
maneuver demonstrates a
severe cystocele (arrow) which
impinges on the anterior wall of
the rectum.

B

scintigraphic defecography. Endoanal MRI was performed
using a disposable endorectal colon coil to obtain images
in the axial, coronal and sagittal plane. The coil was then
removed and 120 mL of ultrasound gel instilled into the
rectum. A four-element, phased array coil system was used
to obtain dynamic MR proctography during rest, squeeze,
and defecation. Once the gel had been fully expressed,
further images were taken at rest and during Valsalva to
assess for levator hernias and extracolonic abnormalities.
In this group of patients, endoanal ultrasound and MRI
were comparable in imaging anal sphincter defects, but
only MRI revealed atrophy of the external anal sphincter
and puborectalis. MR fluoroscopy was found to be
superior to scintigraphy in identifying excessive perineal
descent. The authors concluded that pelvic MRI is the
single modality which can accurately assess anatomical and
functional pelvic floor disorders.
MR defecography was also examined by Rentsch
et al[1], who studied 20 patients with varied pelvic floor
disorders including both fecal incontinence and obstructed
defecation. Dynamic images were obtained at a frequency
of one image per second during evacuation of a contrastenhanced gel from the rectum. This technique resulted in
the diagnosis of descending perineum, rectocele, cystocele,
enterocele, intussusception, and puborectalis dyskinesia.
Diagnoses were consistent with clinical results in 77% and
additional diagnoses were revealed in 34%. The authors
concluded that dynamic MR imaging had a significant
impact on the diagnosis and treatment of these disorders.
MR imaging is advantageous in assessing obstructed
defecation and fecal incontinence. It provides better details
of structural anatomy with good soft tissue contrast to
define anatomical planes, and also has superior temporal
resolution for the examination of functional abnormalities.
Its role may be most essential in patients with complex
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multi-compartment disorders, as it provides an accurate
and detailed representation of the whole pelvis, and can
guide interdisciplinary treatment. Although MRI has
certain advantages, endoanal ultrasound and evacuation
defecography are more widely available and have had a
significant impact on the diagnostic approach to pelvic
floor disorders.

CONCLUSION
Preoperative imaging is essential to effective diagnosis
and treatment of anorectal cancer, complex fistulas, and
pelvic floor disorders. The extent of a tumor can be
fully described, and patients appropriately referred for
neoadjuvant treatment when indicated. Complex fistulas
can be more readily identified and fully explored in the
operating room with knowledge gained by preoperative
imaging. Pelvic floor disorders are more effectively
diagnosed and managed when functional and anatomic
studies are performed. The role of imaging has been well
established as a valuable tool to be used in conjunction
with a thorough history and physical examination in
these patients. Advances in imaging technology, largely
MRI, contribute to the improvements in outcome that
have been seen. There are, however, still significant
limitations, such as tumor restaging in patients who have
undergone neoadjuvant therapy. Perhaps further advances
in technology will enable us to distinguish scar tissue from
neoplastic growth, or identify residual tumor lying beneath
normal mural structures. Despite the progress that has
been made in elucidating anatomical and functional defects
in a complex system, there is still significant need for more
research.
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Abstract
Liver plays a vital role in the production and catabolism
of plasma lipoproteins. It depends on the integrity of
cellular function of liver, which ensures homeostasis
of lipid and lipoprotein metabolism. When liver cancer
occurs these processes are impaired and high-density
lipoproteins are changed.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Liver cancer is often followed procession of chronic
hepatitis or cirrhosis, therefore hepatic function is
damaged obviously on these bases, which may significantly
influence lipid and lipoprotein metabolism in vivo[1,2]. In
this review we summarized the high density lipoproteins
(HDL) metabolism in liver cancer.
Biologic character and physiological functions of HDL
HDL are a heterog eneous mixture of spherical
macromolecules which differ in size (80-120A), and
chemical composition (apolipoprotein A-Ⅰ, apolipoprotein
A- Ⅱ ) [3]. ApoA- Ⅰ is present on the majority of HDL
particles and constitutes 70% of the apolipoprotein
content of HDL particles[4], It is involved in the metabolic
interconversions that occur as a result of cholesteryl

ester transfer protein (CETP), lecithin: cholesterol
acyltransferase (LCAT) and lipase activities and their role
in the formation of mature HDL and in reverse cholesterol
transport[5]. And Kunitake et al[6] reported that the pre-beta
sub-population can be observed directly in fresh plasma by
immunoelectrophoresis. It contains phospholipid and free
and esterified cholesterol. But, protein constitutes 90%
of its mass, and the protein moiety of this subpopulation
exhibits markedly lower helicity than that of high density
lipoproteins isolated by ultracentrifugation. It was utilized
gelose gradient polyacrylamide gel and divided α-HDL
to HDL2a, HDL2b and HDL3[7], also in association with a
few molecules of sphingomyelin and phosphatidylcholine,
β-HDL was divided β1-, pre β2- and pre β3-HDL[8-11].
The majority of the HDL particles contain apoA-I.
Differences in the quantitative and qualitative content of
lipids, apolipoproteins, enzymes, and lipid transfer proteins
result in the presence of various HDL subclasses, which
are characterized by differences in shape, density, size,
charge, and antigenicity[7]. It is accepted that a low level
of HDL cholesterol is an important cardiovascular risk
factor[12]. Also, the liver is a major source of the plasma
lipoproteins [4]. These data indicate that the putative
primary site of human HDL synthesis is in the liver[13,14].
Epidemiological studies have shown that obesity is a risk
factor for hepatocellular carcinoma[15].
Metabolism of HDL in liver
It is a relative balance in metabolism of cholesterol and
lipoprotein under normal liver function, it was influence
of metabolism in lipoprotein with liver disease[16], and
an impaired lipid metabolism is often found in patients
with chronic liver diseases[17]. HL activity is suppressed
by estradiol and increased by testosterone[18,19], estradiol
to advance in liver cancer, but testicular hormone secrete
ability is depressed, it was confirmed that transgenic
overexpression of HL in either mice or rabbits decreased
HDL-C levels[20, 21].
In addition, in the hepatocellular metabolism of longchain fatty acids suggest that increased fatty acid oxidation
by way of extra mitochondrial pathways results in a
corresponding increase in the generation of hydrogen
peroxide, thus, oxidative stress leads to alterations in gene
expression and in DNA itself, which may also contribute
to nonneoplastic liver injury and to tumorigenesis in other
tissues[22]. As a result of lipid peroxidation probably play
significant roles in clonal expansion and hepatocellular
carcinoma progression [15] . Liver cancer is frequent
malignant tumor, most of them based liver cirrhosis, and
hepatic function was damaged obviously, analysis of the
www.wjgnet.com
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cholesterol (Chol) and triglyceride (TG) fractions. Liver
diseases were classified into chronic hepatitis (CH), liver
cirrhosis (LC), hepatocellular carcinoma (HCC), and
metastatic liver cancer, and each fraction was compared
among these diseases. Metastatic liver cancer showed a
lower HDL-fraction level, but higher levels of the other
parameters than HCC. the HDL fraction level in HCC
and metastatic liver cancer, and the LDL level in LC and
metastatic liver cancer differed between survivors and
patients who died. Lipid analysis in liver diseases by this
method showed results reflecting the pathologic conditions
and may be clinically useful[23].
Metabolism of reverse cholesterol transport of HDL in liver
cancer
Reverse cholesterol transport (RCT) is a pathway
transporting cholesterol from extrahepatic cells and tissues
to the liver, and perhaps intestine, for excretion. That
antiport process is determined at least partially by the HDL
concentration in the blood[24], uptake of cholesterol from
cells by specific acceptors, esterification of cholesterol
within HDL by LCAT transfer of cholesterol to the apoBcontaining lipoproteins (cholesterol transfer); remodeling
of HDL and uptake of HDL cholesterol by the liver
and possibly also by kidney and small intestine through
lipoprotein receptors[9]. CETP is an important determinant
of lipoprotein function, especially high density lipoprotein
metabolism, and contributes to the regulation of plasma
HDL levels[25]. So high density lipoprotein plays a key role
in the reverse cholesterol transport pathway in liver[26,27].
The liver contributes free cholesterol to the plasma
lipoproteins which participate in the process of reversecholesterol transport. But when cells were incubated with
equivalent concentrations of isolated lipoproteins, HDL
was much more effective in promoting [14C] cholesterol
efflux than LDL, suggesting that unesterified cholesterol
is initially transferred to HDL and then to LDL [28].
Serum concentrations of apolipoprotein A- Ⅰ and AⅡ were determined in patients with hepatic metastases
of colorectal cancer, with primary liver cancer and with
cirrhosis. In all three liver diseases, the HDL fraction and
apolipoproteins A-Ⅰand A-Ⅱ showed significantly low
values [29]. To establish whether there is any significant
relationship between high-density lipoprotein cholesterol
concentrations and biopsy-documented liver disease,
169 patients had needle biopsies, serum cholesterol,
and HDLC evaluated. In both men and women, HDLC
decreased strikingly and significantly in acute alcoholic
hepatitis and in acute viral hepatitis, compared to controls.
Men and women with inactive alcoholic liver disease
and chronic active hepatitis showed moderate decreased
in HDLC. Patients with primary and metastatic hepatic
neoplasms also had strikingly decreased HDLC[30].
Cell surface receptor influence HDL metabolism in liver
cancer
Hepatoma cell lines serve as a suitable model for the
study of hepatic receptors for lipoprotein in man[31]. The
experiments also demonstrate that the responses at least
of some of the receptors of the hepatoma cells in culture
www.wjgnet.com
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resemble those of hepatocytes in vivo and in vitro[32].
The importance of hepatic apolipoprotein (apo) E in
lipoprotein metabolism is evidenced by the fact that the
level of apoE expression determines the fate of LDL
and HDL3 [33]. Although studies in recombinant cells
indicate that scavenger receptor class B, typeⅠ(SR-BI) can
promote cholesterol efflux, investigations in transgenic
mice overexpressing or deficient in SR-BI support
its physiological function as selectively sequestering
cholesteryl esters from high density lipoproteins[34].
Impaired capacity of acute-phase high density
lipoprotein particles to deliver cholesteryl ester to the
hepatoma cell line[35] suggest that plasma high-density
lipoproteins are cleared from the circulation by specific
receptors and are either totally degraded or their cholesteryl
esters are selectively, delivered to cells by receptors such
as the scavenger receptor class B typeⅠ(SR-BI)[36]. The
fact that the capacity for cellular cholesterol efflux from
HUH-7 cells is slightly impaired by AP-HDL (compared
with HDL) is supports the concept that scavenger receptor
class B, typeⅠ(SR-BI), of the human hepatoma cell line,
increased HDL binding with cholesterol loading that was
specific for HDL3, and hepatic tissue can modulate its
recognition of HDL. Hepatic membranes from a patient
lacking normal hepatic LDL receptors bound apo AⅠHDL normally. These data indicate that a saturable,
specific regulatable receptor for apo E-free HDL is present
in human liver[37].
Lipids or proteins of α-HDL are removed from the
circulation by at least 2 direct pathways, which involve
the selective uptake of lipids by scavenger receptor B1
(SR-BI) and the holoparticle uptake by apoE or apoA-Ⅰ
receptors[38-41]. ApoE-containing HDLs, which constitute
the minority of HDLs, are internalized by hepatic apoE
receptors (LDL receptor and LDL receptor-related
protein)[42]. Tall and colleagues have suggested the presence
of a hepatic leptin-regulated HDL receptor, which
regulates HDL-C levels by mediating holoparticle uptake
into liver cells[43].
Adjustment of hepatic lipase to HDL in liver cancer
HDL plays a key role in the lipids of binding and delivery,
and is a key enzyme in lipoprotein adjustment. Hepatic
lipase (HL) hydrolyzes phospholipids and triglycerides
in all lipoprotein classes [44,45]. HL is a lipolytic enzyme
involved in the metabolism of plasma lipoproteins,
especially HDLs[46].
Genetic factors have been shown to play an important
role in determining interindividual variation in plasma
HDL-C levels [47]. HL may hydrolyze phospholipids of
surface layers from HDL and plasma membrane and
thereby enable the flux of cholesteryl esters from the
lipoprotein core into the plasma membrane[48,49].
It is important role of hepatic triacylglycerol lipase
(H-TGL) in promoting the liver uptake of HDL free and
esterified cholesterol[50]. But hepatic lipase can enhance the
delivery of high-density lipoprotein cholesterol to cells by
a process which does not involve apoprotein catabolism[51].
Hepatic lipase (HL) gene transcription is almost exclusively
limited to hepatocytes [52]. Hepatic lipase mediates an

Jiang JT et al . HDL and liver cancer

increase in selective uptake of high-density lipoproteinassociated cholesteryl esters [53]. Approximately 28% of
the HDL phosphatidylcholine was hydrolyzed by the
hepatic lipase. The stimulation of free cholesterol delivery
was dose-dependent up to a level of 100 micrograms of
HDL free cholesterol/ml of extracellular medium, and
was directly related to the extent of phosphatidylcholine
hydrolysis. The enhanced cellular accumulation of HDL
free cholesterol observed with hepatic lipase appears to be
due to the phospholipase activity of this enzyme[54].
Hepatic lipase stimulates the internalization of
apoprotein (apo) B-containing lipoproteins by hepatocytes
independent from lipolysis. In this study, the role of HL in
the hepatic metabolism of apo A-I-containing lipoproteins,
i.e. HDL, was investigated. To explore the role of these
molecules for the HL effect on selective CE uptake,
hepatoma cells were depleted of proteoglycans or Chinese
hamster ovary (CHO) cells deficient in proteoglycan
synthesis were used. Proteoglycan-deficiency reduced the
HL-mediated increase in selective uptake by more than
80%[53].
The inverse correlation between HL activity and
HDL-C [55], is due to hepatic lipase stimulation of the
uptake of high density lipoprotein cholesterol by hepatoma
cells [54] . Hepatoma cells exposed to hepatic lipasemodified HDL, showed an increased uptake of HDL free
cholesterol relative to cells exposed to control HDL[30].
Regulation HDL in liver cancer by protein kinase
Protien kinase C is a key molecule in signal transduction
pathway, and significant control role in cell growth and
deterioration[56]. It plays an important role in many of
HDL effects on cells[57]. There is close correlation between
carcinogenesis in liver and abnormalities in PKC-α
abnormality expression [58,59]. HDL receptor-mediated
translocation and efflux of intracellular cholesterol occurs
through activation of protein kinase C [60]. Activation
of protein kinase C enhances and inhibition of PKC
suppresses apolipoprotein-mediated cholesterol efflux[60,61].
High density lipoprotein stimulates multiple signaling
pathways. HDL-induced activation of the mitogenactivated protein kinase (MAPK) pathway can be mediated
by protein kinase C[62], and high expression in liver tissue[56].

PROSPECT
The liver plays a vital role in the production and clearance
of a large number of lipoproteins and is an important
determinant of the plasma levels of various lipids[63]. Lipid
analysis in liver diseases by this method showed results
reflecting the pathologic conditions and may be clinically
useful [23]. It may be a good indicator of the hepatic
protein synthetic ability during the perioperative period
after hepatectomy[64]. Drinking instant coffee powder, in
addition to increased uptake HDL-cholesterol, resulted in
amelioration of abnormal lipoprotein profiles occurred
in hepatoma-bearing rats and has the ability to induce
cell cycle arrest and apoptosis in hepatoma cells and to
suppress tumor cell invasion. It could also exhibit these
effects that lead to the inhibition of tumor growth and
metastases[65]. High density lipoprotein as a potential carrier
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for delivery of a lipophilic antitumoral drug into hepatoma
cells[66], to supply a new treatment method in liver cancer.
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Abstract
AIM: To estimate if and to what extent long acting
octreotide (LAR) improves survival and quality of life in
patients with advanced hepatocellular carcinoma (HCC).
METHODS: A total of 127 cirrhotics, stages A-B, due
to chronic viral infections and with advanced HCC, were
111
enrolled in the study. Scintigraphy with Indium labeled
octreotide was performed in all cases. The patients
with increased accumulation of radionuclear compound
were randomized to receive either oral placebo only or
octreotide/octreotide LAR only as follows: octreotide
0.5mg s.c. every 8 h for 6 wk, at the end of wk 4-8
octreotide LAR 20 mg i.m. and at the end of wk 12 and
every 4 wk octreotide LAR 30mg i.m.. Follow-up was
worked out monthly as well as the estimation of quality
of life (QLQ-C30 questionnaire). Patients with negative
somatostatin receptors (SSTR) detection were followed
up in the same manner.
RESULTS: Scintigraphy demonstrated SSTR in 61
patients. Thirty were randomized to receive only placebo
and 31 only octreotide. A significantly higher survival
time was observed for the octreotide group (49 ± 6 wk)
as compared to the control group (28 ± 1 wk) and to the
SSTR negative group (28 ± 2 wk), LR = 20.39, df = 2,
P < 0.01. The octreotide group presented 68.5% lower
hazard ratio [95% CI (47.4%-81.2%)]. During the first
year, a 22%, 39% and 43% decrease in the QLQ-C30
score was observed in each group respectively.
www.wjgnet.com
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INTRODUCTION
He patocellular carcinoma (HCC) ranks eighth in
frequency among malignancies worldwide, representing
the third largest cause of cancer-related death, with an
estimated mortality rate of about one million deaths
annually and an incidence-to-mortality ratio very close to
one[1,2]. In Mediterranean countries, HCC occurs mainly
in patients with cirrhosis due to chronic infection by
hepatitis B (HBV) and C (HCV) viruses and/or alcohol
consumption. Cirrhotic males with increased alphafetoprotein (AFP) levels present the highest risk [3-5] .
There is no data to propose a therapeutic algorithm for
HCC to be implemented globaly. Liver transplantation
(from cadaveric or living donors), surgical resection and
percutaneous ethanol injection (PEI) and transcatheter
arterial chemoembolizatin (TACE) achieve a relatively high
response rate and can be classified as curative or effective
treatment modalities, but only in selected candidates
with small (< 5 cm) tumors[3-10]. Radio-frequency thermal
ablation, microwaves, laser photocoagulation and
cryosurgery are relatively new therapeutic methods with
effectiveness sometimes comparable to PEI, but the
experience is still limited[11-15]. Unfortunately, these therapies
might only be effective in 30% of patients with HCC,
whereas the remaining may benefit only from palliative
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therapeutic approaches such as intraarterial administration
of radionuclear compounds or chemotherapeutic
agents, systemic chemotherapy, hormone or vitamine
administration and several combinations of the methods
reported above with controversial impact on survival and
quality of life[15-20]. Somatostatin and its synthetic analogues,
octreotide and lanreotide, play an important role in the
management of gastroenteropancreatic neuroendocrine
tumors through peptide suppression and antiproliferative
plus apoptosis-inducing mechanisms[21-23]. Five cell-surface
somatostatin receptors (SSTR), SSTR-1 through SSTR-5,
have been characterized. Based on structural similarity
and reactivity for the hexapeptide and octapeptide
somatostatin analogues, SSTR-2, 3 and 5 belong to the
same SSTR subclass. SSTR-1 and 4 react poorly with
these analogues and belong to a separate subclass[24]. The
presence of SSTR on the human HCC cells have not
been adequately studied. A study of Reubi et al[25] reports
that 41% of the HCC tissue samples overexpressed
SSTR and 47% expressed vasoactive intestinal peptide
(VIP) receptors with high affinity for somatostatin and
octreotide. Further studies demonstrated high detection
rates of SSTR 2,3 and 5 in HCC cells, although with high
heterogenicity even in the same tumor, but also with
high affinity to octreotide [26-28]. Somatostatin receptor
scintigraphy (Octreoscan: Mallinckrodt Medical, Petten,
Holland) currently is recognized as the gold standard for
imaging of SSTR-2 and 5 positive tumors[29,30]. With an
overall sensitivity ranging between 80% and 90%, it is
effective in detecting primary and metastatic lesions not
apparent by conventional imaging techniques in patients
with neuroendocrine tumors, except insulinomas, and
also in patients with small cell lung cancer, meningioma,
breast cancer and astrocytomas[29,31]. Besides confirming
the diagnosis and localizing tumor, somatostatin receptor
scintigraphy has proved useful in predicting response to
cold somatostatin analog treatment[32]. The administration
of octreotide as monotherapy, in patients with advanced
HCC, has achieved controversial results[33-36].The major
drawback of the studies performed until now, was the
unknown presence or not of SSTR in the tumor of
patients of the treated and the control group.
The primar y end point of the present placebocontrolled clinical trial was to estimate if and to what
extent the administration of Octreotide Acetate LongActing Formulation (Sandostatin LAR) improves survival
rate of patients with HCC-SSTR positive and A-B stage
cirrhosis with respect to tumor size and AFP levels. The
secondary end point of the study was to evaluate the
quality of life of these patients.

MATERIALS AND METHODS
Design of the study
The present study is a randomized placebo-controlled
clinical trial. Sixty-one patients with hepatocellular
carcinoma and overexpression of SSTR in the tumor were
allocated into the two treatment arms, of whom thirty
received only oral placebo (control group) and 31 received
only octreotide (octreotide group). Patients’ allocation
into the two treatment arms was based on a sequence of
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random binary numbers (i.e. 111100111010 …) that was
developed in a computer based program. A value of 1
allocates patients in the group of octreotide and a value
equal to 0 in the placebo group. Furthermore 66 patients,
with negative scintigraphic findings, did not receive any
treatment (SSTR-negative group). No differences regarding
gender and age were observed among the study groups
(χ2 = 3.47, df = 2, P > 0.05 and F = 0.009, df = 125, P >
0.005 respectively).
The duration of follow-up was scheduled to be 3
years. A total of 127 patients, 78 men and 49 woman,
with advanced HCC (unresectable tumor, metastatic
disease, not suitable for TACE) and cirrhosis stage A or
B, after written informed consent, according to bioethical
principles in medical research and the declaration of
Helsinki (Revised 1983), were enrolled in the study.
The study protocol was approved by the hospital ethics
committee. Exclusion criteria was cirrhosis stage C, portal
vein thrombosis, Karnofsky score > 70%, clinical hepatic
encephalopathy, previous treatment for HCC and previous
somatostatin/somatostatin analogues administration
for other reasons. All patients had liver cytology (fine
needle aspiration-FNA CT guided) compatible with the
disease. We preferred FNA in place of guided liver biopsy
because of the realiability of the method and the minor
risk of complications[37]. The morphology of the tumor,
according to the gross classification of Eggel, was as
follows: massive type (> 6 cm) 87 patients, 53 men and
34 women, multinodular type (> 4 nodules or 3 nodules
more than 4 cm one of them in diameter) 26 patients, 15
men and 11 women, and diffuse type 14 patients, 11 men
and 3 women. The etiology was: chronic HBV infection 59
patients, 39 men and 20 women, chronic HCV infection
62 patients, 37 men and 25 women, and chronic HBV
and HCV co-infection 6 patients, 3 men and 3 women.
An additional history of alcohol abuse was noted in 16
patients, 9 (8 men, 1 woman) with chronic HBV infection,
6 (4 men, 2 women) with chronic HCV infection and 1
(man) with HBV and HCV co-infection.
Scintigraphy with 111Indium-labeled octreotide was
performed in all patients after confirmation of diagnosis,
for deter mination of SSTR. For the uptake of the
radiopharmaceutical 111Indium-labeled octreotide in our
study we applied the Krennings’ score. According to
this: score zero means no abnormality, one means faint
uptake, two means clear uptake in the tumor, but less
than in the liver, score three means a higher uptake than
that in the liver and four shows that there is increased
accumulation in the tumor[38].The images were visually
analyzed by two blinded inde pendent obser vers,
specialists in nuclear medicine, with disagreements
resolved by consensus. The variability rate between the
observers was low, almost 10%.
The patients with increased uptake of radionuclear
compound in the liver, Krenning’s score three and four,
were randomised to receive either only oral placebo or
only octreotide s.c. and octreotide long-acting formulation
i.m. (Sandostatin and Sandostatin LAR; Novartis, Basel,
Switzerland) as follows: octreotide 0.5 mg s.c. every 8 h
for 6 wk. At the end of wk 4 and 8 octreotide LAR 20
mg i.m. For the period between wk 4 and 6 octreotide
www.wjgnet.com

Analysis

Follow up

Allocation

Enrolment

3166

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

June 21, 2007

Octreoscan (-)
n = 66

Allocated to octreotide
n = 31
Received octreotide
n = 30
Did not receive octreotide
n=1
Reason: Refused therapy

Allocated to placebo
n = 30

Discontinued treatment
n=6
Reason:Diarrhea

Lost of follow up
n=0

Number 23

Figure 2 Increased uptake
of 111Indium labeled octreotide
in the right hepatic lobe.
Somatostatin receptor positive
scan.

Total 127 patients
Octreoscan (+)
n = 61

Volume 13

Lost of follow up
n=0

Lost of follow up
n=0

n = 24

n = 30

n = 66

Figure 1 Flowchart of study patients.

0.5 mg was given s.c. every 8 h simultaneously. At the
end of wk 12 and every 4 wk octreotide LAR 30 mg. All
intramuscular injections were performed by the staff of
our unit. The therapeutic regimen reported above was
performed because of the kinetics of octreotide release
and time to achieve therapeutic concentrations of the drug
from the LAR formulation. Octreotide or placebo were
administered until patient withdrawal or death.
The baseline assessment included physical and
laboratory examination (complete blood count,
prothrombine time, AFP levels, liver biochemistry and
renal function tests) as well as measurement of the tumor
size using dual phase helical CT scans. All patients had
a monthly follow up with the laboratory tests reported
above and every 2 mo including AFP measurements.
The size of the tumor was reassessed with CT scans
at 3-mo intervals. All hematological and biochemical
tests were performed at the central hospital laboratory.
The quality of life was determined monthly, performed
by an experienced psychiatrist in oncology patients, and
was based on the QLQ C30 questionnaire proposed by
EORTC[39]. Patients with negative SSTR detection were
followed up in the same manner.
Statistical analysis
This was a randomised clinical trial, designed to enroll 130
patients of either sex, and to follow them up for 3 years.
Sample size calculation was based on the assumption of
65% evaluate at the end of follow-up on the basis of a
sided 5% hypothesis and 80% statistical power. At least 55
events would be required to detect statistical difference.
Summary statistics are presented as mean ± SE. Time
related variables are presented as median and 1st to 3rd
quartiles, in order to avoid the effect of extreme values
on arithmetic mean. Qualitative variables are presented
as absolute and relative frequencies. Death rates were
calculated using the observed person-time, in weeks. The
proportion of surviving persons has been recorded every
one-week. Univariate analysis (comparisons between
groups of the study and time to event) was based on the
www.wjgnet.com

calculation of the Log-rank test. Multivariate analysis
was perfor med using the Cox proportional hazards
model with all cause death as end point and age, sex,
etiology, and morphology as potential covariates. The
association between the treatment arms and the fatal
events are presented as exponentials (hazard ratios) of the
estimated coefficients using the SSTR-negative group as
the reference category. The goodness-of-fit test was based
on comparing the observed survival probability with the
expected under the assumption of proportional hazards.
The assumption of proportionality was graphically
assessed through the plots of weighted deviance residuals
versus time. The Wald’s χ2-criterion evaluated the level of
significance for each covariate. Patients were included in
the statistical analysis according to the intention-to-treat
approach. Analysis of variance for repeated measurements
(MANOVA) was used to evaluate changes in the quality of
life score during follow-up. All reported P-values are based
on two-sided tests. SPSS 11 software (SPSS Inc., Illinois,
USA) was used for all the statistical calculations.

RESULTS
Somatostatin receptors
The flowchart of study patients is shown in Figure 1.
Octreoscan failed to demonstrate increased uptake of the
radionuclear compound in the liver of 66 (52%) patients.
In the remaining 61 (48%) cases, the scintigraphic findings
were positive for overexpression of SSTR in the liver
tissue (Figure 2). In 11 patients the whole body octreoscan
visualized metastatic sites and in 5 of these cases provided
additional detection sites to those of conventional imaging,
previously unsuspected (bones, lymph nodes).
Therapeutic trial
Thirty one octreoscan positive patients were randomized
to receive octreotide and 30 additional octreoscan positive
patients (69.4 ± 1.17 years old, 22 men and 8 women) were
to receive oral placebo-control group.
Of the octreotide group, a male patient-refused
therapy. This patient was excluded from the study. Six
patients, 2 men and 4 women, discontinued treatment from
the third day, despite dose reduction (0.3 mg and 0.1 mg)
because of severe diarrhea. The schedule to implement
the modifications of octreotide dosage due to adverse
effects was based on several consensus reports of the drug
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Table 1 Descriptive characteristics of octreotide, control and SSTR-negative group
SSTR-negative group
Number of patients
Age (yr)
Sex
Male
Etiology
HBV
HCV
HBV + HVC
Morphology
Multi nodular
Massive
Diffuse
AFP
Metastases
Cirrhosis
Stage B
BCLC
Stage C

Control group

P

Octreotide group

66
69.4 ± 5.6

30
69.5 ± 5.6

30
69.4 ± 6.3

36 (55%)

22 (73%)

20 (67%)

38 (58%)
26 (39%)
2 (3%)

10 (33%)
17 (57%)
3 (10%)

10 (33%)
19 (63%)
1 (3%)

13 (20%)
45 (68%)
8 (12%)
3208 ± 4500
8 (12%)

6 (20%)
20 (67%)
4 (13%)
3096 ± 4500
7 (23%)

7 (23%)
21 (70%)
2 (7%)
2714 ± 5049
4 (13%)

32 (49%)

19 (63%)

15 (50%)

56 (85%)

25 (83%)

25 (83%)

1.0

Table 2 Follow up of patients

df
125

P
> 0.05

2
χ = 3.45
2
χ = 9.133

2
4

> 0.05
> 0.05

2
χ = 0.842

4

> 0.05

F = 0.057
2
χ = 2.118

125
2

> 0.05
> 0.05

2
χ = 1.91

2

> 0.05

2
χ = 0.054

2

> 0.05

F = 0.009

P < 0.0001

SSTR-Neg
Octreotide
Control

0.9
Control
group

Octreotide
group

25 (38%)

12 (40%)

6 (13%)

0.171

65 (99%)

29 (97%)

21 (70%)

< 0.001

66 (100%)

30 (100%)

29 (97%)

1.000

28; 21 to 33

28; 19 to 34

49; 28 to 72

< 0.0001

0.8
0.7

Cum survival

Number of events
within 6 mo
Number of events
within 12 mo
Number of events
at the end of
follow up
Overall survival
time (wk)

P

SSTR-negative
group

0.6
0.5
0.4
0.3

administration[40,41].
The remaining patients of this octreotide group (69 ±
1.2 years old, 17 men and 7 women) and all patients of the
control group continued treatment until completion of the
study.
The 66 patients with negative octreoscan (69.4 ± 0.7
years, 36 men and 30 women) formed the SSTR-negative
group.
Table 1 shows the baseline characteristics of the
patients. No statistically significant differences were
observed as regards to the baseline characteristics of the
participants. In particular, patients in all 3 groups were
of similar age and had similar distribution of tumor
morphology.
At the end of the follow-up period all patients, except
one, had passed away. This patient died 4 wk later. The
minimum and maximum follow-up interval was 8 and
160 wk, respectively. A significantly higher survival time
was observed for the octreotide group (49 ± 6 wk) as
compared to the control group (28 ± 1 wk) and to the
SSTR negative group (28 ± 2 wk), LR = 20.39, df = 2, P <
0.01 (Τable 2). This trend was also observed at six mo of
follow up, but did not reach significant statistical value. No
statistically significant differences were observed between
the control and the SSTR-negative group regarding

0.2
0.1
0.0

0

16

32

48

64
80
96
Survival time (wk)

112

128

144 160

Figure 3 Survival probabilities in the groups of the study.

survival of our patients (Figure 3).
Using the Cox proportional hazard model, after
controlling for age, sex, morphological characteristics of
the tumor, etiology, metastases, cirrhosis stage, BCLC
stage and AFP levels, we obser ved that patients in
octreotide group had a 68.5% lower ratio (95% confidence
interval 47.4%-81.2%, wild = 19.99, df = 1, P < 0.01),
as compared to the SSTR-negative group, while patients
in control group had a 7% lower hazard of death (95%
confidence interval -30.8% to 15.5%, wild 0.570, df = 1,
P > 0.05) as compared to the SSTR-negative group.
Quality of life ascertainment
A decreasing trend was observed in the QLQ-C30 score
during the follow-up in all three groups of the study
(Figure 4). During the first 12 mo of the follow up period
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a 39% decrease was observed in control group, a 22%
decrease in octreotide group and a 43% in the SSTRnegative group. Moreover, patients that had received
octreotide presented significantly higher values of the
QLQ-C30 score as compared to patients from the control
group and SSTR-negative group (F = 125.9, df = 125,
P < 0.05). The differences in the score were observed after
the second mo of follow up.
There is no satisfactory volume of data on the quality
of life of patients after the first year of follow-up. Thus,
the statistical analysis of the QLQ-C30 questionnaire was
based on the data of the first 12 mo.

DISCUSSION
Over the past few years a significant progress has been
made in our understanding of the biology and functional
significance of SSTR on human tumors. Based on these
data, somatostatin and its synthetic analogues now play an
important role in the management of gastrointestinal and
pancreatic neuroendocrine tumors via peptide suppression.
In addition, non neuroendocrine tumors may also be
affected, but our knowledge in this field is still limited.
However, important new data have recently been presented
on SSTR-activated signal transduction pathways that are
responsible for inhibition of cell growth and induction of
apoptosis[42].
Human malignancies demonstrate a high degree of
cellular heterogeneity and at different points in time (tumor
progression). The growth of tumor cell clones that express
neuroendocrine markers (e.g. SSTR, carcinoembryonic
a n t i g en , ch r o m o g r a n i n s ) , d u r i n g t h e p r o c e s s o f
dedifferentiation, is a common feature of colon, breast
and prostate cancer[43].
The overexpression of SSTR in human hepatocellular
carcinoma cells has been verified[25] but the subtype(s) of
SSTR that is overexpressed in the HCC tissue has not
been adequately studied. Recently the presence of SSTR
2, 3 and 5 was demonstrated on the surface and in the
cytoplasm of hepatic stellate cells isolated from an animal
model[44].
In the present study, using SSTR scintigraphy, we
demonstrated an increased uptake of radionuclear
compound in the liver of 61 out of 127 patients (48%)
with HCC and chronic viral liver disease. Our results are
similar with the results of the study reported above. On
the other hand, the used method is characterized by safety,
mainly for cirrhotic patients with low platelet count and
prolonged prothrombine time and reliability, especially
for the detection of SSTR-2 that present a high affinity
to octreotide[43,45]. Based on these data we administered,
octreotide/octreotide long-acting formulation or oral
placebo in a group of 60 patients, 30 and 30 in each group
respectively, with advanced HCC and positive scintigraphic
findings for SSTR.
Although TACE has shown to improve survival in wellselected candidates, only 12% of whole HCC population
are suitable for this treatment modality. Patients with wellpreserved liver function and multinodular tumor without
vascular invasion seem to be the best target population[46].
From our study population, only 7 patients (5.5%) can be
www.wjgnet.com
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Figure 4 Score of the QLQ-C30 during the 12 mo of follow up.

considered suitable for TACE, a percentage very low for a
therapeutic option without predetermined benefits.
Furthermore, another group of 66 patients with HCC,
but with negative scintigraphic findings was followed-up in
the same manner.
The performed statistical analysis revealed a significant
difference regarding survival between the octreotide and
the two other groups (P < 0.001). Between the control
and the SSTR-negative group no statistically significant
difference (P = 0.450) was observed and this similar
prognosis probably suggest that the presence of SSTR in
the tumor does not mark its aggressiveness. Recently, Yuen
et al[35] reported that octreotide long acting formulation
treatment was not effective in prolonging survival in
patients with advanced HCC. In this study the presence of
SSTR in the tumor was unknown and the administration
of octreotide probably was uneffective at a percentage
higher than 50% of patients [25] . On the other hand,
nearly half of the patients had portal vein thrombosis, a
statistically significant factor for diminished survival in
HCC patients[47]. The high percentage of patients (37.1%)
dying before receiving the first injection of octreotide
long acting formulation, two wk after randomization,
also indicates an aggressive disease in the Yuen study
population. Furthermore, in this study, in a percentage
greater than 80% of patients, the main causative factor
of HCC and the underlying cirrhosis was HBV infection,
a fact that can be another possible explanation for the
poor survival rates. Although no significant differences in
survival according to viral etiology in Western European
cirrhotic and HCC patients are reported [48-50], further
studies are required to determine whether the survival in
Caucasian and East Asian HCC populations are influenced
by the viral loads and genotypes, the serologic viral
markers, dietary habits and the expression of SSTR.
Despite the reports for normalization of AFP levels
and regression of the tumor size due to somatostatin
analogues treatment[33,51,52], no AFP reduction and decrease
of the tumor mass or the number of the satellite sites
were observed in our patients. The statistically significant
survival benefit for the octreotide group can probably be
explained due to a slower tumor progression. Inhibition of
proliferation and induction of apoptosis of HCC cells have
been reported by in vitro studies[22,26,51,53-55].The inhibitory
effect of octreotide on angiogenesis must also be considered [27,56] . In the present study, octreotide long acting
formulation also showed to improve the quality of life of
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the treated patients significantly as compared with that
of patients from the two other groups and the difference
in the QLQ-C30 score observed after the second mo of
follow-up. Although the experience with somatostatin
analogues treatment in HCC patients is limited, our results
are in agreement with previous reports[33,52].
Together with the prolongation of survival, the quality
of life is considered as one of the main endpoints for any
palliative treatment in cancer patients. Unfortunately, for
patients with advanced HCC there is not an established
palliative treatment yet with respect to these two
parameters.
The proposed therapeutic approach has shown to
improve survival and the quality of life in SSTR positive
patients with advanced HCC and, despite the high cost, it
seems to be an attractive therapeutic option for those who
have no possibility for other therapeutic modalities such as
liver transplantation, surgical resection, PEI or TACE.
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Abstract
AIM: �����������������������������������������
To investigate the anti-tumor effect and �����������
mechanisms
of magnetic nanoparticles targeting hepatocellular
carcinoma.
METHODS: Human hepatocellular carcinoma was
induced in nude mice, and the mice were randomly
divided into group A receiving normal saline, group B
receiving magnetic nanoparticles containing 5-fluorouracil
(5-FU), group C receiving 5-FU, and group D receiving
magnetic nanoparticles containing 5-FU with a magnetic
field built in tumor tissues. The tumor volume was
measured on the day before treatment and 1, 4, 7, 10
and 13 d after treatment. Tumor tissues were isolated
for examination of the expression of bcl-2 , bax and caspase
3 by immunohistochemical method, reverse transcription
polymerase chain reaction and Western blotting.
RESULTS: The tumor volume was markedly lower in
groups C and D than in groups A and B (group C or D vs
group A or B, P < 0.01). The volume was markedly lower
in group D than in group C (P < 0.05). The expression of
protein and mRNA of bcl-2 was markedly lower in groups
C and D than in groups A and B (group C or D vs group
A or B, P < 0.01), and was markedly lower in group D
than in group C (P < 0.01). The expression of bax and
caspase 3 in groups C and D was significantly increased,
compared with that in groups A and B (P < 0.01).
CONCLUSION: The targeted magnetic nanoparticles
containing 5-FU can improve the chemotherapeutic
effect of 5-FU against hepatocellular carcinoma by
decreasing the expression of bcl-2 gene, and increasing

INTRODUCTION
Targeted magnetic chemotherapy can selectively focus
chemotherapeutics on tumor tissue when a magnetic field
is used to confine the magnetic drug carrier to the target
site[1-3]. Targeted drug delivery is an attractive field in tumor
therapy[4]. In our experiment, nanochemotherapy was used
in nude mice with transplanted human liver cancer and the
anti-tumor effect and mechanism of targeted magnetic
nanoparticles were studied by examining the expression of
bcl-2, bax and caspase 3 in tumor tissue.

MATERIALS AND METHODS
Chemicals and reagents
Magnetic nanoparticles containing 5-fluorouracil (5-FU,
10.1% ± 1.2%) were prepared by the Pharmaceutical
Department of Tongji Medical College, Huazhong
University of Science and Technology (Wuhan, China).
Magnetic metal rack for medication was prepared by
Department of Material, Wuhan University of Technology
(Wuhan, China). Culture media (RPMI-1640) were
obtained from Gibco Co., Ltd, USA. Calf serum was
purchased from Hangzhou Sijiqing Co., Ltd, China. Rabbit
polyclonal antibodies against human bcl-2, bax, caspase 3 and
β-actin protein, and goat anti-rabbit polyclonal antibody
were purchased from Wuhan Boster Biological Technology
Co., Ltd, China.
Cell line and preparation
Cells of HepG2, a primar y human hepatocellular
www.wjgnet.com
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carcinoma cell line, were provided by the Surgical
Laborator y of Tongji Hospital. All media were
supplemented with 100 mL/L, heat-inactivated calf serum,
penicillin G (100 IU/ml), and streptomycin (100 μg/ml).
The cells were incubated as a monolayer in RPMI 1640
at 37℃ in a humidified atmosphere containing 50 mL/L
CO2.
Animals
Thirty-two BALB/C male nude mice weighing 17-20 g
at 3-5 wk of age, provided by the Experimental Animal
Center of Tongji Medical College, Huazhong University of
Science and Technology, were used in this study. The study
protocol was approved by the Animal Ethics Committee
of Huazhong University of Science and Technology.
Tumor induction in nude mice
HepG2 cells were grown in monolayer culture, harvested
and adjusted to 5 × 10 7 cells/mL. For subcutaneous
tumor formation, 0.2 ml of cell solution was injected
subcutaneously into the right back of each nude mouse.
After 14 d, when the volume of tumor was about 130 mm3,
the mice were randomly divided into group A receiving
normal saline, group B receiving magnetic nanoparticles
containing 250 mg/kg 5-FU, group C receiving 25 mg/kg
5-FU, group D receiving magnetic nanoparticles containing
250 mg/kg 5-FU, with a magnetic field at 300 gauss built
in tumor tissues. Each group was treated with the same
volume (0.2 mL) by vena caudalis injection, once a day
for 5 d.
Tumor assessment
Each tumor was measured with a sliding caliper for a
maximal diameter (a) and a minimal diameter (b) on
the day before treatment and 1, 4, 7, 10 and 13 d after
treatment, and calculated using the following formula:
volume = a × b × b/2. All animals were sacrificed and
underwent complete examination of abdominal cavity 20
d after treatment. The tumor mass was then isolated.
Immunohistochemistry
Bcl-2, bax and caspase3 were detected with immunohistochemical (SABC) method. In brief, tumor specimens
were incubated with 3 mL/L hydrogen peroxide in
methanol for 30 min to block endogenous peroxidase
activity, washed in phosphate buffered saline (PBS) and
incubated in 100 mL/L normal goat serum for 20 min to
reduce nonspecific antibody binding. Specimens were then
incubated with rabbit polyclonal antibodies at a dilution
of 1:100 against human bcl-2, bax or caspase 3 overnight at
4℃, followed by three washes with PBS, then incubated
with biotinylated goat anti-rabbit polyclonal antibody
at a dilution of 1:100 for 30 min followed by 3 washes.
Slides were treated with streptavidin peroxidase reagent
for 30 min at a dilution of 1:100 and washed 3 times with
PBS. Finally, slides were incubated in PBS containing
diaminobenzidine and 10 L/L hydrogen peroxide for 10
min, counterstained with hematine and mounted. The
rabbit antibody was replaced by PBS as a blank. Five high
power fields of each section were selected randomly and
www.wjgnet.com
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input to the HM IAS-2000 analysis system for staining
intensity (average absorbance) analysis.
Reverse transcription polymerase chain reaction (RT-PCR)
The tumor mass was isolated and total RNA was
extracted with TRIzol (GIBCO, Gran Island, NY, USA).
The sequence of primers (primer 5.0, Shanghai Sangon
Biological Engineering & Technolog y and Ser vice
Co.Ltd, Shanghai, China) used is: bcl-2 (455 bp): sense:
5’-GGCACTGTCTTGACCCAC-3’ and antisense: 5’
-TCATAAACCCTGCTTGCTG-3’; bax (121 bp): sense:
5’-AATGCCCGTTCATCTCAG-3’ and antisense: 5’
-GGGACATCAGTCGCTTCA-3’; caspase 3 (445 bp):
sense: 5’-CACAATAGCACCCATCCG-3’ and antisense: 5’
-GGGACATCAGTCGCTTCA-3’; β-actin (550 bp): sense:
5’-GGTGGGGCGCCC CAGGCACCA-3’ and antisense:
5’-GCTCCTTAATGT CACGCACGA-3’. The following
PCR conditions were used: initiation at 94℃ for 4 min,
then 35 cycles of denaturing at 94℃ for 45 s, annealing
at 48℃ (bcl-2, and bax for 45 s, at 50℃ (caspase 3) for 45 s
or at 52℃ (β-actin) for 45 s, extension at 72℃ for 1 min
followed by a final extension at 72℃ for 10 min. The PCR
products were separated by electrophoresis on a 1.5%
agarose gel and vidualized by ethidium bromide staining
using Gel-Pro analyzer. The bands were quantitated by
densitometry and the gene expression was represented
as the ratio of target mRNA in comparison to that of
β-actin.
Western blot analysis
Western blotting was used for the detection of bcl-2, bax and
caspase 3 proteins. On day 20 after treatment, 0.1 g tumor
tissue was collected from each mouse and homogenized.
Tissues were lysed in a lysis buffer containing 50 mmol/L
Tris-HCl (pH 7.5), 150 mmol/L NaCl, 0.5% deoxycholic
acid, 1% NP40, 0.1% SDS, 1 mmol/L PMSF, and 100
μg/ml leupeptin. Protein concentration was measured
using a Bio-Rad colorimetric protein assay kit (Bio-Rad,
Hercules, California, USA). A 50 μg sample of protein
was separated on SDS-polyacrylamide gels and transferred
onto a nitrocellulose membrane. Rabbit anti-bcl-2 antibody
(1:500), rabbit anti-bax antibody (1:500), rabbit anti-caspase
3 antibody (1:500) or rabbit anti-β-actin antibody (1:500)
was used respectively as the primary antibody. Horseradish
peroxidase-conjugated anti-rabbit antibody (1:1000) was
used to probe for bcl-2, bax, caspase 3 or β-actin as the
secondary antibody. The band was detected using the
enhanced chemiluminescence (ECL) detection system.
The protein expression was represented as the optical
density ratio of the interest protein in comparison to that
of β-actin.
Statistical analysis
Data were presented as mean ± SD. Repetitive analyses
of variance (ANOVA) were performed for comparison
of tumor volume among treatment groups. One-way
ANOVA was performed for comparison of the expression
levels of bcl-2, bax and caspase 3 among groups. All data
were analyzed by SPSS 12.0, and P < 0.05 was considered
statistically significant.
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Table 1 Comparison of gross tumor volume (mm , mean ± SD)
n

Group
A
B
Ca
Da,b

8
8
8
8

0
131.9 ± 4.3
133.7 ± 8.3
134.4 ± 4.7
135.8 ± 6.8

1d
261.0 ± 29.7
253.0 ± 27.8
228.7 ± 26.7
213.0 ± 18.1

4d
362.0 ± 52.9
341.5 ± 34.6
294.8 ± 31.6
261.5 ± 22.0

7d
513.1 ± 67.3
473.4 ± 53.2
364.9 ± 34.5
315.5 ± 27.6

10d
643.9 ± 83.4
600.2 ± 72.4
416.9 ± 64.4
337.2 ± 32.6

13d
776.1 ± 116.2
764.7 ± 100.6
465.0 ± 91.1
367.8 ± 44.0

a

P < 0.01 vs groups A and B; bP < 0.05 vs group C.

Table 2 Intensity of staining of bcl-2, bax and caspase 3
proteins (mean ± SD)
Group
A
B
C
D

n
8
8
8
8

Bcl-2
0.1185 ± 0.0111
0.1161 ± 0.0094
0.0981 ± 0.0121a
0.0768 ± 0.0119a,b

Bax
0.1031 ± 0.0119
0.1090 ± 0.0141
0.1375 ± 0.0084a
0.1587 ± 0.0086a,b

Caspase 3
0.0806 ± 0.0073
0.1067 ± 0.0075
0.1284 ± 0.0074a
0.1468 ± 0.0080a,b

Bcl-2

Bax

a

P < 0.01 vs groups A and B; bP < 0.01 vs group C.

RESULTS
All models of nude mice with transplanted hepatocellular
carcinoma were established 14 d after subcutaneous
injection, with an average volume of 130 mm3. The rate of
subcutaneous tumor formation was 100%. There was no
significant difference in the average tumor volume between
the groups of A and B. The average tumor volume was
smaller in groups C and D than in groups A and B (P <
0.01). Also, the volume was smaller in group D than in
group C (P < 0.05) (Table 1).
Expression of bcl-2, bax and caspase 3 proteins
The expression of bcl-2, bax and caspase 3 proteins
observed under microscope was positive. The distribution
of the Buffy particles was diffuse. The expression of
bcl-2 protein was markedly decreased, while that of bax
and caspase 3 proteins was markedly increased in groups
C and D, in comparison with groups A and B (P < 0.01).
The expression of bcl-2 protein was markedly decreased
whereas that of bax and caspase 3 proteins was markedly
increased in group D compared with group C (P < 0.01)
(Table 2, Figure 1).
mRNA expression in bcl-2, bax and caspase 3 by PCR
The mRNA expression in bcl-2 was lower in groups C
and D than in groups A and B (P < 0.01), and was lower
in group D than in group C (P < 0.01). The mRNA
expression in bax and caspase 3 was higher in groups C and
D than in groups A and B (P < 0.01), and was markedly
higher in group D than in group C (P < 0.01, Table 3,
Figure 2A).
Western blot analysis
Western blot was used for examining the expression of
bcl-2, bax and caspase 3 proteins. The expression of bcl-2
was lower in groups C and D than in groups A and B (P <
0.01), and was markedly lower in group D than in group
C (P < 0.01). The expression of bax and caspase 3 proteins
was higher in groups C and D than in groups A and B

Caspase 3

Figure 1 Expression of Bcl-2, Bax and Caspase 3 proteins in 4 groups, SABC
× 400.

(P < 0.01), and markedly higher in group D than in group
C (P < 0.01, Table 4, Figure 2B).

DISCUSSION
Hepatocellular carcinoma (HCC) is a serious problem in
developing countries, accounting for 81% of the total cases
in the world and 54% of the total cases in China[5]. Even 5
years after curative resection of small HCC, the recurrent
rate is as high as 40%-60%[6,7]. Furthermore, these tumors
are quite resistant to radiotherapy and chemotherapy[8]. No
effective postoperative adjuvant chemotherapeutic agent is
available so far.
At present, the main chemotherapeutics of HCC are
5-FU, cis-diaminedichloroplatinum (CDDP), adriamycin
(ADM), mitomycin (MMC) [9-11]. The newly developed
antineoplastic agents, such as capecitabine[12], are expected
to increase the therapeutic effect on liver cancer. However,
the cost of treatment is expensive and the therapeutic
effect is uncertain, indicating that more clinical data and
trials are needed. Patients with HCC have complications
of liver cirrhosis and chronic hepatitis. Since almost all
chemotherapeutics have side effects, the tolerance of
patients to chemotherapy is usually poor [13]. Magnetic
drug-coated nanoparticles provide a new method for
the treatment of cancer [14] . Under the guidance of
magnetic fields to the tumor, the target distribution of
magnetic nanoparticles containing drugs can increase
the therapeutic effect on the tumor by increasing the
concentration of drugs, both in tumor tissue and in
tumor cell embolism in tumor blood vessels[15,16], and by
www.wjgnet.com
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Table 3 mRNA expression in bcl-2, bax and caspase 3
(mean ± SD)
Group
A
B
C
D

Bcl-2

Bax

0.557 ± 0.064
0.524 ± 0.049
0.275 ± 0.025a
0.154 ± 0.014a,b

0.136 ± 0.012
0.187 ± 0.019
0.681 ± 0.057a
0.821 ± 0.065a,b

A
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PCR
b-actin

b-actin

Bcl-2

Caspase 3

Bax

0.134 ± 0.012
0.226 ± 0.028
0.425 ± 0.036a
0.557 ± 0.039a,b

A

B

C

D

A

P < 0.01 vs group A; bP < 0.01 vs group C.

Table 4 Expression of bcl-2, bax and caspase 3 proteins
(mean ± SD)
Bcl-2
0.415 ± 0.052
0.402 ± 0.048
0.216 ± 0.033a
0.156 ± 0.018a,b

Bax
0.086 ± 0.012
0.182 ± 0.028
0.382 ± 0.044a
0.508 ± 0.058a,b

B

C

D

b-actin
Caspase 3

a

Group
A
B
C
D

Number 23

A

B

C

D

B
b-actin

Caspase3
0.062 ± 0.006
0.145 ± 0.017
0.409 ± 0.024a
0.628 ± 0.033a,b

Bcl-2

Bax

P < 0.01 vs group A; bP < 0.01 vs group C.

a

Caspase 3

reducing their side effects
.
In the present study, magnetic nanoparticles containing
5-FU with a magnetic field built in tumor tissues could
selectively act on the transplanted liver cancer in nude
mice, indicating that targeted therapy with magnetic
nanoparticles containing 5-FU inhibits the growth of
hepatocellular carcinoma (P < 0.05).
Experimental studies have shown that the antitumor
effect of 5-FU, CDDP and MMC is correlated to the
induction of apoptotic cells[19]. Apoptosis is regulated by
some genes or other factors[20]. Escape from apoptotic
signals often accompanies tumor progression. Genes
controlling apoptosis can be divided into suppressor
gene or trigger gene. Bcl-2, bcl-XL and mcl-1 are the main
suppressor genes of apoptosis, and bcl-2 is the most
important. Bax, bcl-XS, p53 and c-myc are the main trigger
genes of apoptosis [21,22]. Human bcl-2 gene, located on
chromosome 18, is a proto-oncogene in the hematopoietic
system. Bcl-2 gene suppresses apoptosis induced by many
other factors[23,24] and bax gene encodes a 21 kD protein,
and has 21% homology with bcl-2 gene. Over-expression
of bax gene can inhibit the function of bcl-2 and promote
apoptosis[25]. Caspases are crucial mediators for apoptosis.
Among them, caspase-3 is a frequently activated death
protease, catalyzing the specific cleavage of many key
cellular proteins. Caspase-3 may be the best understood
mammalian caspases in terms of its specificity and role in
apoptosis[26,27].
Our study showed that the targeted therapy with
magnetic nanoparticles containing 5-FU could decrease the
expression of bcl-2, and increase the expression of bax and
caspase 3 (P < 0.01), indicating that this therapy can inhibit
the growth of hepatocellular carcinoma and up-regulate
apoptosis of liver cancer cells by decreasing the expression
of bcl-2 gene and increasing the expression of bax and
caspase 3 genes.
The targeted therapy with magnetic nanoparticles
containing 5-FU can selectively make 5-FU focus on tumor
tissue, with a high concentration in tumor tissues. Also,
concentrated nanoparticles can lead to embolism in tumor
[17,18]

www.wjgnet.com

Figure 2 mRNA expression in Bcl-2, Bax and Caspase 3 determined by PCR (A)
and Western blotting (B).

blood vessels, ischemia and anoxyaemia in tumor tissues,
and a higher sensitivity of chemotherapy. Moreover,
this therapy could decrease the expression of bcl-2
gene, increase the expression of bax and caspase 3 genes,
suggesting that it up-regulates apoptosis of liver cancer
cells and inhibits the growth of hepatocellular carcinoma.
In conclusion, targeted magnetic nanoparticles
containing 5-FU can improve the chemotherapeutic effect
of 5-FU on hepatocellular carcinoma by decreasing the
expression of bcl-2 gene and increasing the expression of
bax and caspase 3 genes.
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Abstract
AIM: to evaluate the prognostic significance of HIF2α/EPAS1 expression in hepatocellular carcinoma
(HCC).
METHODS: Surgical specimens from 315 patients
with HCC as well as 196 adjacent noncancerous lesions
and 22 cases of normal liver tissue were investigated
by immunohistochemistry (IHC) for HIF-2α/EPAS1
using a standard detection system. Correlations with
clinicopathological factors, VEGF, microvessel density
(MVD), and prognosis were analyzed.
R E S U LT S : I m m u n o r e a c t i v i t y o f H I F - 2 α / E PA S 1
was positive in 69.5% of HCC, 55.6% of adjacent
noncancerous tissue, and 0% of normal liver tissue. And
it was significantly correlated with tumor grade, venous
invasion, intrahepatic metastasis, necrosis, and capsule
infiltration. Correlation analysis of HIF-2α/EPAS1 with
angiogenic factor VEGF (P < 0.001), and MVD (P =
0.016) was also noted. HIF-2α/EPAS1 protein was less
frequently expressed in low MVD cases, whereas a high
rate of expression was noted in cases with both medium
and high MVD (P = 0.042). By Kaplan-Meier analysis,
strong HIF-2α/EPAS1 staining (> 50% of tumor cells) in
HCC correlated with a shortened survival in patients (Cox's
regression, P < 0.001, r = 3.699).
CONCLUSION: We conclude that HIF-2α/EPAS1
expression may play an important role in tumor
progression and prognosis of HCC. Assessment of
HIF-2α/EPAS1 expression in HCC may be used as a
www.wjgnet.com

diagnostic tool and possibly a target in the treatment of
HCC.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a common neoplasm in
oriental countries and South Africa. Although most HCCs
are caused by HCV in Japan[1] and by intake of aflatoxin
in Africa [2], the most common and dominant cause in
China is HBV[3]. Over the past two years, great progress
has been made in the diagnosis of HCC using such
techniques as ultrasonography and computer tomography.
With earlier diagnosis of this cancer, the number of
resected cases has increased substantially. Consequently,
the number of patients who survive for extended periods
after hepatectomy recently has increased. Nonetheless, in
spite of enormous efforts to improve clinical treatment,
HCC remains a major carcinoma with high mortality.
Poor differentiation, large tumor size, portal invasion and
intrahepatic metastasis are known to shorten the disease
free survival in this carcinoma.
Hypoxia has been demonstrated to be present in
proliferative tumors[4]. The intratumoral hypoxia has been
shown to correlate with tumor invasiveness, progression,
and metastasis [5,6]. It is well-known that tumor cannot
grow in the absence of angiogenesis, because of the lack
of oxygen in the center of tumors [7], which results in
apoptosis and necrosis. Many tumors grow in a hypoxic
microenvironment, a condition associated with poor
prognosis and resistance to clinical treatment. With
angiogenesis, the tumor grows rapidly and can metastasize
to remote sites[8]. This is a multistep process regulated
by a balance between pro and antiangiogenic molecules
produced by the tumor and host component cells[9]. To
date, many factors promoting or inhibiting angiogenesis
have been identified, including growth factors, cytokines

Bangoura G� et al. HIF-2α/EPAS1 expression in liver cancer

and proteases[10]. Among these factors, vascular endothelial
g rowth factor (VEGF) is a vascular endotheliumspecific growth factor and plays a central role in tumor
angiogenesis, implicating in tumor-associated microvascular
hyperpermeability and carcinogenesis. Over expression
of VEGF mRNA and/or protein correlates with MVD,
invasiveness, and poor prognosis in various cancers[11,12].
Recently, hypoxia inducible factors (HIF-2 α /
Endothelial PAS domain protein1 [EPAS1] and HIF1 α ) have been identified. They are members of the
basic helix-loop-helix/Per Arnt-Sim (PAS) transcription
factors induced under hypoxia. When dimerized with
the aryl hydrocarbon receptor nuclear translocator, both
HIF-1 α and HIF-2 α /EPAS1 can induce the cascade
of physiological response, including VEGF, glycolytic
enzymes, tyrosine hydroxylase, and transferrin [13,14] .
These genes are important for tumor adaptation to
hypoxia, implicating the possible role of HIFs in tumor
progression.
A study has recently found that the introduction
of HIF-2 α /EPAS1 cDNA led to up-regulation of
endogenous VEGF in 293 human fetal kidney cell lines
and HIF-2α/EPAS1 was involved in the angiogenesis of
renal carcinoma[15]. In addition, overexpression of HIF2 α /EPAS1 was characterized in a number of human
cancers and showed a close correlation with tumor
metastatic activity[16,17]. Thus far, little is known about its
expression in hepatic malignancies. Herein, we investigated
the expression of HIF-2α/EPAS1 proteins in a series of
patients with HCC, who were treated in our institution. In
addition, adjacent noncancerous lesions and normal liver
tissue were also detected.

MATERIALS AND METHODS
From January 1997 to December 2004, 590 consecutive
patients with newly diagnosed HCC were managed at the
Department of Surgery of Wuhan University Hospital.
Because 197 patients were diagnosed as contraindication
for resection of the liver mainly because of far-advanced
tumor and/or poor hepatic functional reserve, they were
excluded from this study. The other 479 consecutive
patients underwent curative surgical resection. After
discharged from the hospital, 78 patients were lost to
follow up. The remaining 315 patients were enrolled in this
study. There were 294 men and 21 women with age ranging
from 46 to 79 years averaging 60.8. Serum samples obtained
before surgery from all patients were assayed for HBV and
HCV. One hundred ninety-six samples of paraneoplastic
tissue were taken from adjacent noncancerous tissue 1 cm
away from the tumor margin. Twenty-two samples
of normal liver tissue were taken around the hepatic
hemangioma. The diagnosis of all patients was confirmed
histologically on resected specimens. None of the patients
received preoperative chemotherapy or embolization
therapy. Tumor recurrence and metastasis were clinically
confirmed in 147 (46.7%) and 72 (22.9%) of 315 patients,
respectively. The most popular treatment for recurrent
HCC was percutaneous ethanol injection treatment (PEIT)
in 79 patients (25.1%), followed by transhepatic arterial
chemoembolization (TACE) in 46 (14.6%) or hepatic
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arterial infusion (HAI) chemotherapy in 22 patients (6.9%).
The follow up of surviving patients at the time of this
study was 715-2555 d (median 1616 d).
Immunohistochemical study
Immunohistochemical study was performed using the
avidin-biotin-complex (ABC) method. Tissue sections of
4 μm thick were deparaffinized and rehydrated sections
were treated with 0.3% hydrogen peroxide in methanol
for 15 min at room temperature to block endogenous
peroxidase activity, and then washed in phosphatebuffered saline (PBS) and incubated in 10% normal goat
serum in PBS for 10 min to reduce nonspecific antibody
binding. Mouse mAb anti-HIF-2α/EPAS1 (190b; Santa
Cruz Biotechnology. Inc) was used as the primary antibody
at a dilution of 1/80. Dilutions of mAb against VEGF
(NeoMarker, Fremont, CA) and CD31 (JC70; DAKO,
Glostrup, Denmark) were 1/25 and 1/50, separately.
These slides were incubated with primary antibodies for
60 min at room temperature, followed by 3 washes with
PBS. Sections were then incubated with biotinylated
IgG for 20 min followed by 3 washes. The avidin-biotin
complex (strept ABC complex kit, DAKO, Mississauga,
Ontario, Canada) technique and 3, 3-diaminobenzidine/
hydrogen peroxide were used to detect antigen-antibody
binding. Negative controls were included by replacement
of the primary antibody with PBS. All IHC slides were
counterstained with hematoxylin.
Scoring of HIF-2α /EPAS1 expression
Immunoreactivity was scored as negative to intensive
according to the percentage of positive cells and the
intensity of staining. The cases in which more than 65%
of cells were stained intensely (+++), or moderately (++)
or weakly (+) were considered positive; and those stained
equivocally (±) or not stained were considered negative
(-). Only strong, moderate and weak reactions were judged
to be true positive because equivocal staining might
include false-positive results. According to this grading
criterion, three independent pathologists examined all the
immunostained specimens blinded to the clinical data of
patients. In cases of disagreement, which occurred in 10%
of the cases, a fourth pathologist was recruited for final
evaluation.
VEGF and MVD detection and assessment
A smaller isoform (VEGF 165) of VEGF was used for
identification and evaluation of VEGF expression in
this study. In brief, paraffin-fixed slides were autoclaved
for 7 min in 10 mmol/L citrate buffer pH 6.0 before
deparaffinization and rehydration. Evaluation of the
staining was semi-quantitatively graded based on scores
determined by intensity distribution as: strong +++ (dark
brown), moderate ++ (brown), weak + (light brown),
or negative - (no staining). The scores were determined
by three pathologists independently blinded to patients’
data.
For microvessel quantification, the immunostained
tissue sections were assessed simultaneously by two
pathologists using a confocal microscope. Each pathologist
gave each section a score, and discrepancies were resolved
www.wjgnet.com
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Table 1 Expression of HIF-2α/EPAS1 in HCC

HIF2α/EPAS1

Volume 13

Number 23

Table 2 Correlation of clinicopathologic parameters with HIF2α/ EPAS1 expression

Less than
paraneoplastic
tissue

Equal to
paraneoplastic
tissue

Greater than
paraneoplastic
tissue

9 (4.8%)

59 (31.6%)

119 (63.6%)

through discussion. Both pathologists were blinded to
the clinical data of the patients. Briefly, slides were first
observed at low magnification (× 40, and × 100). Areas
with the highest vascularization within the tumor tissue
(adjacent to the normal liver tissue) were chosen, and
microvessels were counted in three chosen fields (× 200).
Microvessels adjacent to necrotic areas were excluded
from appraisal. The final MVD was the mean of the vessel
counts obtained in the fields.
Statistical analysis
SPSS software (version 11.5) was used for statistical
analysis. The correlations between expression of HIF2 α /EPAS1 and clinicopathologic parameters, VEGF,
or MVD were assessed with the Chi-square test or the
Spearman correlation test as appropriate. The KaplanMeier method was used to estimate survival as a function
of time, and the log-rank test was used to determine
survival differences. The Cox regression model was used
for multivariate analysis of prognostic factors. A P value <
0.05 was considered to be significant.

RESULTS
Expression of HIF-2α /EPAS1 in HCC and non-cancerous
liver tissue
Of the 196 cases of non-cancerous tissue, 109 cases
(55.6%) were positive, and 87 cases (44.4) were negative
for HIF-2α/EPAS1. Of the 315 HCC cases, 219 and 96
were classified as positive and negative, respectively. In 119
cases (63.6%), HIF-2α/EPAS1 in HCC was higher than
in non-cancerous liver tissue, whereas 59 cases (31.6%)
and 9 cases (4.8%) expressed this protein in HCC at a level
equal to or less than that in cancerous liver tissue (Table 1).
The HIF-2α/EPAS1 protein was localized mainly in the
cytoplasm of the cells in the cancerous tissue as well as in
the surrounding noncancerous tissue with similar intensity
(Figure 1A and B). Overexpression of HIF-2α/EPAS1
was found in perinecrotic areas (Figure 1C), and also in the
cytoplasm of macrophages (Figure 1D).
Correlation between HIF-2α /EPAS1 expression and
clinicopathological features
As shown in Table 2, the positive expression of HIF2α/EPAS1 was significantly correlated with tumor grade
(P = 0.0541), venous invasion (P = 0.001), necrosis (P =
0.037), intrahepatic metastasis (P = 0.045), and capsule
infiltration (P = 0.011). In contrast, no statistically
significant correlation was found with age, gender, tumor
size, virus status, cirrhosis, capsule formation, and Child’s
classification.
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HIF-2α/EPAS1
Clinicopathologic parameters
Age (yr)
≥ 65
< 65
Gender
Male
Female
Liver cirrhosis
Present
Absent
Hepatitis B
Present
Absent
Hepatitis C
Present
Absent
Child’s classification
A
B
Tumor size (cm)
≤2
2-5
>5
Tumor capsule
Present
Absent
Capsule infiltration
Present
Absent
Vascular invasion
Present
Absent
Edmondson-Steiner class
I
II
III
Intrahepatic metastasis
Present
Absent
Necrosis
Present
Absent

n

Positive Negative

2

c

P

214
101

143
76

71
25

2.299

0.129

260
55

175
44

85
11

0.452

0.063

142
173

101
118

41
55

0.314

0.576

212
103

144
75

68
28

0.783

0.376

22
293

17
202

5
91

0.67

0.413

182
133

129
90

53
43

0.371

0.541

62
97
156

20
52
147

42
45
9

3.417

0.065

118
197

87
132

31
65

1.575

0.21

75
240

61
158

14
82

6.479

0.011

73
242

62
157

11
85

10.646 0.001

78
100
137

29
53
137

49
47
0

97
218

75
144

108
207

67
152

5.081

0.024

22
74

4.02

0.045

41
55

4.348

0.037

Correlation between HIF-2α /EPAS1 and angiogenic
markers
HIF-2α/EPAS1 expression was examined by both VEGF
and tumor vascularity in all 315 cases. Positive expression
of VEGF was found mostly in the cytoplasm of tumor
cells (Figure 1E). VEGF expression and high MVD
(Figure 1F) were observed at significantly higher levels
in tumors with positive HIF-2α/EPAS1 than in tumors
with negative HIF-2α/EPAS1 (P < 0.001 and P = 0.016);
respectively (Table 3). Similar correlation with tumor grade
(P = 0.007), tumor size (P = 0.044), venous invasion (P =
0.006), capsule infiltration (P = 0.049), and intrahepatic
metastasis (P = 0.018) were obser ved for VEGF
expression (data not shown).
HIF-2α /EPAS1 and patient survival
In the entire cohort, the overall survival rates of patients
with HIF-2α/EPAS1-negative tumors were significantly
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Figure 1 Representative
examples of immunohistochemical
staining for HIF-2α/EPASE1,
VEGF, and CD31 in HCC. A:
Strong cytoplasmic immunoreactivity of HIF-2α/EPASE1 is
observed in cancers cells (×
400). B: Strong staining in the
cytoplasm of noncancerous
cirrhotic tissue (× 400). C: HIF2α/EPAS1-positive staining in
perinecrotic area (N) and D: In
the cytoplasm of macrophages (×
400). E: Parallel studies of VEGF
protein (cytoplasmic staining)
and F: CD31 (for microvessels)
immunohistochemistry performed
on HCC (× 200).

Table 3 Correlation of HIF-2α/EPAS1 expression with VEGF
expression and MVD in HCC

Table 4 Multivariate survival analysis (Cox’s regression)

Parameters
VEGF
Weak
Moderate
Strong
Negative
MVD
Low
Medium
High

n

Positive

Negative

56
70
114
75

33
40
82
64

23
30
32
11

99
103
113

57
71
91

42
32
22

P

0

0.016

higher when compared with those of the HIF-2α/EPAS1positive group (P = 0.003; log-rank test; Figure 2A). A
significant difference in survival between the two groups
of patients with and without venous invasion was also
observed (P = 0.014; Figure 2B). The 5 year survival rate
of HIF-2α/EPAS1 positive and negative cases was 48%
and 78%, respectively.
Fur ther more, in multivariate analysis, most of
the potential prognostic factors representing tumor
aggressiveness such as tumor size, tumor grade, venous
invasion, intrahepatic metastasis, necrosis, Child's

P

β

SE

Tumor size (cm)
(≤ 2-5 vs ≥ 5)

0.341

0.183

1.659

0.766 0.762-0.456

Edmondson-Steiner
class (I, II vs III)

0.157

0.095

1.17

0.91

Necrosis (no vs yes)

0.252

0.158

1.287

0.881 0.425-5.820

Venous invasion
(no vs yes)
Tumor capsule
(no vs yes)
Capsule infiltration
(no vs yes)
Intrahepatic metastasis
(no vs yes)
Child’s class
(A vs B)
HIF-2α/EPAS1
(no vs yes)

0.079

0.13

1.521

0.001 2.564-17.617

0.366

0.149

1.269

0.633 0.824-1.544

0.552

0.148

1.737

0.832 0.562-5.234

0.477

0.153

1.611

0.002 1.081-3.872

0.592

0.173

1.646

0.373 0.195-1.873

1.308

0.176

3.699

0

Parameters
HIF-2α/EPAS1 expression

Relative risk

95% CI

0.986-1.083

1.385-10.236

classification, tumor capsule, capsule invasion, and
HIF-2α/EPAS1 expression were included in the Cox’s
regression model. The results indicated that, in addition
to venous invasion and intrahepatic metastasis, HIF2 α /EPAS1 expression was an independent significant
prognostic factor (P < 0.001; Table 4).
www.wjgnet.com
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Figure 2 The overall 7-year
survival curves of patients with
positive HIF-2α/EPAS1 and
negative HIF-2α/EPAS1 are
shown for the entire cohort, P
= 0.003 (A), as well as patients
with venous invasion and without
venous invasion, P = 0.014 (B).

P = 0.014

0.4
0.2
HIF-2a (+) n = 219

0.0
0

t /d (after surgery)

DISCUSSION
It is becoming increasingly apparent that hypoxia is
central to tumor angiogenesis and that high expression
of HIF- α family is predictive of cancer progression
and associated with a poor prognosis in human tumors.
To further characterize the angiogenic effect of HIF2 α /EPAS1 protein in HCC, a parallel IHC study of
VEGF was performed, in which VEGF was assessed as
a major marker of angiogenesis. In addition, to study the
relationship between HIF-2 α /EPAS1 expression and
vascularization, we investigated the distribution of MVD
in areas of HIF-2α/EPAS1 expression. It is well-known
that new blood vessels can be stimulated to grow when
factors promoting angiogenesis are up-regulated or those
inhibiting angiogenesis are down-regulated[18,19]. Hypoxia in
the tumor microenvironment is sufficient to activate HIFdependent gene expression[4,20]. However, tumor growth
rate may not always be associated with hypoxic conditions,
whereas HIF-2α/EPAS1 expression may be influenced by
factors other than hypoxia. Similar to other HIF-α (C-fos
and cyclic AMP-responsive element binding protein), HIF2α/EPAS1 protein is assumed to be accumulated upon
exposure of cells to hypoxia. Evidence is accumulating that
HIF-2α/EPAS1 may activate a series of gene expressions
essential for angiogenesis such as VEGF[10,21,22], and many
subsequent studies have shown that high levels of VEGF
are produced by various types of tumors. In addition,
the importance of VEGF as a mediator of tumor angiogenesis is sug gested by studies showing that tumor
angiogenesis and subsequent tumor growth are inhibited
in vitro by antibodies directed against VEGF receptors[23,24],
by expression of dominant negative VEGF receptors[25],
and by antisense VEGF [26] . Oxygen deprivation is a
potent stimulus to induce VEGF expression [27,28]. This
process is partly mediated through the post-transcriptional
modification of the mRNA; however, several studies have
shown that HIF-2α/EPAS1 plays an important role in the
activation of VEGF transcription[28]. Numerous studies
have demonstrated that the expression of VEGF is a
significant predictor of increased risk of metastatic disease
and overall survival by stimulating angiogenesis in HCC[29,30]
and other carcinomas[31]. In the present study, we found
that VEGF expression and MVD counts were significantly
higher in tumors with positive HIF-2α/EPAS1 than in
tumors with negative HIF-2α/EPAS1, indicating a major
www.wjgnet.com
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role of HIF-2α/EPAS1 in tumor growth and progression
of HCC through regulation of VEGF, which is associated
with increased tumor neovascularization.
To our knowledge, this is the first study of the
expression of HIF-2α/EPAS1 in HCC in a large number
of cases. HIF-2α/EPAS1 overexpression as compared
to noncancerous lesions was obser ved in 63.6% of
the cases. Previously Beasley et al [32] demonstrated
that HIF-2 α /EPAS1 protein was expressed in both
head and neck squamous cell carcinoma and adjacent
nor mal tissue. However, the expression level was
usually higher in the carcinoma. Talk et al [17] reported
that human malignant tissues expressed higher levels
of HIF-2 α /EPAS1 protein in cancers compared
w i t h n o n c a n c e r o u s t i s s u e. Ko u k o u r a k i s e t a l [ 3 3 ]
showed that the normal epithelium of esophagus did
not express HIF-2α/EPAS1, whereas carcinoma tissue
expressed this protein at a high incidence. These results
including ours may provide evidence that ubiquitination
and degradation of HIF-2α/EPAS1 may occur throughout
the entire process of tumor carcinogenesis and there was
a significantly increasing frequency of HIF-2α/EPAS1
abnormalities from noncancerous cells to cancer.
Sur vival analysis showed that HIF-2 α /EPAS1
expression in HCC was significantly correlated with
potential prognostic factors, which was dependent on
MVD, such as tumor grade, venous invasion, intrahepatic
metastasis, necrosis and capsule infiltration. Furthermore,
HIF-2 α /EPAS1 itself, to some extent, affects patient
survival. Indeed, highly vascularized HCC with HIF2α/EPAS1 expression showed a poorer prognosis. These
findings are consistent with a number of previous clinical
studies of breast [34] , nasopharyngeal [35] , colorectal [36]
cancers and renal cell carcinoma[15]. Taken together, these
demonstrated that HIF-2α/EPAS1 expression was related
to an unfavorable prognosis.
In this study, we found HIF-2α/EPAS1 expression in
macrophages. Several studies have found elevated levels of
HIF-2α/EPAS1 in tumor cells and macrophages located
in avascular and perinecrotic areas of human tumor,
with a poor prognosis in the latter condition[17,37-39]. As
macrophages have been shown to be one of terminally
differentiated cells that can produce a number of potent
chemoattractants such as VEGF[40,41], their chemotaxis,
infiltration, degranulation may promote tumor angiogenesis
and progression.
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Interestingly, we found higher HIF-2α/EPAS1 protein
expression in perinecrotic regions, though the differences
did not reach statistical significance. This, when taken
with the fact that macrophages appeared to be more
potently pro-angiogenic at these sites [37,38] , may help
explain our findings. As HIF-2α/EPAS1 has been shown
to be accumulated by hypoxic macrophages in human
tumors[17,42], our finding may indicate that HIF-2α/EPAS1
protein may be released by macrophages, which is part of
the mechanism by which this protein is most expressed in
perinecrotic regions. On the other hand, direct evidence
supporting microenvironmental mechanisms of HIF-α
activation in diverse types of human tumor could offer an
alternative explanation.
The clinical significance of HIF-2α/EPAS1 expression
in tumors remains largely unexplored as monoclonal
antibodies available for immunohistochemistry have been
developed only recently. Talks et al[17] recently reported the
expression of HIF-α in a panel of normal human tissues
and benign or malignant tumors and first showed the
expression of the molecule in a good percentage of human
carcinomas. However, studies of the relation between
HIF-2α/EPAS1 expression with angiogenic factors and
receptors, microvessel density or other molecular markers
or with prognosis of human carcinomas are limited.
Investigations of these angiogenic factors in endothelial
carcinoma[15,35,43] and in relation to signal transduction via
HIF-2α/EPAS1 when the receptors do and do not bind to
this protein and when dimerization with aryl hydrocarbon
receptor nuclear translocator occurs between HIF-2α/
EPAS1 and other HIF-α protein family, should help clarify
the significance of HIF-2 α/EPAS1 in human cancers,
including HCC.
In the present study, we found cytoplasmic immunoreactivity of HIF-2α/EPAS1. However, equivocal staining
was sometimes observed in the nuclei, which we did not
consider as positive. Although nuclear HIF was assumed
to be the active form, clearly it was synthesized and also
degraded in the cytoplasm[35,44]. These findings, at least
in part, could explain the cytoplasmic location of HIF2α/EPAS1, which was a tumor specific finding and could
better reflect the HIF up-regulation pathways in paraffin
embedded material. This is in accordance with the scoring
system proposed by Zhong et al[44].
In conclusion, the present study shows that, HIF-2α/
EPAS1 has a role in progression of HCC, which occurs
early in the development of the disease as evidenced by
its expression in noncancerous lesions. HIF-2α/EPAS1
overexpression is significantly correlated with reduced
survival in patients with HCC. Overexpression of HIF2 α /EPAS1 is related to up-regulation of angiogenic
factors. We believe that assessment of HIF-2α/EPAS1
expression in HCC may be useful as a diagnostic tool and
possibly a therapeutic target in the treatment of HCC.
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Abstract
AIM: To investigate the apoptotic process of cells
within the intestinal metaplasia areas co-localizing with
chronic gastritis and gastric carcinomas and to analyze
the involvement of proteins regulating apoptosis in
the process of intestinal metaplasia related gastric
carcinogenesis.
METHODS: Forty-two gastric carcinoma and seventeen
chronic gastritis cases were included in this study. All
cases were examined for the existence of intestinal
metaplasia. Ten cases randomly selected from each
g r o u p w e r e p r o c e s s e d fo r T U N E L a s s ay. T U N E L
positive cells within the intestinal metaplasia areas, colocalizing either to gastric carcinoma or chronic gastritis,
were counted and converted to apoptotic indices.
In addition, p53, bcl-2 and bax expression patterns
within these tissues were analyzed on the basis of
immunohistochemistry.
RESULTS: Twenty-eight of the cases were intestinal
and 14 of the cases were diffuse type adenocarcinomas.
64% (27/42) of the gastric carcinoma cases had
intestinal metaplasia. Intestinal metaplasia co-localized
more with intestinal type carcinomas compared with
diffuse type carcinomas [75% (21/28) vs 42% (6/14),
respectively; P ≤ 0.05]. The mean apoptotic index in
tumor cells was 0.70 ± 0.08. The mean apoptotic index
in intestinal metaplasias co-localizing to tumors was
significantly higher than that of intestinal metaplasias
co-localizing to chronic gastritis (0.70 ± 0.03 vs 0.09
± 0.01, respectively; P ≤ 0.05). p53 positivity was not
observed in areas of intestinal metaplasia adjacent
to tumors or chronic gastritis. Intestinal metaplasia
areas adjacent to tumors showed lower cytoplasmic

bcl-2 positivity compared to intestinal metaplasia areas
adjacent to chronic gastritis [55.5% (15/27) vs 70.5%
(12/17), respectively]. On the other hand, intestinal
metaplasia areas adjacent to tumors showed significantly
higher cytoplasmic bax positivity compared to intestinal
metaplasia areas adjacent to chronic gastritis [44.4%
(12/27) vs 11.7% (2/17), respectively; P ≤ 0.05].
CONCLUSION: Existence of apoptotic cells on the basis
of TUNEL positivity is shown in intestinal metaplasias
co-localizing to both diffuse and intestinal type gastric
cancers in this study. Our results also suggested bax
expression dependent induction of apoptosis especially
in intestinal metaplasia areas adjacent to tumors. These
findings strongly support the involvement of apoptotic
mechanisms in the process of gastric carcinogenesis
especially in the transition from intestinal metaplasia
to gastric cancer. It may be suggested that induction
of apoptosis in intestinal metaplasia areas adjacent to
tumors may involve different mechanisms than induction
by chronic inflammation.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Studies by Correa have suggested that development of
gastric cancer is a multistep process involving a series
of events such as atrophic gastritis, intestinal metaplasia,
and dysplasia. According to this model, these lesions are
considered to be precancerous[1].
The cellular turnover of the gastric tissue and the
balance within this unstable tissue is maintained by the
processes known as proliferation and apoptotic cell
death [2,3] . However, the apoptotic cell death plays an
important role in the regulation of pathological conditions
as well, such as development and progression of malignant
tumors[3,4]. Among the methods that are used to identify
www.wjgnet.com
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cells undergoing the apoptotic process, the TUNEL
technique is one of the most successfully utilized[4].
Gastric epithelium is exposed to damaging agents
in nature[2]. These agents may result in DNA damage in
these epithelial cells. In response to DNA damage and
other stress, p53 is activated by several post transcriptional
modifications, which in turn activates its down-stream
targets to induce cell cycle arrest or apoptosis. An arrested
cell cycle allows the repair of the DNA damage. However,
failure of the repair of the DNA damage results in
activation of apoptosis by p53. Thus, p53 has a major
tumor suppressor role in this process and mutations that
abolish p53 function may fail to control this mechanism[5]
and induce excessive cell proliferation and/or decreased
cell apoptosis, which seem to be the biological basis of
gastric carcinogenesis[3].
Bcl-2 family proteins are important apoptotic regulators
and can act either pro- or anti-apoptotically. The bcl-2
gene product codes for anti-apoptotic protein, whereas the
bax and bad gene products act pro-apoptotically. p53 has
also been suggested for deregulation of cell death through
Bax-Bcl-2 imbalances[5].
Intestinal metaplasia has been extensively studied
as a possible premalignant condition in the human
stomach[1,6-8]. Moreover, many questions remain regarding
pathogenesis of intestinal metaplasia development as well
as its relationship to gastric cancer. In this study, we have
investigated immunohistochemical expression of apoptosis
related proteins p53, bax and bcl-2 and TUNEL staining in
the areas of intestinal metaplasia adjacent to gastric cancer
and chronic gastritis in order to determine the apoptotic
bodies to understand their role in gastric carcinogenesis.

MATERIALS AND METHODS
Paraffin-embedded biopsies or surgical specimens from 42
cases with gastric carcinomas and 17 cases with intestinal
metaplasia and chronic atrophic gastritis were assessed in
the Pamukkale University School of Medicine Department
of Pathology (Figure 1A and B). Clinical characteristics
of these patients were described in Table 1. Histological
diagnoses and classification of tumors were based on
Lauren’s criteria [9] and intestinal metaplasia, chronic
atrophic gastritis were diagnosed according to the updated
Sydney system[10]. Intestinal metaplasias were classified
according to Filipe et al[11].
Immunohistochemistry
Sections from each representative specimen were cut at
3-5 μm, mounted on glass and dried overnight at 37℃.
Briefly, all sections were then deparaffinized in xylene,
dehydrated through a graded series of alcohol and washed
in distillated water. Distillated water was used for all
subsequent washes and dilution of the antibodies. Tissue
sections were heated twice in a microwave oven for 10 min
each at 700 W in citrate buffer pH 6 and then processed
with the standard streptavidin-biotin-immunoperoxidase
method with automatically Ventana-Nexes immunostainer
(Ventana Medical Systems, Tucson, Arizona). Monoclonal
mouse anti-human p53 protein antibody (Clone DO-7,
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Table 1 Clinical characteristics of cases
Intestinal
Sex (n )
Age of
Number of
metaplasia (n ) Female Male cases (mean) cases (n )
Chronic gastritis

17

7

10

53.6 ± 16.0

17

Intestinal type
adenocarcinoma

21

10

18

63.2 ± 10.3

28

Diffuse type
adenocarcinoma

6

7

7

57.4 ± 16.6

14

Adenocarcinoma

27

23

19

53.5 ± 12.8

42

Neomarkers, Inc. 47790 Westinghouse Dr., Fremont CA
94539, USA) at a 1/50 dilution, monoclonal mouse antihuman antibody anti-Bcl-2 (Clone 7D9, Neomarkers,
Inc. 47790 Westinghouse Dr., Fremont CA 94539, USA)
at a 1/50 dilution, rabbit polyclonal immune serum
raised against bax (Clone 2D2, Neomarkers, Inc. 47790
Westinghouse Dr., Fremont CA 94539, USA) at a 1/20
dilution were used. Diaminobenzidine was used as the
final chromogen, and Mayer’s haematoxylin as the nuclear
counter stain.
Sections were evaluated for the staining of p53,
bcl-2 and bax proteins semi quantitatively. The protein
expression in each specimen is scored for the percentage
of positive neoplastic cells and intestinal metaplasia cells:
score 0 = undetectable staining or < 20% of positive cells;
score 1 = ≥ 20 positive cells. Nuclear staining for p53
and cytoplasmic staining for bax and bcl-2 were scored.
Lymphocytes and small vessels were used as positive
controls for bcl-2 and bax immunoreactivity, respectively.
Detection of apoptosis
Apoptotic activity was analyzed on the basis of ���������
terminal
deoxynucleotidyl transferase (TdT)-mediated deoxyuridine
triphosphate (dUTP) nick end labeling (��������������
TUNEL) assay.
Sections from the same blocks of selected cases were cut
at 10 μ m, and mounted on glass. ��������������������
These sections were
processed with the In Situ Cell Death Detection Kit, AP
(Roche, Penzberg, Germany) according to the manufacturer’s protocol for paraffin-embedded tissues. BM Purple
AP Substrate, precipitating (Roche, Penzberg, Germany)
chromogenic substrate was used for alkaline phosphatase
enzyme immunoassay at the last step. �������������������
We sought positive
TUNEL staining against background of nuclear staining
of gastric cancer and intestinal metaplasia cells.
Statistical analysis
SPSS software (version 10.00) was used for statistical
analysis. Pearson’s Chi-square test or Fisher’s exact test
were applied to analyze the data when appropriate.
TUNEL staining results were statistically evaluated
using the test for difference between two population
proportions. P < 0.05 was taken as statistically significant.

RESULTS
Gastric carcinoma cases were assessed according to
Lauren’s classification and 28 intestinal, 14 diffuse type
adenocarcinomas were included in this study. Intestinal
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metaplasia was observed in 75% (21/28) of intestinal type
carcinoma cases, 42% (6/14) of diffuse type carcinoma
cases and 64% (27/42) of the overall gastric carcinoma
cases (Figure 2A and B). Intestinal metaplasia areas
were co-localized more with intestinal type carcinomas
compared with diffuse type carcinomas and the difference
was statistically significant (P ≤ 0.05). Intestinal
metaplasias co-localizing to tumors were classified
according to Filipe and are shown to be 93% (25/27) Type
Ⅰ, and 8% (2/27) Type Ⅱ; on the other hand, intestinal
metaplasias co-localizing to chronic gastritis were all TypeⅠ.
Randomly selected cases of tumor with adjacent
intestinal metaplasia and ten cases of chronic gastritis
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Figure 1 A: Chronic gastritis with intestinal
metaplasia (HE, x 10); B: Areas of intestinal
metaplasia in chronic gastritis (HE, x 40); C:
A few intestinal metaplastic cells adjacent
to the chronic gastritis showed positivity for
TUNEL staining; D: Intestinal metaplasia
areas adjacent to chronic gastritis without
cytoplasmic bax positivity.

Figure 2 A: Adenocarcinoma with intestinal
metaplasia (HE, x 10); B: Areas of intestinal
metaplasia in adenocarcinoma (HE, x 40); C:
Abundant intestinal metaplastic cells adjacent
to the adenocarcinoma showed positivity
for TUNEL staining; D: Intestinal metaplasia
areas adjacent to adenocarcinoma with
strong cytoplasmic bax positivity.

with adjacent intestinal metaplasia were stained by the
TUNEL method for the determination of apoptotic
nuclei. Variable numbers of tumor cells were shown to
have apoptotic nuclei in all of the tumor cases. Especially
intestinal type gastric carcinoma cells showed abundant
positivity compared to diffuse type. Also some of the
intestinal metaplastic cells adjacent to all of the gastric
carcinoma showed positivity for TUNEL staining (Figure
2C). The mean apoptotic index in tumor cells was 0.70 ±
0.08, in intestinal metaplasias co-localizing to tumors it
was 0.70 ± 0.03, and in intestinal metaplasias co-localizing
to chronic gastritis was 0.09 ± 0.01 (Figures 1C and 2C).
The difference between the mean apoptotic indexes in

www.wjgnet.com

3186

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

Table 2 Results of TUNEL staining and immunohistochemical
data
Chronic gastritis
co-localization of
intestinal metaplasia

Adenocarcinoma
co-localization of
intestinal metaplasia

P

0.09 ± 0.01

0.70 ± 0.03

≤ 0.05

0
17

0
27

-

12
5

15
12

> 0.05

2
15

12
15

≤ 0.05

TUNEL (mean)
p53
Positive
Negative
BCL-2
Positive
Negative
BAX
Positive
Negative

intestinal metaplasias co-localizing to tumors and chronic
gastritis was statistically significant (P ≤ 0.05) (Table 2).
Immunohistochemically tumor cells were nuclear
positive for p53 in 57.1% (24/42), cytoplasmic positive for
bcl-2 in 47.6% (20/42) and again cytoplasmic positive for
bax in 42.8% (18/42) in gastric carcinoma cases. There was
no nuclear p53 positivity in areas of intestinal metaplasia
adjacent to tumors or chronic g astritis. Intestinal
metaplasia areas adjacent to tumors showed 55.5% (15/27)
cytoplasmic bcl-2 positivity, whereas intestinal metaplasia
areas adjacent to chronic g astritis showed 70.5%
(12/17) cytoplasmic bcl-2 positivity (Table 2). Intestinal
metaplasia areas adjacent to tumors showed 44.4% (12/27)
cytoplasmic bax positivity, whereas intestinal metaplasia
areas adjacent to chronic gastritis showed 11.7% (2/17)
cytoplasmic bax positivity (Figures 1D and 2D). The
difference in this comparison was statistically significant
(P ≤ 0.05) (Table 2).

DISCUSSION
This study demonstrated that TUNEL positivity of
cells within the intestinal metaplasia areas adjacent to
tumors is significantly higher than that of cells within the
intestinal metaplasia areas adjacent to chronic gastritis.
In addition, a significant increase in bax positivity of
cells within the intestinal metaplasia areas adjacent to
tumors in comparison to chronic gastritis suggested that
the induction of apoptosis within these areas is at least
partially bax mediated.
Correa have previously proposed a human model of
gastric carcinogenesis for intestinal type gastric carcinoma,
based on epidemiological, pathological, and clinical
observations. According to this model, gastric carcinoma
of the intestinal type originates in dysplastic epithelium,
which in turn develops in atrophic gastritis followed by
intestinal metaplasia. Experiments in several populations
at high gastric cancer risk have documented a series of
lesions, which are inflammation (chronic gastritis), atrophy,
and loss of cellular differentiation. In reality the loss of
differentiation appears to represent successive mutations,
since the gastric epithelial cells disappear as such and are
replaced by cells with intestinal phenotype, the daughters
of these “mature” intestinal cells then display apparently
www.wjgnet.com
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progressive phenotypic changes, lose some of their
normal cytoplasmic secretions and gain autonomy, which
eventually leads to uninhibited replication and invasion
of the neighboring tissues [1,11]. According to Correa,
the normal gastric cells are replaced by cells expressing
mature intestinal phenotype in the process of gastric
carcinogenesis in humans and these are then replaced by
cells with immature phenotypes capable of synthesizing
the same cytoplasmic products of the neck cells. It is
not clear if the neck cell acts as a stem cell or if it is
derived from a precursor stem cell[1,12]. Supporting these
suggestions our cases showed increased co-localization
of intestinal metaplasia in intestinal type tumors in
comparison to others.
Several classifications of intestinal metaplasia have been
suggested by pathologists. Different observers proposed
different definitions and criteria for classification[13]: Small
intestine/colonic type[14,15], complete/incomplete type[16,17]
and typeⅠcorresponds to the complete and types Ⅱ and
[18]
Ⅲ to the incomplete type . These classifications are
based on only the intestinal properties. Recently a new
classification was proposed based upon both gastric and
intestinal differentiation status[13]: a gastric and intestinal
mixed type, and solely intestinal type. In general intestinal
metaplasia especially type Ⅲ-colonic metaplasia is
suggested as a preneoplastic lesion in these classifications
[1,19-21]
. However, there are studies that do not support this
hypothesis even for colonic type intestinal metaplasias[22].
Supporting this last idea, this study showed intestinal
metaplasia areas co-localizing to both intestinal and diffuse
type cancers. Although, the incomplete type of intestinal
metaplastic is more commonly associated with an increased
risk of malignant transformation[1,3,11], this study showed
co-localization of type-I metaplasia to all chronic gastritis
cases and in almost all, i.e., in all except 2, tumor cases.
Those 2 tumor cases showed type-Ⅱ intestinal metaplasia
co-localizing to tumors.
Studies investigating small gastric cancers showed
that atrophy and dysplasia do not always co-localize with
early neoplasia suggesting that metaplasia is not a definite
preneoplastic lesion[23,24]. In addition, histogenesis studies
of gastric cancers suggest that the majority of both diffuse
and intestinal gastric cancers develop from non-metaplastic
stem cells. It is believed that in these cases first gastric
phenotype develops and intestinal phenotype is secondary
to gastric phenotype. Thus, gastric cancer cells show
heterogeneity in terms of gastric and intestinal phenotypic
markers. However, it is not clear whether they consist of
different types of cells or are derived from multipotential
cells. All these findings suggest that the type of intestinal
metaplasia is not directly important in the process of
gastric cancer development[13].
Fe w s t u d i e s i nve s t i g a t i n g g a s t r i c c a n c e r a n d
involvement of apoptosis in this condition have shown
the existence of apoptotic cells within the normal gastric
mucosa, intestinalized glands, adenomatous dysplasia
and carcinomas [25,26]. The involvement of proliferation
and apoptosis in the transition from normal mucosa
to atrophic gastritis and intestinal metaplasia has been
studied especially in relation to HP related gastric
carcinogenesis [26,27]. In normal gastric mucosa TUNEL
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positive cells are abundant in foveolar epithelium, whereas
in chronic gastritis this finding is accompanied by increased
cell proliferation. In intestinal metaplasias adjacent to
chronic gastritis, on the other hand, proliferation rate
shows an increase whereas apoptotic index does not
change significantly[26]. Findings of this study also support
this last obser vation. However, TUNEL positivity
in intestinal metaplasia areas adjacent to tumors was
significantly higher than that of normal mucosa adjacent
to tumors and to intestinal metaplasia adjacent to chronic
gastritis.
Many in vivo and in vitro studies have also investigated
the apoptotic process in gastric carcinomas and its relation
to the p53 gene[28-31]. Findings from these studies are also
in concordance with findings from this study in terms
of observation of more apoptotic cells in intestinal type
carcinomas in comparison to diffuse type carcinomas[4,25,28].
In one of these studies Ikeda et al[25] investigated TUNEL
positivity based apoptotic index, ki-67 index and p53
expression in a series of minute, early and late stage gastric
carcinomas. On the basis of well and poorly differentiated
carcinoma classification they found asignificant increase
in apoptotic and proliferating cells in well differentiated
carcinomas in comparison to poorly differentiated
carcinomas. However, p53 expression did not show any
significant difference between minute, early and late stage
gastric carcinomas. Based on these findings they suggested
that gastric cancer development involves increased
proliferation together with apoptotic mechanisms induced
independently of p53 expression. However, there are
also studies opposing this hypothesis [29,30,31] . Studies
suggesting intestinal metaplasia as preneoplastic lesion
have reported 30% p53 mutations especially in incomplete
type metaplasias. p53 protein accumulation in gastric
carcinogenesis, on the other hand, is first seen at the
dysplasia stage[31]. Analysis of p53 expression in intestinal
metaplasia areas adjacent to both gastric cancers and
chronic gastritis on the basis of immunohistochemistry
did not reveal any p53 protein accumulation in this study.
It has been shown that upregulation of bcl-2
expression in premalignant lesions is followed by its down
regulation after malignant differentiation [31,32]. Analysis
of bcl-2 expression in intestinal metaplasia areas adjacent
to both gastric cancers and chronic gastritis on the basis
of immunohistochemistry did not reveal any significant
difference in this study. However, the comparison of bax
expression between these two groups revealed increased
bax expression in intestinal metaplasia areas adjacent to
gastric cancer. The literature search revealed only a few
studies, in which the investigators analyzed the expression
patterns of apoptosis related proteins and their relation to
preneoplastic lesions in gastric carcinoma[33-35]. However,
none of these studies have investigated the relationship
between the expression patterns of these apoptosis related
proteins in intestinal metaplasia areas co-localizing to
tumors. In this study, in addition to the above mentioned
relationship the expression patterns of the apoptosis
related proteins in intestinal metaplasia areas co-localizing
to chronic gastritis was investigated. Finally, these
expression patterns were compared to each other.
In conclusion, existence of apoptotic cells on the basis
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of TUNEL positivity is shown in intestinal metaplasias
co-localizing to both diffuse and intestinal type gastric
cancers in this study. Our results also suggested bax
expression dependent induction of apoptosis especially
in intestinal metaplasia areas adjacent to tumors. These
findings strongly support the involvement of apoptotic
mechanisms in the process of gastric carcinogenesis
especially in the transition from intestinal metaplasia to
gastric cancer. Finally, induction of apoptosis in intestinal
metaplasia areas adjacent to tumors may involve different
mechanisms than induction by chronic inflammation.
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Abstract
AIM: To distinguish subtypes of gastric signet ring cell
(SRC) carcinoma by investigating the expression of
gastric and intestinal phenotypic markers, and to study
the significance of phenotypic classification in predicting
tumor progression and outcome.
METHODS: Immunohistochemistry was performed in 66
cases of SRC carcinoma with MUC2, VILLIN, CDX2, Licadherin antibodies as intestinal phenotype markers and
MUC5AC, HGM, MUC6 antibodies as gastric phenotype
markers, and the relationship was analyzed between
the phenotypic expression pattern and clinicopathologic
parameters, as well as the 3-year survival rate.
RESULTS: Expression of intestinal phenotypic markers
was positively associated with tumor size, wall invasion,
vascular invasion, lymph node metastasis and tumornode-metastasis (TNM) stage. Cases expressing one
or more intestinal markers had a significant lower
survival rate than cases expressing none of the intestinal
markers.
CONCLUSION: The SRC carcinomas expressing
intestinal phenotype markers exhibited a high proliferative potential, bad biological behaviors and poor
prognosis. Examination of phenotype expression may be
useful in distinguishing histological type and in predicting
the prognosis of gastric SRC carcinoma.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Gastric cancer is the fourth most common cancer and
the second cause of cancer-related death worldwide[1]. It
has been reported that 3.4%-29% of patients with gastric
cancer had signet ring cell (SRC) type histology[2-7].
Comparing with other types of gastric cancer, SRC
carcinomas have a tendency to appear in young and
female patients[2,6,7]. Although most researchers believed
that gastric SRC carcinoma is characterized by poor
differentiation, strong invasive tendency and poor
prognosis, the clinicopathologic parameters of this type
of malignancy are still controversial [2,6-8]. Hyung et al [8]
reported that patients with early gastric SRC carcinoma
have higher survival rates than those with other types of
early gastric cancer. Similar result can be seen in Kim et
al’s[2] study showing that the 5-year survival rate of SRC
gastric carcinoma is higher than other types. In contrast,
Yokota et al[6] and Theuer et al[7] respectively found that
the 5-year survival rate of gastric SRC carcinoma is
significantly lower than other types and the prognosis for
gastric carcinomas with SRC components was worse than
those without SRC components. The differences in these
results suggest that the biological behaviors and prognosis
of gastric SRC carcinoma need further investigations.
Gastric carcinomas have been classified into two main
subtypes by Lauren et al[9]: intestinal and diffuse types.
The intestinal type of gastric cancer is thought to arise
from the metaplastic epithelium, whereas the diffuse type
is thought to arise from the proper mucosa that is not
metaplastic. Gastric SRC carcinoma belonged to diffuse
type in Lauren's classification. However, recent reports
have shown that a considerable proportion of gastric SRC
carcinoma express intestinal phenotype markers such as
CDX2 and MUC2 [10,11]. Some studies also showed that
gastric SRC carcinomas expressing intestinal phenotype
had bigger tumor size and deeper wall invasion [10,12,13].
These findings gave us clues that there might be different
subtypes of gastric SRC carcinoma with distinct clinicowww.wjgnet.com
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pathologic parameters and prognosis.
To investigate the phenotypic expression in gastric
SRC carcinomas, we chose CDX2, MUC2, VILLIN and
Li-cadherin as intestinal phenotype markers. Among
them, CDX2 is intestine-specific caudal family homeobox
transcription factor which regulate intestinal development
and differentiation in mouse model. CDX2 is expressed
in epithelial cells of intestine in human adult and
ectopically expressed in intestinal metaplasia and intestinal
type gastric carcinomas [14]. MUC2 is characteristically
expressed in goblet cells of native intestinal epithelium
and intestinal metastasis of gastric mucosa, but not
normal gastric epithelium [15]. VILLIN is a cytoskeletal
protein characterizing the core microfilament bundle of
the microvillus of intestinal epithelium[16]. Li-cadherin is
a novel member of the cadherin family of cell adhesion
molecules which specifically expresses in the epithelia
of the liver and intestine of rats. Human Li-cadherin
specifically expresses in intestinal epithelium[17]. We chose
MUC5AC, MUC6 and HGM as gastric phenotype markers
which were commonly used to identify gastric phenotype.
MUC5AC and HGM glycoprotein localizes in the
cytoplasm of foveolar and mucopeptic neck epithelial cells
of gastric mucosa, while MUC6 glycoprotein localize in
the cytoplasm of mucopeptic neck cells and pyloric glands
of the gastric mucosa[13,18].
We performed an immunohistochemical study in
66 cases of gastric SRC carcinoma, and analyzed the
relationship between the phenotypic expression pattern
and clinicopathologic parameters, the 3-year survival
rate as well as the existence of intestinal metaplasia in
the surrounding mucosa. In addition, Ki67, CD44v6,
E-cadherin and β -catenin expressions were detected
immunohistochemically and their relationship with
phenotypic classification, tumor progression and prognosis
was analyzed.

MATERIALS AND METHODS
Tissue materials
A consecutive series of 66 patients with gastric SRC
carcinoma were studied. All patients were treated by D2
resection in Beijing Cancer Hospital between May 1994
and July 2004. The criteria of the WHO classification for
histological typing of gastric carcinomas was followed: a
diagnosis of SRC carcinoma of the stomach was made if
an adenocarcinoma contained a predominant component
(> 50%) of isolated carcinoma cells with intracellular
mucin [19]. There were 32 males and 34 females with a
mean age of 53 (range, 29-91) years. Stage of gastric
carcinoma was described according to the 1997 tumornode-metastasis (TNM) classification of malignant tumors
by the International Union against Carcinoma. Among
the 66 cases, 20 cases showed intestinal metaplasia in
the surrounding mucosa in H.E. staining, 38 cases had a
minimum 3 years of follow-ups.
Immunohistochemistry
Tumor tissues were fixed in 10% formalin and embedded
in paraffin. One paraffin-embedded block of tumorous
tissue was selected from each case and was cut into 4 μm
www.wjgnet.com
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Table 1 Antibodies for immunohistochemistry
Antibody

Clone

Diluent’s
proportion

Company

Gastric phenotypic
markers
MUC5AC

CLH2

1:100

MUC6

CLH5

1:50

HGM

45M1

1:50

Novocastra,
Newcastle, UK
Novocastra,
Newcastle, UK
Novocastra,
Newcastle, UK

Intestinal
phenotypic markers
MUC2
Ccp58

1:100

CDX2

CDX2-88

Li-cadherin

Clone 141713 1:200

VILLIN

CWWB1

1:200

K-2

1:50

CD44v6

VFF-7

1:50

E-cadherin

4A2C7

1:50

β-catenin

CAT-5H10

1:30

Other antibodies
Ki -67

1:50

Novocastra,
Newcastle, UK
BioGenex,
San Ramon CA
Neomarker,
Fremont, CA, USA
Novocastra,
Newcastle, UK
Zymed, San Francisco,
CA, USA
Zymed , San Francisco,
CA, USA
Zymed , San Francisco,
CA, USA
Zymed , San Francisco,
CA, USA

sections. The sections were put in the oven at 60℃ for 4 h,
deparaffinized in xylene, rehydrated in a graded ethanol
series, and treated with 3% hydrogen peroxide solution
for 10 min. Antigen retrieval was done by microwaving
tissues in EDTA buffer (pH 8.0) at over 90℃ for 10
min, then cooling at room temperature for 30 min. The
sections were then incubated with primary antibodies in
a appropriate dilutions (Table 1) at 4℃ overnight. The
primary antibodies were detected using the Powervision
two-step histostaining reagent (PV-6001, Dako, Glostrop,
Denmark) as the secondar y antibody. Finally, the
slides were visualized with 3,3’-diaminobenzedine and
counterstained with haematoxylin. Positive controls for
gastric phenotype markers were normal gastric mucosa;
and for intestinal phenotype markers were normal small
intestinal mucosa. Negative controls were performed by
replacing the primary antibodies with PBS.
Immunohistochemical evaluation
Two experienced pathologists independently examined
staining, being blind to the clinicopathologic data. At least
10 high-power field at 400 × magnification were chosen
randomly and > 1000 carcinoma cells were counted for
each section. The positive expressions for MUC2, VILLIN,
MUC5AC, MUC6, HGM and Li-cadherin were located in
the cytoplasm and cell membrane. CDX2 was located in
nucleus. The cases were defined as positive when > 10%
tumor cells were positively stained in each section[10,14].
According to the expression of phenotypic markers,
tumors were classified into four differentiated phenotypes.
Tumors that were positively stained by one or more gastric
phenotypic markers, but no intestinal phenotypic marker,
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by the Kaplan-Meier method and differences between
survival curves were analyzed by the log-rank test. The
influence of each variable in survival was analyzed by the
multivariate analysis of Cox proportional hazard model
(backward, stepwise). P ≤ 0.05 was considered statistically
significant.

B

F

RESULTS

C

G

D

H

Figure 1 A case of signet ring gastric cancer of GI type showed MUC5AC (+),
HGM (+), MUC6 (-), Li-cadherin (+), CDX2 (+), MUC2 (+) and VILLIN (-). A: HE
× 40; B: MUC5AC; C: HGM; D: MUC6; E: Li-cadherin; F: CDX2; G: MUC2; H:
VILLIN, (B-H: Background picture is immunohistochemical staining of this case by
each marker, × 40; left and lower pictures show positive staining of each marker,
× 400).

were classified as G type; those stained by one or more
intestinal phenotypic markers, but no gastric marker ,were
classified as I type; those positively stained by both gastric
and intestinal phenotypic markers were GI (mixed) type;
and those stained by none of the phenotypic markers were
regarded as carcinomas of the UC (unclassified) type.
Ki67 labeling index was defined as positive nuclear
stained cells ratio after counting 1000 cancer cells in
5-10 high power field. E-cadherin and β-catenin showed
staining in cell membranes or ectopic staining in cell
plasma/nucleus, more than 10% cancer cells stained in
one slide was defined as weak positive, and more than 50%
cancer cells stained as positive. Positive CD44v6 stain was
defined if more than 25% cancer cells were stained in cell
plasma and membrane[20].
Statistical analysis
All data were analysed using SPSS10.0 software.
The association of antibody expression with various
clinicopathologic parameters was analyzed using the
t test, χ2 test, 2-sided Fisher’s test and Spearman’s rank
correlation analysis. Cumulative survival was estimated

Expression of phenotypic markers and phenotypic
classification of gastric SRC carcinoma
Both gastric and intestinal markers showed a
heterogeneous staining pattern (Figure 1). The positive
rates of gastric phenotypic markers MUC5AC, MUC6 and
HGM expression in 66 cases were 56.1% (37/66), 10.6%
(7/66) and 66.7% (44/66) respectively, while the positive
rates of intestinal phenotypic markers MUC2, VILLIN,
CDX2 and Li-cadherin were 48.5% (32/66), 7.6% (5/66),
21.2% (14/66) and 36.4% (24/66), respectively. The
expression pattern of each case is shown in Table 2.
According to the expression of phenotype markers,
we classified the 66 cases of SRC carcinomas into four
phenotypes: 17 cases (25.8%) were G type, 10 cases (15.2%)
were I type, 31 cases (47.0%) were GI type and 8 cases
(12.1%) were UC type.
Based on the number of positive markers, G type cases
can be divided into three subgroups G1-G3 (Table 3). Five
cases (29.4%) showed only one positive marker among
MUC5AC, MUC6 and HGM, 9 cases (52.9%) showed two
positive markers and 3 cases (17.6%) expressed all three
gastric markers.
I type cases also can be divided into three subgroups
I1-I3 based on the number of positive markers. Four cases
(40%) expressed only one of the four intestinal phenotypic
markers MUC2, VILLIN, CDX2 and Li-cadherin, 3 cases
(30%) showed two positive markers and 3 (30%) expressed
three markers, and no case expressed all intestinal markers
in I type.
There were nine expression patterns GI1-GI9 in GI
type cases according to the expression of seven phenotypic
markers. Among these subgroups, the cases expressing one
gastric marker with one intestinal marker and the cases
expressing two gastric markers together with one intestinal
marker were most frequently seen, both were 19.4%
(6/31). The second common situations were two positive
gastric markers coexisting with two or three positive
intestinal markers, both being 16.1% (5/31). The other five
expression patterns were less common (9 cases or 29.0%).
No case expressed three gastric markers together with
more than three intestinal markers or one gastric marker
together with four intestinal markers.
Ki67 labeling index and expression of adhesive molecules
in gastric SRC carcinomas
Among 66 cases, 22 (33.3%) showed Ki67 labeling index
of less than 5%, 18 (27.3%) between 6%-25%, 15 (22.7%)
between 26%-50% and 11 (16.7%) > 50%. The proportion
of cases with Ki67 labeling index > 25% was 11.8% (2/17)
in G type, 50.0% (5/10) in I type, 48.4% (15/31) in GI
type and 37.5% (3/8) in UC type (Table 3). χ2 test showed
that the proportion of cases with Ki67 labeling index >
www.wjgnet.com
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Table 2 Gastric and intestinal phenotypic marker expression in gastric SRC carcinoma
Phenotype
G type (n = 17)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
I type (n = 10)
1
2
3
4
5
6
7
8
9
10
GI type (n = 31)
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
U type (n = 8)
1
2
3
4
5
6
7
8

www.wjgnet.com

Age/Gender

MUC2

Li-cadherin

CDX2

VILLIN

HGM

MUC5AC

MUC6

65/F
60/M
67/F
29/F
66/F
49/M
49/M
69/F
33/F
38/F
35/F
56/M
39/M
70/F
42/M
42.M
66/M

-

-

-

-

+
+
+
+
+
+
+
+
+
+
+
+
+

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

+
+
+
-

63/M
75/M
59/F
60/M
31/F
76/F
73/F
46/F
62/M
41/M

+
+
+
+
+
+
+
+
-

+
+
+
+
+
+

+
+
+
-

+
+
-

-

-

-

31/M
69/F
61/M
67/M
56/M
47/F
65/M
64/M
63/M
48/F
52/F
65/M
72/M
39/F
36/M
51/M
60/F
46/F
45/F
45/F
55/M
65/F
47/F
60/F
46/F
50/F
54/F
32/M
55/M
38/F
59/M

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

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

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

+
+
+
-

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

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

+
+
+
+
-

36/M
49/F
39/M
61/F
70/F
67/M
64/M
34/F

-

-

-

-

-

-

-
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Table 3 Different expression patterns of phenotype markers and Ki67 and β-catenin expression in gastric SRC carcinoma

Phenotype of gastric
SRC carcinomas
G type
G1
G2
G3
I type
I1
I2
I3
GI type
GI1
GI2
GI3
GI4
GI5
GI6
GI7
GI8
GI9
U type

Number of
positive GPM

Number of
positive IPM

1
2
3

0
0
0

0
0
0

1
2
3

1
1
1
2
2
2
2
3
3
0

1
2
3
1
2
3
4
1
2
0

Cases

Ki67 index
> 25%

β-catenin
membrane
expression

Plasma/Nucleus
β-catenin
expression

17
5
9
3
10
4
3
3
31
6
3
1
6
5
5
1
2
2
8

2 (11.8%)
0
2 (22.2%)
0
5 (50.0%)
1 (25.0%)
3 (100%)
1 (33.3%)
15 (48.4%)a
3 (50.0%)
1 (33.3%)
0
3 (50.0%)
4 (80.0%)
2 (40.0%)
0
1 (50.0%)
1 (50.0%)
3 (37.5%)

11 (64.7%)
3 (60.0%)
6 (66.7%)
2 (66.7%)
1 (10.0%)b
0
0
1 (33.3%)
12 (36.4%)
2 (33.3%)
1 (33.3%)
0
3 (50.0%)
4 (80.0%)
1 (20.0%)
0
1 (50.0%)
0
4 (50.0%)

2 (11.8%)
0
1 (11.1%)
1 (33.3%)
4 (40.0%)
1 (25.0%)
2 (66.7%)
1 (33.3%)
14 (45.2%)a
3 (50.0%)
1 (33.3%)
1 (100%)
3 (50.0%)
2 (40.0%)
1 (20.0%)
1 (100%)
1 (50.0%)
1 (50.0%)
3 (37.5%)

GPM: Gastric phenotype marker. IPM: Intestinal phenotype marker. aP < 0.05, bP < 0.05 vs G type.

A

B

Figure 2 A: β-catenin membrane expression in a G type case (β-catenin staining,
× 400); B: β-catenin plasma/nuclues expression in a GI type case (β-catenin
staining, × 400).

25% was significantly lower in G type than in GI type,
P = 0.011. Compared with G type, the proportion of cases
with Ki67 labeling index > 25% was higher in I type, but
the difference was not significant after 2-sided Fisher's
test, P = 0.065. No difference was found between I type

and GI type or UC type and other three types. Compared
with G + UC type (cases expressed none of the intestinal
markers), GI + I type (cases expressed one or more
intestinal markers) had significantly higher proportion of
cases with Ki67 labeling index > 25%, P = 0.012.
β-catenin stained extensively in positive cases of gastric
SRC carcinomas. In 28 cases (42.4%), β-catenin mainly
expressed on membrane, and 23 cases (34.8%) were mainly
stained in plasma/nucleus (Figure 2). Both membrane and
plasma/nucleus stained cases accounted for 13.6% (9/66)
while negative stained cases comprised 36.4% (24/66)
(Table 3). Significant difference of β -catenin plasma/
nucleus staining was found between GI + I type and G
+ UC type (43.9% vs 20.0% P = 0.048). The proportion
of cases with Ki67 labeling index > 25% was significantly
higher in β-catenin plasma/nucleus positive cases than in
plasma/nucleus negative cases (56.5% vs 30.2%, P = 0.037).
The positive rate of CD44v6 in 66 gastric SRC
carcinomas was 7.6% (5/66), two CD44v6 positive cases
were G type, three were GI type and one belonged to I
type. Only 2 cases (3.0%) in this study showed weakly
stained E-cadherin, including one G type case and one
GI type case. No difference was found between CD44v6,
E-cadherin expression and phenotypes.
Correlation between expression of phenotypic
markers, Ki67 labeling index, adhesive molecules and
clinicopathologic parameters
MUC2 (+) cases had a significantly higher lymph node
metastasis rate (75.0% vs 38.2%) and vascular invasion rate
(59.4% vs 20.6%) than MUC2 (-) cases (P = 0.003 and 0.001
respectively), (Table 4). The expression of MUC2 was also
significantly higher in cases with larger tumor diameter
(≥ 5 cm), deeper wall invasion (T2 + T3 + T4) and
higher TNM stage (Ⅲ + Ⅳ) (P = 0.001, 0.008 and 0.007,
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Table 4 Correlation between muc2, cdx2, Li-cadherin, Ki-67 index and clinicopathologic features n (%)
MUC2 expression
Factors
Gender
Male
Female
Age (yr)
Mean ± SE
Tumor
diameter
< 5.0 cm
≥ 5.0 cm
Depth
of wall
invasion
T1
T2
T3
T4
Lymph
node
metastasis
LN (–)
LN (+)
Distant
metastasis
M0
M1
Vascular
invasion
V (–)
V (+)
TNM stage
Ⅰ+ Ⅱ
Ⅲ+Ⅳ

CDX2 expression

Li-cadherin expression

Cases

MUC2(n = 34)

MUC2+
(n = 32)

P

CDX2(n = 52)

32
34

17 (50.0)
17 (50.0)

15 (46.9)
17 (53.1)

> 0.05

23 (44.2)
29 (55.8)

9 (64.3)
5 (35.7)

66

50.9 ± 2.2

56.0 ± 2.2

> 0.051

53.5 ± 1.9

52.9 ± 3.1

32
34

23 (67.6)
11 (32.4)

9 (28.1)
23 (71.9)

0.001

30 (57.7)
22 (42.3)

2 (14.3)
12 (85.7)

13
22
22
9

11 (32.4)
10 (29.4)
10 (29.4)
3 (8.8)

2 (6.3)
12 (37.5)
12 (37.5)
6 (18.8)

0.0082

13 (25.0)
16 (30.8)
15 (28.8)
8 (15.4)

0
6 (42.9)
7 (50.0)
1 (7.1)

> 0.05

29
37

21 (61.8)
13 (38.2)

8 (25.0)
24 (75.0)

0.003

25 (48.1)
27 (51.9)

4 (28.6)
10 (71.4)

60
6

32 (94.1)
2 (5.9)

28 (87.5)
4 (12.5)

48 (92.3)
4 (7.7)

40
26

27 (79.4)
7 (20.6)

13 (40.6)
19 (59.4)

0.001

32
34

22 (64.7)
12 (35.3)

10 (31.2)
22 (68.8)

0.007

> 0.05

CDX2+ P
(n = 14)

Ki-67 index

Li-cad(n = 42)

Li-cad+
(n = 24)

P

≤ 25%
(n = 40)

> 25%
P
(n = 26)

18 (42.9)
24 (57.1)

14 (58.3)
10 (41.7)

> 0.05

18 (45.0)
22 (55.0)

14 (53.8)
12 (46.2)

> 0.05

> 0.051 51.9 ± 3.0

54.6 ± 2.6

> 0.051

53.9 ± 2.2

51.0 ± 2.3

> 0.051

0.004 24 (57.1)
18 (42.9)

8 (33.3)
16 (66.7)

> 0.05

24 (60.0)
16 (40.0)

8 (30.8)
18 (69.2)

0.02

10 (23.8)
15 (35.7)
11 (26.2)
6 (14.3)

3 (12.5)
7 (29.2)
11 (45.8)
3 (12.5)

> 0.05

11 (27.5)
14 (35.0)
10 (25.0)
5 (12.5)

2 (7.7)
8 (30.8)
12 (46.2)
4 (15.4)

0.0482

> 0.05

20 (47.6)
22 (52.4)

9 (37.5)
15 (62.5)

> 0.05

22 (55.0)
18 (45.0)

7 (26.9)
19 (70.1)

0.025

12 (85.7)
2 (14.3)

> 0.05

39 (92.9)
3 (7.1)

21 (87.5)
3 (12.5)

> 0.05

36 (90.0)
4 (10.0)

24 (92.3)
2 (7.7)

> 0.05

34 (65.4)
18 (34.6)

6 (42.9)
8 (57.1)

> 0.05

31 (73.8)
11 (26.2)

9 (37.5)
15 (62.5)

28 (70.0)
12 (30.0)

12 (46.2)
14 (53.8)

> 0.05

27 (51.9)
25 (48.1)

5 (35.7)
9 (64.3)

> 0.05

21 (50.0)
21 (50.0)

11 (45.8)
13 (54.2)

24 (60.0)
16 (40.0)

8 (30.8)
18 (69.2)

0.02

> 0.05

0.004

> 0.05

1

t test; 2T1 vs T2 + T3 + T4.

respectively). No significant correlation was found between
MUC2 expression and gender, age and distant metastasis.
There was significantly higher CDX2 expression in cases
with larger tumor diameter (≥ 5 cm) (P < 0.01), and
higher Li-cadherin expression in vascular invaded cases (P
< 0.01). The expression of CDX2 and Li-cadherin was not
found to correlate with other clinicopathologic parameters.
No significant association was obser ved between
VILLIN, MUC5, MUC6, HGM expression and any of the
clinicopathologic parameters.
The relationship between phenotypic classification
and clinicopathologic parameters is shown in Table 5.
The proportions of positive lymph node metastatic cases
in four phenotypes were 23.5% (4/17) in G type, 60.0%
(6/10) in I type, 74.2% (23/31) in GI type and 50.0%
(4/8) in UC type, respectively. The frequency of vascular
invasion was 11.8% (2/17) in G type, 30.3% (3/10) in I
type, 61.3% (19/31) in GI type and 25.0% (2/8) in UC
type. G phenotype cases had significantly lower rates of
lymph node metastasis and vascular invasion than other
phenotypes (both P < 0.01). More cases of GI type SRC
carcinomas had tumor diameters ≥ 5 cm (67.7% vs 11.8%,
P < 0.001), wall invasion deeper than submucosa layer
(96.8% vs 58.8%, P = 0.002) and higher (Ⅲ + Ⅳ) TNM
stage (63.1% vs 29.1%, P = 0.035) than G type cases. I type
www.wjgnet.com

also had more cases with tumor diameters ≥ 5cm than
G type (70.0% vs 11.8%, P = 0.002). No difference was
found between UC type and other three types. Phenotypic
classification had no correlation with patient’s gender, age
and distant metastasis.
Differences in biological behaviors were observed
between G + UC type (cases expressed none of the
intestinal markers) and GI + I type (cases expressed one or
more intestinal markers), the latter had higher proportion
of vascular invasion (53.7% vs 16.0%, P = 0.002) and
lymph node metastasis (70.0% vs 32.0%, P = 0.002), larger
tumor diameters (68.3% vs 24.0%, P < 0.001), deeper
wall invasion (90.2% vs 64.0％, P = 0.023) and higher
TNM stage (61.0% vs 36.0%, P = 0.048). Spearman’s rank
correlation analysis showed that the number of positive
intestinal phenotype markers in one case was positively
correlated with higher rates of lymph node metastasis
(P < 0.01) and vascular invasion (P < 0.01), larger tumor
diameter (P < 0.01) and deeper wall invasion (P < 0.05),
(Figure 3).
2
χ test showed that, comparing with the cases with
Ki67 labeling index ≤ 25%, the cases with Ki67 labeling
index > 25% had a higher rate of lymph node metastasis
(70.1% vs 45.0%, P = 0.025), larger tumor diameters
(69.2% vs 40.0%, P = 0.020), deeper wall invasion (92.3%
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Table 5 Correlation between four phenotypes of gastric SRC carcinoma and clinicopathologic features n (%)
Four phenotypes of gastric SRC carcinoma
Factors
Gender
Male
Female
Age (yr)
Mean ± SE
Tumor diameter
< 5.0 cm
≥ 5.0 cm
Depth of wall invasion
T1
T2
T3
T4
Lymph node metastasis
LN (–)
LN (+)
Distant metastasis
M0
M1
Vascular invasion
V (–)
V (+)
TNM stage
Ⅰ+ Ⅱ
Ⅲ+Ⅳ
IM
IM (–)
IM (+)

n

G type (n = 17)

I type (n = 10)

GI type (n = 31)

UC type (n = 8)

5 (50.0)
5 (50.0)

15 (48.4)
16 (51.6)

4 (50.0)
4 (50.0)

32
34

8 (47.1)
9 (52.9)

66

53.7 ± 2.9

49.1 ± 4.0

54.7 ± 2.5

52.8 ± 4.3

32
34

15 (88.2)a
2 (11.8)a

3 (30.0)b
7 (70.0)b

10 (32.3)
21 (67.7)

4 (50.0)
4 (50.0)

13
22
22
9

7 (41.2)c
5 (29.1)c
4 (23.5)c
1 (5.9)c

3 (30.0)
2 (20.0)
2 (20.0)
3 (30.0)

1 (3.2)
12 (38.7)
13 (41.9)
5 (16.1)

2 (25.0)
3 (37.5)
3 (37.5)
0

29
37

13 (76.5)c
4 (23.5)c

4 (40.0)
6 (60.0)

8 (25.8)
23 (74.2)

4 (50.0)
4 (50.0)

60
6

16 (94.1)
1 (5.9)

8 (80.0)
2 (20.0)

28 (90.3)
3 (9.7)

8 (100)
0

40
26

15 (88.2)c
2 (11.8)c

7 (70.0)
3 (30.0)

12 (38.7)
19 (61.3)

6 (75.0)
2 (25.0)

32
34

12 (70.6)d
5 (29.1)d

4 (40.0)
6 (60.0)

12 (38.7)
19 (61.3)

4 (50.0)
4 (50.0)

46
20

11 (64.7)
6 (35.3)

6 (60.0)
4 (40.0)

23 (74.2)
8 (25.8)

6 (75.0)
2 (25.0)

IM: Intestinal metaplasia in the surrounding mucosa. aP < 0.001 vs GI type; bP < 0.01 vs I type; cP < 0.01 vs GI type; dP < 0.05 vs GI type.

Correlation between expression of phenotypic markers,
Ki67 labeling index, adhesive molecules and prognosis
In the 38 cases with 3-year follow-up, vascular invasion,
lymph node metastasis, TNM stage and Ki67 labeling
index > 25% were found correlated with poor prognosis
(P = 0.0001, 0.0010, 0.0012 and 0.0141, respectively). GI +
I type had significantly a lower overall survival rate than G
+ UC type (31.82% vs 68.75%, P = 0.0146 (Figure 4). Cox
proportional hazard model (backward, stepwise) showed
that vascular invasion and TNM stage were independent
prognosis factors (P = 0.017 and 0.037, respectively), while
GI + I type, lymph node metastasis and Ki67 labeling
index were not independent prognosis factors.
Correlation between expression of phenotypic markers
and intestinal metaplasia in surrounding mucosa
Among 66 SRC carcinomas, 20 cases (30.3%) possessed
intestinal metaplasia in the surrounding mucosa in
H.E. staining slides. The proportions of metaplastic
cases in four phenotypes were between 25%-40%, no
significant difference was found (Table 5). Expression of
seven intestinal and gastric phenotypic markers was not
correlated with metaplasia in the surrounding mucosa (data
not shown).

V
LN

100

W

80
Positive rate (%)

vs 72.5%, P = 0.048) and higher TNM stage (69.2% vs
40.0%, P = 0.020), (Table 4). No correlation was found
between expression of β-catenin, CD44v6, E-cadherin and
clinicopathologic parameters.

D

60

40

20

0

0

≥3
1
2
Number of positive intestinal markers

Figure 3 Clinicopathological features of different intestinal marker expression
patterns. V: vascular invasion; LN: lymph node metastasis; W: wall invasion
deeper than submucosa layer; D: tumor diameter larger than 5 cm. The number
of positive intestinal phenotype markers in one case was positively correlated with
higher rates of lymph node metastasis (P < 0.01), vascular invasion (P < 0.01),
larger tumor diameter (P < 0.01) and deeper wall invasion (P < 0.05). (Spearman's
rank correlation analysis).

DISCUSSION
T he phenotypic marker expression of tumors is
conventionally thought to imitate that of the tissue of
origin. In this study, immunohistochemistry showed that
three gastric phenotypic markers were positively stained in
www.wjgnet.com
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Figure 4 Gastric SRC carcinomas expressing intestinal phenotype markers (GI+I
type cases) had significantly lower survival rates than those with no expression of
intestinal phenotype markers (G + UC type cases), P = 0.0146 by Kaplan-Meier
method.

normal gastric mucosa, but negatively in intestinal mucosa,
while four intestinal phenotypic markers were positive in
intestinal mucosa and metaplasia of stomach, but negative
in normal gastric mucosa. These results indicated that
the phenotypic markers in our study possessed tissue
specificity.
The expression of MUC2, CDX2 and Li-cadherin was
positively associated with tumor growth or invasion, and
cases expressing more positive intestinal markers showed
higher invasive potential, and cases expressing one or more
intestinal markers had a lower survival rate than cases with
none of intestinal markers positive. Combined analysis of
gastric and intestinal phenotypic markers displayed that
cases only expressing gastric markers had better biologic
behaviors than the cases expressing both gastric and
intestinal phenotype. These results suggest that different
expression patterns of phenotype are associated with
clinicopathologic parameters and prognosis.
In our study, Ki67 was positively associated with
vascular invasion, lymph node metastasis, tumor size
and TNM stage. Ki67 is well known to express in all
cell cycle phases except in the resting cell (G0 phase).
Ki67 immunohistochemistr y has been substituted
extensively for mitotic counting in assessing tumor cell
proliferation[21]. A great deal of studies have demonstrated
that Ki67 is correlated with poor differentiation and worse
biological behaviors in many malignancies[22-24]. In gastric
SRC carcinomas of this study, the intestinal phenotype
positive cases (GI + I type) had higher Ki67 labeling
index, indicating that these cases had a higher proliferative
potential which was concordant with the worse biological
behaviors shown by this kind of gastric SRC carcinomas.
β-catenin is a multifunctional protein, which takes part
in intercellular adhesion on cell membrane and also plays
an important role in Wnt signal pathway. Most β-catenins
are located on cell membrane in normal mature cells and
mediate cell adhesion by connecting with E-cadherin. If
β-catenin accumulates in cytoplasm and translocates to the
nucleus, it binds to the Tcf/Lef family of transcription
factors, resulting in increased transcription of numerous
www.wjgnet.com

Figure 5 Li-cadherin expression in intestinal metapalsia of gastric mucosa (Licadherin staining, × 100).

genes, including c-myc and cyclin D1, and abnormal
proliferation[25]. Our finding is consistent with previous
reports that plasma/nucleus staining of β -catenin is
positively correlated with higher Ki67 labeling index. The
intestinal phenotype positive cases with high plasma/nucleus
β-catenin staining rates indicated that the high proliferative
activity of these cases is associated with activation of
Wnt signal pathway. GI type SRC carcinomas had lower
β-catenin membrane staining rates than G type, indicating
that the higher metastasis ability of GI type may be
associated with low cellular adhesion due to reduction of
membrane β-catenin.
Li-cadherin is a novel member of the cadherin family
specifically expressed in polarized epithelia of the liver and
intestine of rats which was discovered in 1994[26]. Human
Li-cadherin is an intestine specific cell adhesive molecule
that also ectopically expressed in the metaplastic mucosa
of the stomach as well as in gastric adenocarcinomas of
the intestinal type[27]. Ko et al[28] reported that lymph node
metastasis was significantly associated with the expression
of Li-cadherin. Ito et al[29] reported Li-cadherin had higher
expression in advanced gastric carcinoma than early gastric
cancer, and associated with poor prognosis. Oue et al[30]
discovered that Li-cadherin is positively correlated with
tumor stages. Our result is concordant with these reports,
which indicates that the intestinal phenotype positive
cases possessed worse biological behavior possibly due
to the expression of intestinal specific adhesive molecule
Li-cadherin. However, the mechanism of Li-cadherin
expression associated with worse biological behavior
remains to be investigated[30]. In addition, we studied Licadherin immunohistochemically in 20 gastric biopsies
with intestinal metaplasia and found that Li-cadherin was
positively detected in all cases (Figure 5). Taken together,
ours and previous studies suggest that Li-cadherin may be
a novel specific marker for intestinal metaplasia.
In this study, we found an increased intestinal
phenotype expression along with the progression of
gastric SRC carcinoma. This phenomenon may be an
appearance of abnormal differentiation and increased
heterogeneity. Similar results can be seen in several
Japanese reports: Yamachika et al[12] classified 203 gastric
signet ring cell carcinomas into gastric phenotype and
intestinal phenotype with PCS, GOS, S-GOS, anti-PgⅡ,

Tian MM� et al . Gastric signet ring cell carcinoma clinicopathology and prognosis

SH-9 and TKH-2 immunohistochemical staining. Their
results showed that the proportion of gastric phenotype
carcinoma cells decreases with the depth of invasion
and the intestinal phenotype in four carcinomas involved
the serosa. Bamba et al[10] applied immunohistochemistry
with MUC2, M1 and PCS (Ⅲ) to define the phenotype
of 54 gastric signet ring cell carcinomas. They found
that the larger size of the mucosal lesion was, the more
frequently the intestinal phenotype was demonstrated.
Aihara et al[13] examined MUC2, M1 and MUC6 staining
of 69 early gastric SRC carcinomas; they classified these
cases into G type and GI type and found the GI type was
correlated with the depth of wall invasion. The findings
of these studies showed that there is a phenotypic shift
of cancer cell during gastric SRC carcinoma progression.
This phenotypic shift may be a comitant phenomenon of
tumor progression due to increasing heterogeneity.
A number of clinical studies revealed the difference
of biological behaviors and prognosis among patients
with gastric SRC carcinoma, indicating that morphologic
classification is not enough for us to predict the progression
and outcome of this kind of gastric carcinoma, and subtype
classification needs further investigations. Our study
showed that different phenotypic expression patterns were
significantly associated with clinicopathologic parameters
and prognosis of SRC carcinomas of stomach. Examination
of phenotype expression may be a useful evidence for
further classification and prognostic prediction in gastric
SRC carcinomas.
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Abstract
AIM: To evaluate and compare the hepatoprotective
and immunomodulatory effects of Curcuma longa
(CL), Ocimum sanctum (OS), Tinospora cordifolia
(TC) and Zizyphus mauritiana (ZM) on liver injury
and immunosuppression induced by Isoniazid (INH),
Rifampicin (RIF) and Pyrazinamide (PZA).
METHODS: Duncan Hartley guinea pigs, weighing
700-1050 g, were treated orally with 50 mg/kg of
INH, 100 mg/kg of RIF and 300 mg/Kg of PZA for
21-d. 200 mg/kg (bw) of each herb crude extract
was administered to the herb control group and 2-h
previous to INH + RIF + PZA (AKT) doses to the Herb
+ AKT groups. Serum alanine aminotransferase (ALT),
aspertate aminotransferase (AST) bilirubin and Alkaline
Phosphatase (ALP) were assessed on d 0 and 21 in
all the groups. Phagocytic % (P%), Phagocytic Index
(PI) and Chemotactic Index (CI) were also measured
as immunologic parameters. Histological analysis was
carried out to assess injury to the liver.
RESULTS: The AKT treated control group showed
hepatotoxicity as judged by elevated serum AST 5-fold,
AST/ALT ratio 4-fold, ALP 2-fold and hepatological
changes, such as focal necrosis, portal triaditis and
steatosis. Immune function was suppressed as judged by
decreased P% (51.67 ± 1.68 vs 40.61 ± 1.28, P < 0.01),
PI (2.0725 ± 0.05 vs 0.61 ± 0.05, P < 0.001) and CI
(1.8525 ± 0.04 vs 0.695 ± 0.07, P < 0.001). All four herb
treated groups showed normal liver histology, enzyme
levels and increased P%, while PI and CI were enhanced
in the TC and ZM treated groups, respectively. CL + AKT,
TC + AKT and ZM + AKT showed nearly normal histology

with minimal inflammation and microvesicular steatosis,
while OS + AKT showed partial protection. Hepatotoxicity
was prevented by restricting the rise of AST by 2-fold in
CL + AKT and TC + AKT groups and by 3-fold in OS +
AKT and ZM + AKT groups, AST/ALT by 2-fold and ALP
to normal levels in all four groups. All four herb + AKT
groups showed normal to enhanced neutrophil function.
CONCLUSION: All four herbs showed hepatoprotective
potential and prevented immunosuppression. CL and TC
showed the highest hepatoprotective activity, while TC
and ZM showed strong immunostimulatory activity.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
About one third of the world’s population has latent
tuberculosis and roughly 9 million cases of active
tuberculosis emerge annually, resulting in 2-3 million
deaths. Most new cases occur in the most populated
nations, such as India and China [1,2] . Combination
chemotherapy containing INH, RIF, PZA, with or
without ethambutol, for an initial 2 mo followed by a
continuation phase of 4-6 mo of INH + RIF is the
preferred regimen for successful treatment, which prevents
acquired resistance and enhances efficacy[3]. Drug induced
hepatotoxicity is a potentially serious adverse effect of
antituberculosis or anti-Koch’s treatment (AKT) regimens
containing INH, RIF and PZA [4] . A higher risk of
hepatotoxicity has been reported in Indian patients (up to
11.5%) than in their Western counterpart (up to 4.3%)[5].
The only measure available for managing hepatotoxicity
is stopping the offending agents, once there is evidence
www.wjgnet.com
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of liver damage, and reintroducing the agents after
normalization of liver enzymes[6,7].
Preventive therapy for latent tuberculosis with a 2
mo course of RIF and PZA causes severe hepatotoxicity
more often than does 6-mo of INH therapy or curative
treatment for clinical tuberculosis[8,9]. Similar high risk was
observed with PZA and ethambutol or a fluroquinolone
when given to contacts of multi-drug resistant tuberculosis
patients[10].
Tinospora cordifolia, Terminalia chebula, Emblica officinalis
and garlic have been shown to offer hepatoprotection
against hepatotoxic compounds, such as CCl4, and INH
and RIF induced liver damage in rats. The antioxidative,
membrane stabilizing and CYP2E1 and lipid peroxidase
(LPO) inhibitory effects of the herbs might be important
regarding hepatoprotective potential[11-13].
In view of the lack of definitive recommendation
or alternative safe agents for treating latent or active
tuberculosis, we thought it imperative to evaluate the ability
of well known Indian herbs to offer hepatoprotection in
a guinea pig model of AKT-induced hepatotoxicity. Liver
histology, enzyme levels and the immune system of guinea
pigs are nearer to humans than any other rodent species,
hence we preferred guinea pig[14]. Four Indian herbs that
are inexpensive, easily available and have a well established
place in traditional Indian medicine were selected. They
have similar antioxidant, immunomodulatory, stress
relieving and cellular protective potential.
Curcuma longa L
C longa is a plant that belongs to the family Zingiberaceae
and is known as Haldi in Hindi and Tur meric in
English. Its use has demonstrated a wide spectrum of
therapeutic effects, such as anti-inflammatory, antioxidant,
antimutagenic, antitumor, antifungal, antiviral, antibacterial,
antispasmodic and hepatoprotective activities. Recently its
potential utility in acquired immune deficiency syndrome
(AIDS) was demonstrated[15].
Ocimum sanctum L
O sanctum is a plant that belongs to the family Labiatae and
is known as Tulsi in Hindi and Holy Basil in English. It is
known to have adaptogenic activity[16] and has numerous
phar macological activities, such as hypoglycemic,
antistress, immunomodulatory, analgesic, antipyretic,
anti inflammatory, antiulcerogenic, antihypertensive,
CNS depressant, hepatoprotective, chemopreventive,
radioprotective, antitumor and antibacterial activities[17-20].
Tinospora cordifolia (wild) Miers ex Hook F and Thomas
T cordifolia is a shr ub that belongs to the family
Menispermaceae. It is a large climbing shrub that grows
throughout tropical India and is popularly known as Giloya
in Hindi and Tinospora in English. It is used in general
debility, digestive disturbances, loss of appetite and fever
in children. It is also an effective immunostimulant[21].
Zizyphus mauritiana Lam
Z mauritiana is a plant that belongs to the family Rhamnaceae.
In India, it is commonly known as Ber and in English it
is known as Indian berry. This plant is rich in biological
www.wjgnet.com

June 21, 2007

Volume 13

Number 23

active compounds, such as triterpenes, cyclopeptide
alkaloids and flavonoids, which have been shown to have
inhibitory effects on histamine release, hippocampal
formation, and cycolooxygenase-1 and 2[22]. It also has
cytotoxic, immunological adjuvant and hepatoprotective
activities[23].

MATERIALS AND METHODS
Animals
Duncan Hartley guinea pigs were provided by SPAN
Diagnostic Ltd. and were maintained in the animal house
of the SPAN Research Centre under specific pathogen
free laboratory conditions with free access to food and
water. All the animals used were approved by the CPCSEA
committee and its ethical rules were followed throughout
the experimental procedures.
As hepatotoxicity is more common in old age[24] we
took adult (> 1 year old) guinea pigs weighing between
700-1050 gms (average wt. 925 gms).
Preparation of the Guinea pig model for AKT induced
hepatotoxicity
For this study, a Macox-ZH Kid dispersible tablet
containing RIF 100 mg, INH 50 mg and PZA 300 mg,
manufactured by Macleods Pharmaceuticals Ltd., was
used to induce hepatotoxicity in guinea pigs at a dose of
1-tablet/kg daily for 21 d. The tablets were dissolved in
distilled water and given orally by force feeding.
Herbs
Turmeric powder was purchased from the local market and
standardized by HPTLC, with curcumin (Bayir Chemical
Banglore) as the standard. A fine powder of shade dried
leaves of Tulsi was purchased from a local pharmacy and
standardized by HPTLC using ursolic acid content as a
marker. Giloya powder of aerial roots was purchased from
Atmanand Saraswati Pharmacy and standardized against
tinocordin (Wockhardt Pharmacy) by HPTLC. Ber was
purchased from a local market and seeds were ground to
make a fine powder; standardization was done by HPTLC
fingerprinting with saponins as the standard.
Study groups
Animals were divided into ten groups with four animals
in each group. A force feeding method was adopted for
feeding the animals.����������������������������������
(1) �����������������������������
The Normal control group was
fed with Bengal gram powder for 21 d (CT).�������������
(2) ��������
The AKT
control group was given 50 mg INH, 100 mg RIF and 300
mg PZA/kg bw for 21 d (AKT).�������������������������
(3) C
��������������������
longa, O sanctum,
T cordifolia and Z mauritiana treated groups were fed with
200 mg/kg bw daily for 21 d with herbs (Cl, Os, Tc and
Zm groups, respectively).�����������������������������
(4) Four
������������������������
herb + AKT treated
groups were fed with 200 mg/kg bw of the respective herb
followed by Macox-ZH Kid 1-tab/kg bw at an interval of
2 h for 21 d (Cl + AKT, Os + AKT, Tc + AKT and Zm +
AKT, respectively).
Reagents
The reagents for total bilirubin and alkaline phosphatase
(ALP) [pNPP-AMP (IFCC), Kinetic assay] kit was
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Table 1 Effects of AKT, Herb and Herb + AKT on Liver
enzymes (mean ± SE, n = 4)

Table 2 Effects of AKT, Herb and Herb + AKT on PMN
function (mean ± SE, n = 4)

Treatment
CT
AKT
CL
CL+AKT
OS
OS+AKT
TC
TC+AKT
ZM
ZM+AKT

Treatment
CT
AKT
CL
CL + AKT
OS
OS + AKT
TC
TC + AKT
ZM
ZM +AKT

AST
47 ± 6.15
239.5 ± 7.77d
56.75 ± 4.77
95.75 ± 7.69h
47 ± 2.16
128.75 ± 10.87h
44.5 ± 4.29
104 ± 6.79h
43.75 ± 0.75
132.5 ± 25.88h

ALT
55 ± 7.86
61.75 ± 1.97
51.25 ± 3.57
48 ± 8.26
57 ± 4.55
64.5 ± 10.48
49.5 ± 5.20
62.75 ± 9.24
51.25 ± 2.02
62.75 ± 8.98

AST/ALT
0.92 ± 0.03
3.82 ± 0.23d
1.11 ± 0.09
2.13 ± 0.28f
0.83 ± 0.04
2.12 ± 0.31f
0.9 ± 0.03
1.77 ± 0.31f
0.85 ± 0.02
2.1 ± 0.35f

ALP
68.75 ± 2.69
125 ± 5.23d
54 ± 1.47b
62 ± 6.28h
61.5 ± 2.63
54.25 ± 2.17h
66.25 ± 2.95
60.75 ± 3.9h
59.25 ± 1.55
61.25 ± 1.77h

P ≤ 0.01, CT vs CL; dP ≤ 0.001, CT vs AKT; fP ≤ 0.01, hP ≤ 0.001, AKT vs CL

+ AKT, OS + AKT, TC + AKT and ZM + AKT. No significant effect of any
herb on liver enzymes.

purchased from SPAN Diagnostic Ltd. An aspartate
aminotransaminase (AST) kit was purchased from BioSystems and an alanine aminotransaminase (ALT) kit was
purchased from Chemelex, S.A. For harvesting PMNs,
PMN function and chemotaxis, all the reagents were
purchased from Sigma Aldrich. and Hi-media. Candida
albicans pure culture was gift from KEM Ayurvedic
Research Centre, Mumbai. For liver-biopsy, haematoxylin
and eosin were purchased from SPAN Diagnostic Ltd.
Biochemical assays
10 mL of blood was drawn by cardiac puncture from each
animal in the above mentioned groups, before sacrificing
the animals for liver biopsy by injecting pentobarbitone
sodium 90 mg/kg (bw) i.p[25], to study the biochemical and
immune parameters.
Biochemical parameters
AST and ALT were measured by MDH-NADH Kinetic
UV and LDH-NADH Kinetic UV, respectively. Total and
direct bilirubin was measured by the Jendrassik and Grof[26]
method. ALP was measured by pNPP-AMP (IFCC)
Kinetic Assay[27].
Immune parameters (PMN functions)
Polymorphonuclear (PMN) cells were harvested by Boyum’
s method[28] for carrying out Candida phagocytic assay by
the Lehrer and Cline method[29] and the chemotactic assay
was studied by the Chenoweth agarose gel method[30].
The phagocytic% and phagocytic index were
determined as follows:
PHAGOCYTIC% =

No. of neutrophil demonstrating phagocytosis
Total no. of neutrophils studied

PHAGOCYTIC INDEX =

× 100

No. of Candida engulfed in 100 PMN cells
Total cells involved in phagocytosis

Chemotaxis was calculated as follows:
Chemotactic index =

Distance traveled by neutrophil from central well to chemotactic well

  Distance traveled by neutrophil from central well to MEM well

Histology
After CO2 euthanasia, representative blocks of liver were
dissected out and fixed in 40 mg/L formaldehyde. Slides

b

P%
51.67 ± 1.68
40.61 ± 1.28b
73.3475 ± 0.75d
72.725 ± 1.14f
58.3875 ± 1.42b
55.1325 ± 0.89f
70.9925 ± 0.99d
70.9875 ± 0.97f
76.7675 ± 0.48d
75.1 ± 0.7f

P. Index
2.0725 ± 0.05
0.61 ± 0.05d
2.47 ± 0.14
2.3425 ± 0.17f
2.46 ± 0.15
1.1875 ± 0.05a
4.4 ± 0.09d
4.4625 ± 0.16f
2.3925 ± 0.07
2.34 ± 0.10f

C. Index
1.8525 ± 0.04
0.695 ± 0.07d
1.83 ± 0.03
1.22 ± 0.03f
1.7975 ± 0.04
1.5425 ± 0.04f
1.8775 ± 0.02
1.8675 ± 0.04f
2.0425 ± 0.03b
2.0575 ± 0.05f

P ≤ 0.01; dP ≤ 0.001, CT vs AKT, CL, OS, TC and ZM; aP ≤ 0.05, fP ≤ 0.001,

AKT vs CL + AKT, OS + AKT, TC + AKT and ZM + AKT.

containing full cross sections of the major hepatic lobules
were prepared. Paraffin wax blocks were preserved for
future reference. Light microscopic examination of liver
was done on sections stained with hematoxylin and eosin.
Statistical analysis
Data were analyzed by analysis of variance (ANOVA)
followed by Tukey’s HSD procedure. The statistical
program used was KY Plot for windows version 2.0 beta
15. The significance level was P ≤ 0.05.

RESULTS
In the present study, the hepatotoxicity guinea pig model
was successfully produced by administration of INH 50
mg/kg (bw), RIF 100 mg/kg (bw) and PZA 300 mg/kg
(bw) orally with force feeding for 21 d. A 5-fold rise in
AST, 4-fold rise in AST/ALT ratio and 2-fold rise in
ALP were taken as evidence of liver injury (Table�����
����
1).
Histologically, focal areas of hepatocytic necrosis, triaditis
and macro-microvesicular steatosis were observed.
Along with hepatotoxicity, P%, PI and CI were lowered
significantly suggesting concomitant immunosuppression
(Table����
���
2).
Liver enzymes
In 4 herb treated groups, after 21 d of herb treatment,
there were no significant changes in levels of liver
enzymes, except a statistically significant reduction (within
range of normality) in ALP level seen in the CL treated
group. Table��������������������������������������
1�������������������������������������
shows the effects of AKT and herb+
AKT on liver enzymes, and the AKT group showed a
more than 5-fold rise in AST (P ≤ 0.001), while in the
CL+AKT and TC + AKT groups, the rise halted at
2-fold (P ≤ 0.001) and in the OS + AKT and ZM +
AKT groups, the rise halted at 3-fold (P ≤ 0.001) when
compared to the CT group. ALT group did not show any
significant or consistent rise with AKT or herb + AKT.
The AST/ALT ratio (normal range 0.7-1.4)[31], which helps
to confirm drugs or alcohol hepatotoxicity, was raised to 4
times normal (P ≤ 0.01) in the AKT group and halted at
twice normal in all the 4 herb + AKT groups (P ≤ 0.01).
Bilirubin, both direct and indirect, remained within normal
www.wjgnet.com
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Figure 1 Normal Guinea pig liver (HE, x 45).

limits with non significant changes (data not shown).
Liver histology
The liver histology of control and herb treated groups
was found to be normal (Fig�����������������������������
ure �������������������������
1), that is, with normal
architecture and without steatosis, inflammation, triaditis
or necrosis. AKT group showed disrupted architecture,
macro-microvesicular steatosis, mild inflammation, triaditis
and scattered focal necrosis (Fig��������
ure 2A).
����
The CL + AKT group had normal liver architecture
and occasional inflammatory cells with no triaditis or
necrosis (Fig����������������������������������������������
ure ������������������������������������������
2B). An even better result was seen in TC
+ AKT group where very mild microvesicular steatosis
was the only abnormality (Fig����������������������
ure 2�����������������
������������������
C����������������
). The ZM + AKT
group showed more microvesicular steatosis than the
TC+AKT group liver histology (Fig��������
ure 2���
����
D��
).
The OS + AKT treated group showed considerably
less steatosis and inflammation than the AKT group. But,
it was not as spectacular as the other herb+ AKT liver
sections, suggesting partial protection at the cellular level
(Fig��������
ure 2���
����
E��
).
PMN functions
After 21 d of herb treatment, P% was enhanced with
each of the 4 herbs (Table 2). CL, TC and ZM were
equipotent (P ≤ 0.001). But, OS showed slightly weaker
action (P ≤ 0.01). PI was raised significantly by TC only (P
≤ 0.001) while the increment observed with other herbs
did not reach statistical significance. These observations
suggest that although all 4 herbs recruit a greater number
of neutrophils into phagocytic activity, the phagocytic
capacity of individual neutrophils was enhanced by TC
only. CL, OS, and TC showed no significant effect on CI;
but ZM showed significant enhancement (P ≤ 0.001).
The effect of AKT on PMN function clearly showed
significant reduction for all three parameters (i.e. P%, PI
and CI) when compared to the CT group (P ≤ 0.001). The
effects on PI and CI were more pronounced than on P%.
In herb + AKT treated groups, P% not only reverted
to normal, but was found to match the enhanced levels
seen in herb treated groups, suggesting that, in the
presence of each of the 4 herbs, AKT could not exert
an immunosuppressive effect. PI showed similar results,
except in the OS + AKT group, where PI did reach a
normal level, but was at a lower level than seen in OS
www.wjgnet.com
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Figure 2 Guinea pig liver treated with AKT (A), CL + AKT (B), TC+ AKT (C), ZM +
AKT (D) and OS + AKT (E).

treated group.
CI showed significant, but partial recovery in the CL +
AKT and OS+ AKT groups (P ≤ 0.001), while the TC +
AKT and ZM + AKT groups showed complete recovery
(P ≤ 0.001).

DISCUSSION
Selection of an animal model is important if the results
of the experiment are to be extrapolated to a human
population. Looking at the comparative biology of
test species for acetylation, deacetylation, debrisoquine
oxidation, aryl hydrocarbon, hydroxylase variation, hepatic
epoxide hydrase and β-glycuronidase activities, it is evident
that the guinea pig mimics human biology more closely
than any other rodent species[32]. In the present study,
a hepatotoxicity model of guinea pig was successfully
produced by feeding 50 mg INH, 100 mg RIF and 300
mg PZA/kg (bw) orally for 21 d. This dose is some what
higher than used by other workers, and much higher
than the comparable human dose. But, this is justified by
taking into account the fact that guinea pig liver is most
resistant to injury among rodents and that rodents are fast
metabolizers.
Oxidative stress [33] , lipid peroxidation [34] , choline
deficiency leading to lowering of phospholipids protein
synthesis with alteration in cell wall configuration [35],
reduced glutathione level[36], activation of CYP2E1[37] are
implicated in AKT induced hepatotoxicity and it is well
known that many nontoxic herbs have opposite activities
in the form of membrane stabilizing, antioxidative and
CYP2E1 inhibitory effects[12]. A review of the available
literature suggests that a reduction in the lipid peroxide
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content of tissue and an increase in superoxide dismutase,
catalase, glutathione, glutathione-S-transferase and
glutathione peroxidase activities should help to maintain
liver cell integrity and control the increased level of AST,
ALT and ALP.
PMN function was markedly suppressed in our
hepatotoxicity model though the effects of AKT on
human PMN functions in vitro at therapeutic serum
concentrations showed increased phagocytic activity[38].
Modulation of phagocytic activity by antibiotics is a most
widely investigated and controversial area. RIF quenches
superoxide anions and cyclones, which scavenge HOCl,
while INH directly interferes with myeloperoxidase (MPO)
and impairs the production of HOCl by the MPO-H2O2halide system. The resultant effect would manifest as antiinflammatory action by INH and decreased oxidative
burst, as well as T and B lymphocyte function by RIF[39,40].
The available literature shows that rhinax[41], garlic[13],
Liv-52[42], Emblica officinalis[12] and Terminalia chebula[11] have
demonstrated hepatoprotective activities in experimental
animal models of AKT-induced hepatotoxicity in rat.
N-acetylcysteine[33], tocopherol acetate and riboxine[43],
have prevented morphological changes, suggesting that
oxidative injury could be prevented by giving cellular
antioxidant support in an animal model of INH + RIF
hepatotoxicity.
The CL treated group showed no effects on AST,
ALT or the AST/ALT ratio. S. ALP was significantly
reduced (P ≤ 0.01). The significance of this finding is
unclear. But, similar changes are seen in malnutrition and
with antilipemic agents[44]. Curcumin is known to have
anorexiant and antilipemic actions that may explain the
findings in the present experiment. Liver histology was
normal. P% was enhanced (P ≤ 0.001). But, PI and CI
were not affected, suggesting that it could recruit more
PMN in phagocytosis without enhancing the phagocytic
and chemotactic activities. The available literature
shows an effect of CL on neutrophil function in the
presence of inflammation only, which indicates inhibition
and modulation in the presence of different chemo
attractants[45]. Looking at the effects of treatment with
CL + AKT on liver enzymes, ALP was normalized and
AST was kept at the two fold level, and the AST/ALT
ratio was near two. More spectacular was the histological
changes that were minimal when compared with that of
the only AKT group. Only mild microvesicular steatosis
and very little evidence of lobular inflammation were seen.
Curcumin has free radical scavenging and hepatoprotective
activities tested in vitro[46]. It suppresses the production
of superoxide by macrophages, has a potent antiinflammatory action that inhibits the production of tumor
necrosis factor alpha (TNF-α), interleukin (IL) 1-β and the
activation of NF-κB in human monocytic derived cells[47].
It also has a strong antioxidant property and it inhibits
lipid peroxidation in rat liver microsomes, erythrocytes
membrane and brain homogenates, by maintaining the
activity of SOD, catalase and glutathione peroxidase
at a higher level[48]. These properties clearly explain the
hepatoprotective potential of CL that was seen clearly
in the experimental results of this study. Curcumin has
antiviral, antiprotozoal, antibacterial, anti-inflammatory,
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chemoprotective and antioxidant action, in addition to its
hepatoprotective activity, without any known side effects
or toxicity. We, therefore, think it imperative to devise a
prospective human trial in immunocompromised, as well
as latent tuberculosis patients, as an adjuvant to standard
chemotherapy.
The OS treated group showed no significant change
from the control group for all the parameters except an
increase in P% (P ≤ 0.01). The OS + AKT treatment group,
when compared with the AKT control group, showed
partial recovery for liver enzymes and PMN function.
The liver histology showed moderate microvesicular
steatosis and inflammatory changes. Compared to the
other herb treated group, the hepatoprotective effect of
OS was weaker. Panda and Kar[49] have shown a significant
decrease in hepatic lipid peroxidation and hepatic
glucose-6-phosphate activation and a significant increase
in SOD and superoxide catalase. These actions should
have protected the liver more effectively. But, a high
level of eugenol, which is hepatotoxic with glutathionedepleted liver[50], might have interfered as AKT is also
known to deplete glutathione from liver tissue. OS has
immunomodulatory action, which is probably dependent
on a radical scavenging potential and dual effect on nitric
oxide production[51].
The TC treated group showed insignificant changes in
liver enzymes and a normal liver biopsy. P% was enhanced
markedly when compared with the control group (P ≤
0.001) and with other herb groups; i.e., ZM (P ≤ 0.05) and
OS (P ≤ 0.001). PI was enhanced significantly compared
to the control group (P ≤ 0.001). CI was not altered
significantly. The AKT group showed all parameters
suppressed. But, the TC + AKT treatment maintained
the parameter to pretreatment levels. Liver biopsy showed
minimal changes and was near normal. TC induces
enzymes of drug metabolism and the antioxidant system
and inhibits lipid peroxidation in mice. Cytochrome P450,
NADP-Cytochrome (P sub 450) reductase, GlutathioneS-transferase, DT diaphorase, SOD and catalase are
enhanced. These effects improve liver function, protect
against toxic assaults and increase protein synthesis by
the liver[52]. These activities can account for the observed
hepatoprotective potential. It is a known immunostimulant.
A compound polysaccharide in nature has been isolated
from dry stem crude extract and has been shown to
enhance the humoral immune response in mice. It has
also been observed that treatment of mice with dried
stem crude extract prevented cyclophosphamide-induced
myelosuppression as well as immunosuppression [53] .
Improved humoral immunity, enhanced macrophage and
Kupffer cell function, enhanced neutrophil function,
antioxidant activity and excellent hepatoprotective
potential makes TC an ideal adjuvant agent to be evaluated
in humans in clinical settings.
The ZM treated group showed normal liver enzymes
and liver histology. P% (P ≤ 0.001) and CI (P ≤ 0.01)
were enhanced significantly, while PI was not affected,
suggesting immunostimulatory activity. The ZM + AKT
treatment group showed significant reduction in AST
when compared to the AKT group. ALP normalized
completely. ALT showed a non significant rise. P%, PI
www.wjgnet.com
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and CI were not affected by ZM + AKT and the level
remained similar to the ZM treated group only. These
findings suggest that ZM has strong immunostimulatory
activity that was not suppressed by AKT or hepatotoxicity.
Looking at enzyme levels, the hepatoprotection afforded
by ZM was comparable with OS. But the liver biopsy
showed near normal histology with very little steatosis,
suggesting higher efficacy. Antioxidant phytochemicals
that would quench the reactive intermediates and radical
species generated during oxidative stress, and constituents
helping to keep normal levels of glutathione, might be
responsible for its hepatoprotective activity. In traditional
Kampo herbal formulae, Z. jujube (syn. mauritiana) is one
of the 7 compounds that is used to maintain normal liver
function, and when given prospectively to a large series
of patients with cirrhosis of liver, it also prevented liver
cancer. ZM enhances the activity of natural killer cells and
hence may be called an immunopotentiator[54]. The active
components and their activities resulting in hepatoprotection,
immunopotentiation and chemoprevention may be
investigated for a better understanding and application of
the herb.
In the present study, it was observed that steatosis was
the first change to occur, followed by evidence of triaditis
and focal necrosis. Though all three drugs of AKT are
hepatotoxic, INH metabolite hydrazine is implicated in
inducing steatosis by altering the hepatic gene expression
profile favoring production and intracellular transport of
hepatic lipid over the removal of fatty acid metabolites.
Peroxidation of accumulated lipids leads to formation of
toxic reactive aldehyde byproducts and downstream effects,
such as impaired membrane integrity, mitochondrial and
sarcoplasmic reticulum dysfunction and altered calcium
homeostasis[34]. CL, TC and ZM have markedly prevented
steatosis and preserved the morphological integrity of
liver, suggesting that they might have prevented the
change in the hepatic gene expression profile, directly or
indirectly, favoring steatosis in the first place followed by
their property of supporting cellular antioxidant enzyme
systems. This would imply that these herbs might be
effective in many other clinical conditions where steatosis
is the initial or ultimate liver pathology.
In conclusion, all four herbs were found to be
effective in preventing hepatotoxicity partially with near
similar efficacy, considering the profile of liver enzymes.
Histologically, near normal morphology of liver was
observed with CL, TC and ZM, suggesting their superior
cellular protective potential even in the presence of
drugs or toxins. OS showed partial protection probably
due to its eugenol content. CL and TC showed higher
hepatoprotective activity. TC and ZM showed strong
immunostimulatory activity. PMN function was altered
along with hepatotoxicity in guinea pigs. Study of PMN
and macrophage function in human AKT induced
hepatotoxicity cases must be done and its clinical
significance must be decided. Human prospective trials
with patients predisposed to develop hepatotoxicity and
immunocompromised groups of tuberculosis patients,
as well as patients with latent tuberculosis, are imperative
to explore the possibility of improved outcome and
preventing morbidity and mortality.
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Abstract
AIM: To compare irritable bowel syndrome (IBS) pa�
tients with apparently healthy persons and to evaluate
body awareness therapy, which is a physiotherapeutic
remedy focusing on normalising tensions in the body,
for the treatment of IBS with the hypothesis that altered
body tension is associated with the syndrome.
METHODS: Twenty-one IBS patients received body
awareness therapy two hours weekly for 24 wk. At base�
line as well as after 12 and 24 wk, they underwent ex�
aminations including resource oriented body examination
in combination with body awareness scale evaluation
and filled in gastrointestinal and psychological symptom
questionnaires. Saliva cortisol was analysed. A group of
21 apparently healthy persons underwent the same ex�
aminations once.
RESULTS: Compared to the apparently healthy group,
IBS patients scored higher at baseline for gastrointestinal
and psychological symptoms. They showed more often
alterations in normal body tension patterns, as well as
deviating cortisol slopes in saliva. After 24������������
wk
�����������
of body
awareness therapy, their gastrointestinal and psychologi�
cal symptoms were reduced overall. Somatic symptoms
decreased in parallel with depressive symptoms. Whole
body pain score decreased, coping ability as well as bio�
chemical stress markers improved.
CONCLUSION: IBS patients scored higher for gastroin�
testinal and psychological symptoms, and presented with
altered biochemical stress markers. Their body tension
deviated compared to healthy controls. Furthermore,
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body awareness therapy gave relief of both somatic com�
plaints, psychological symptoms and normalised body
tension. These findings indicate that distorted tension
constitutes an important part of the symptoms in IBS.
© 2007 The WJG Press. All rights reserved.

Key words: I�������������������������
��������������������������
rritable bowel syndrome��;�������
������
P�����
ain��;� ����������
C���������
ortisol��;�
P��������������
hysiotherapy��;�������������������������
������������������������
B�����������������������
ody awareness therapy��;�����������������
����������������
P���������������
sychosomatics��;�
G�����������������������
astrointestinal tract��;�������
������
S�����
tress
Eriksson EM, Möller IE, Söderberg RH, Eriksson HT��, �����
Kurl�
berg GK��������������������������
.�������������������������
������������������������
Body awareness therapy��: ��������������������������
A�������������������������
new strategy for relief
of symptoms in irritable bowel syndrome patients��.� World J
Gastroenterol 2007; 13(23): 3206-3214

http://www.wjgnet.com/1007-9327/13/3206.asp

INTRODUCTION
Irritable bowel syndrome (IBS) is considered the most
common of all gastrointestinal disorders with a prevalence
of 5%-25%[1-4]. Bowel habits are altered in association with
abdominal pain and discomfort. The diagnosis of IBS is
made in the absence of alarming symptoms, such as fever,
,��
6]
bleeding or weight loss based on the clinical criteria[5���
. In
addition, associated symptoms, like headache and dysuria
are often evident in IBS patients. These patients have often
other disorders such as fibromyalgia, panic disorder, anxiety states and depressions[7-9].
The aetiology is still insufficiently understood, but
altered gastrointestinal motility and visceral hyperalgesia
have been advocated as mechanisms underlying IBS[10-12].
Mucosal inflammation and disturbances in the brain-gut
axis are other tentative explanations for the causal patho,���
14]
physiology[13����
. These patients are vulnerable to stress and
there is also a connection to traumatic life events. Psychological mechanisms may evoke the syndrome[15]. IBS
patients are also shown to have a lower sense of coherence
compared to controls, weakening their ability to cope with
,���
17]
the disorder[16����
.
Overall, the therapeutic aim is both a reduction in
the severity and frequency of symptoms and a general
improvement in quality of life. Therapy has until recently
focused on symptomatic relief of pain, diarrhoea and
constipation in particular[18]. However, many IBS patients
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have not any long lasting relief of symptoms after drug
treatment. Therefore, alternative therapies, such as
psychotherapy and hypnosis, have been applied[19-22].
IBS has been classified as a functional/psychosomatic disorder associated with altered body image and
,���
24]
tension[23����
. A common defence mechanism may lead to
blockage and further development of different organ manifestations. A physiotherapeutic approach to adjustment
of pathological tension in the body is the body awareness
therapy (BAT). This psychosomatic physiotherapeutic
treatment is a synthesis of clinical experiences mostly
based on the works of W. Reich and eastern body tradition. It's objective is to take care of, and to improve the
patient’s ability to become aware of his or her own bodily
status and to recapture a normal balance in the body[25-29].
The degree of body tension before and after treatment can
be assessed by resource examination methods such as re,���
31]
source oriented body examination[30����
in combination with
[32-34]
body awareness scale evaluation
.
It was reported that 12 wk of treatment with BAT
gives symptomatic relief of both gastrointestinal and
psychological symptoms, mostly to the constipated
patients [35]. However, this was not seen in IBS control
patients, having ordinary medical intervention, but not
receiving BAT.
The aim of the present study was to compare IBS
patients with apparently healthy persons and to determine
the effect of body awareness therapy for 24 wk in patients
with IBS, concerning gastrointestinal and psychological
symptoms, body function and tension, as well as cortisol
levels in saliva, with the hypothesis that IBS is associated
with an altered body tension.

MATERIALS AND METHODS
Study population
Patients with IBS diagnosed by their clinicians were
referred to participate in the study. Thus, the patients
were randomly selected, with a slight bias towards subjects
not responding to basic therapy. Patients with an acute
psychiatric disease or patients not understanding the
Swedish language were excluded from the study. The
study population was obtained from three different
groups undergoing body awareness therapy. No subject
participated in more than one course. A total of 30 patients
were invited to participate in the study. Nine subjects
were excluded since they did not complete the treatment.
Reasons for their drop out were traumatic events in their
family (4 persons), stressful working situations (2 persons)
or difficulties with the daily life activities (3 persons).
The IBS patients consisted of 18 women and 3 men,
21-67 years of age with a BMI of 23.1 ± 3.8. Sixteen
patients had suffered from their gastrointestinal symptoms
for more than 5 years and the other five patients for less
than 5 years.
A healthy control group (AHC) consisted of 18 women
and 3 men, 21-61 years of age. They had a BMI of 22.3 ±
2.2 and were free of gastrointestinal symptoms and with
no ongoing medication.
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Study design
IBS patients received body awareness therapy for
24 wk. At baseline and after 12 and 24 wk of body
awareness therapy, the patients underwent complete
physiotherapeutic examinations in accordance to resource
oriented body examination (ROBE) and body awareness
scale (BAS). They also filled in the questionnaires of
gastrointestinal symptoms (GIS), SCL90, SOC and pain
drawing. Saliva samples were collected at 0, 12 and 24 wk.
The patients also completed the GIS, SCL90 and paindrawing during the 6-mo follow-up. The AHC group
answered the same questionnaires once, underwent
complete physiotherapeutic examinations, as well as
sampling of saliva. The study was approved by the Ethics
Committee of the University of Göteborg. All subjects
gave their written consent before acceptance of inclusion
in the study.
Physiotherapeutic procedures
The IBS patients in g roups of 7-10 received body
awareness therapy, two hours a week for 24 wk. Two
physiotherapists were present during the sessions.
Questions raised during sessions were taken care of.
Body awareness therapy represents a body-oriented
physiotherapeutic approach focusing on both the physical
and psychological aspects of body dysfunctions [25-29].
Assisted by a physiotherapist, the patients were working
with the basic functions of movements related to
posture, co-ordination, free breathing and awareness. The
physiotherapist encouraged the patients to move in more
optimal ways by using both body gestures and words
for guiding. Turning the attention both to the patient’s
own performance and to what is experienced during the
exercises is central elements of the therapy and stimulates
mental presence and awareness.
Examinations
The resource oriented body examination (ROBE)
includes examination of different items related to posture,
respiration, body function and muscle palpation in a
standardised manner[30]. All items were assessed on three to
five category scales. Body awareness scale (BAS-H)[33] test
was performed during video recording. The test was based
on observations made by a physiotherapist of defined
items on basic movements (Basobs) as well as standardized
questions in order to measure the patients’ own opinion
concerning their body awareness (Basself). The scale
ranged 0-6, where zero represents a normal value and 6
the most pathological one.
Questionnaires
A modified gastrointestinal symptom questionnaire (GIS)
was used[36]. This survey elevates 35 general gastrointestinal
symptoms. A total score and subscales of specified
symptoms were used. The test uses a seven-graded scale
(0-6). A higher score means increased gastrointestinal
complaints.
The distribution and quality of pain were visualised on
a pain-map figuring the human body with a front and back
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side. When results were calculated, the body was divided
into sections[37]. Points were given for every section where
pain was marked irrespective of quality. The points were
summed up to a score.
The symptom checking list questionnaire (SCL90) is a
self report rating scale using questions related to everyday
life with an emphasis on psychological symptoms[38]. The
questionnaire includes 90 questions with answers scoring
on a five-graded scale (0-4). The higher the score is, the
more the symptoms are. A total score and subscales of
specific symptoms were used.
The sense of coherence scale (SOC) is an overall
assessment of the subject’s ability to cope with stressors
and often used by physiotherapists working with
patients[39]. This is a 29-item instrument where the answers
score in a seven-graded scale (0-6) and allow subdivision
in order to measure perceived comprehensibility, manageability, meaningfulness and quality of life. A high score
means a stronger SOC.
Biochemical analysis
For saliva samples, cotton swabs (Salivette® tubes, Sarstedt,
Landskrona, Sweden added with Stabilyte® solution, Bio-pool
AB, Sweden) were chewed during daytime at 8.00 (in two
consecutive days), 11.45, 17 and 20 h. After chewing the
swabs, they were put back in the test tubes and stored in a
freezer for later analysis of saliva cortisol (Spectria kit™,
Orion Diagnostica, Sweden). Saliva were centrifuged at
3000 ×
�� g for 15 min and stored at -70℃ before analysis.
Statistical analysis
This study consisted of nominal data (ROBE) and ordinal
data (ROBE; BAS and questionnaires) and quantitative
data (biochemical parameters). Median, interquartile
range (IQR), mean ± SD and percentage were used for
presentation of data. Although median and IQR were
optimal for ordinal data, means were presented as well for
better visualisation. Chi-square test was used for nominal
data. Mann Whitney U/Wilcoxon signed rank test or
Kruskal Wallis test was used for ordinal, quantitative and
categorised data[40]. Boxplots used in the figures show the
10th and the 90th percentile outside the box and the 25th,
50th (median) and 75th percentile of the variable in the box.

RESULTS
In the three groups undergoing body awareness therapy,
the overall attendance was 72% (range 58%-96%).
The presence in each group was 67%, 77% and 71%,
respectively. The reasons for the absence were illness,
birthdays, other meetings, etc.
Resource oriented body examination (ROBE)
ROBE showed deviations from normality regarding
posture, body function and muscle palpation (tendency)
among IBS patients compared to healthy controls before
the therapy (Table 1). Concerning respiration, 80% of the
patients were marred by wrinkles and 25% with furrows,
indicating that the IBS patients had a restricted respiration
pattern compared to the control group for which the
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Table 1 Resource oriented body examination (ROBE)
Type

ITEM

Category

			

0 wk
%

IBS patients
12 wk
24 wk
%
%

AHC
%

(a)
Posture
Joint
		
		

Flexed
35
Neutral
31
Extended 34

30
40b
30

28
48b
24

22
56b
22

Muscle
Grade
Palpation		
		
		

High
42
Increased 35
Neutral
19
Decreased 4

37
26
30b
7

25
41
29b
5

25
27
45
3

(b)
Body
Function		

M Md (IQR) M Md (IQR) M Md (IQR) M Md (IQR)

2.2 2.5 (1) 2.5 3 (1)b 2.6 3 (1)b 2.7 3 (0.5)b

Resource oriented body examination for posture, body function and muscle
palpation presented in (a) as %, in (b) as M Md(IQR) for IBS patients at 0, 12
and 24 wk of treatment and for AHC group. For body-function, the lower
the score is, the more the symptoms are. M denotes mean, Md: median; IQR:
inter quartile range; AHC: apparently healthy controls. bP < 0.001 vs IBS
patients at 0 wk.

corresponding figures were 41% and 4% respectively.
Eighteen of the 21 IBS patients showed a decreased
thoracic kyphosis, two patients showed neutral and one
increased kyphosis. The corresponding figures for the
AHC group were as follows: 14 subjects presented with
neutral and seven with decreased thoracic kyphosis. During
treatment, the patients improved their body-function and
showed tendencies to normalise muscle palpation grade as
well as posture (Table 1).
Body awareness scale (BAS)
The IBS patients as observed by the physiotherapist
(BASobs) at baseline, totally and in the different subclasses
scored more of dysfunction in body movements in
comparison to the healthy control group. However, after
12 wk of treatment, especially after 24 wk of treatment,
the body pattern of the IBS patients improved significantly
(Table 2).
On self-estimation (BASself) before treatment, the IBS
patients scored higher in terms of body disturbances than
the healthy control group. After 12 wk of treatment, they
improved the score overall. This was evident especially for
the ability of the subclasses to set up boundaries and way
of feeling respiration. After 24 wk of treatment, all the
subclasses were significantly improved (Table 2).
Gastrointestinal symptoms (GIS)
The IBS patients demonstrated higher gastrointestinal
symptom scores before treatment compared to the AHC
group (Table 3). After body awareness therapy, lower
scores for IBS patients were seen. The symptoms of
flatulence and constipation both diminished after 12 wk of
body awareness therapy. After 24 wk of body awareness
therapy, also a relief in pain and diarrhoea could be seen.
This improvement in GI scores persisted during the 6-mo
follow-up (Table 3).
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Table 2 Body awareness scale (BAS-H)
Group		
Category		

0 wk
12 wk
M Md (IQR) M Md (IQR)

BASobs
AHC totally
Grounding
Mid-line		
Centring		
Flow		
Respiration
Boundaries

1.5
1.5
2.1
2.1
1.5
1.4
0.5

24 wk
M Md (IQR)

30
25

Baseline

IBS totally
Grounding
Mid-line		
Centring		
Flow		
Respiration
Boundaries

2.3
2.3
2.9
2.9
2.4
3.6
0.9

2 (4)
2 (2)
3 (2)
3 (2)
2 (4)
4 (1)
0 (2)

BASself
AHC totally
Grounding
Mid-line		
Centring		
Flow		
Respiration
Boundaries

1.6
0.8
1.6
1.3
2.1
1.0
1.7

2 (2)d
0 (2)b
2 (2)d
0 (2)
2 (4)d
0 (2)d
2 (3)b

IBS totally
Grounding
Mid-line		
Centring		
Flow		
Respiration
Boundaries

2.4
1.7
2.8
1.5
3.4
2.7
2.3

2 (4)
2 (3)
3 (4)
2 (2)
4 (4)
2 (4)
2 (4)

AHC
IBS

b

20
2 (2)d
2 (2)d
2 (2)b
2 (1)d
1 (2)d
2 (2)d
0 (0)
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b

15

a

b
a

10
  5
1.8
2.2
2.4
2.4
2.0
2.7
0.7

d

2 (3)
2 (2)
2 (3)b
2 (1)d
2 (3)a
3 (2)d
0 (0)a

1.7
2.0
2.1
2.0
1.8
2.4
0.6

d

2 (3)
2 (1)a
2 (2)d
2 (2)d
2 (3)d
2 (1)d
0 (0)b

  0

8.00

11.45

13.00

13.15

13.30

17.00

20.00

t /h (saliva cortisol nmol/L)

B 0.04

24 wk of BAT

0.02

AHC

Middle

High

Low

0.00
a

-0.02

a

a

-0.04
-0.06
2.1
1.5
2.4
1.1
3.4
2.0
2.0

2 (4)d
2 (2)
2 (4)
0 (4)
4 (4)
2 (4)a
2 (3)b

1.7
0.9
2.0
0.7
2.8
1.6
1.7

2 (3)d
0 (2)d
2 (4)b
0 (2)b
3 (3)a
2 (2)b
2 (2)d

Results from the test BASobs and BASself for 21 apparently healthy controls
and 21 IBS patients at 0, 12 and 24 wk. The result is shown totally and as
items categorized. The higher the score is, the more the symptoms are. M
denotes mean, Md: median; IQR: inter quartile range; AHC: apparently
healthy controls. aP < 0.05, bP < 0.01, dP < 0.001 vs IBS patients at 0 wk.

Pain
At baseline, pain-drawing gave higher scores for IBS
patients than for healthy controls. The pain gradually
decreased and was significantly less after 24 wk of body
awareness therapy. This reduction in pain remained during
the 6-mo follow-up (Table 4). Pain of different qualities
was located in the abdomen but also in other parts of the
body such as arm, shoulder, head, back, breast, leg and
foot (Table 4).
Symptom checking list questionnaire (SCL90)
Psychological symptoms at baseline measured with
SCL90 were significantly more common in the IBS group
than in the healthy control group (Table 5). After 12 wk
of treatment, the IBS patients had relief in obsessivecompulsive symptoms concerning the sensitivity, hostility,
paranoid ideation, psychotisism and somatisation. After 24
wk of body awareness therapy, further improvements were
seen and during the 6-mo follow-up, the improvements
remained. The subclasses of “depression” and “somatisation” correlated positively (Chi-square test, P < 0.01).
Sense of coherence (SOC)
The IBS patients showed a lower sense of coherence than

-0.08
-0.10
-0.12

AHC		

IBS 0 w
IBS 12 w
Log slope saliva cortisol

IBS 24 w

Figure 1 Saliva cortisol (nmol/L) at different time points during the day for apparently healthy controls (AHC) and IBS patients at baseline (A). Log of slope of the
day for saliva cortisol, AHC and IBS patients (divided at tertiles) at baseline and
during treatment (24 wk of body awareness therapy) (B). aP < 0.05, bP < 0.01.

the AH controls before treatment (Table 6). There were
also differences in the subclasses of comprehensibility,
manageability and meaningfulness. After 12 and 24 wk of
body awareness therapy, the sense of coherence improved
significantly in total and for each subclass.
Salivary analysis
At baseline, the IBS patients showed lower cortisol levels
in saliva than the AH controls during the day at all time
points except for 11.45 h (borderline significance) and
17.00 h. There were wide confidence intervals among
the IBS patients from high to low values (Figure 1A). In
the IBS patients, the slopes gave no differences during
the treatment period. However, when divided in tertiles
at baseline, one could notice that those showing tertiles
with either a low or a high slope approached the slope of
middle and the slope of controls over time (Fig���������
ure������
1B).
The expression of somatic symptoms was associated with
biochemical symptoms. A relationship was found between
the most normal score of muscle palpation and a more
optimal slope of saliva cortisol (Fig��������
ure�����
2).

DISCUSSION
In this study of IBS patients, we found at baseline,
www.wjgnet.com
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Table 3 Gastrointestinal symptom score for 21 apparently healthy controls and for 21 IBS patients at
0, 12 and 24 wk of treatment and 6 mo after end of treatment
Category		
		

Before treatment
M Md (IQR)

After 12 wk
M Md (IQR)

AHC group
Totally		
Pain		
Flatulence		
Nausea		
Constipation
Diarrhoea		
Motility		
Other		

0.4
0.4
0.4
0.2
0.6
0.3
0.5
0.3

0 (1)d			
0 (1)d			
0 (1)d			
0 (1)			
0 (1)b			
0 (1)d			
0 (1)d			
1 (0)d			

IBS patients
Totally		
Pain		
Flatulence		
Nausea		
Constipation
Diarrhoea		
Motility		
Others		

1.8
1.9
2.5
1.4
1.9
1.9
2.6
1.2

1 (3)
2 (2)
2 (3)
1 (2)
2 (3)
1 (3)
2 (3)
1 (1)

1.6
1.9
2.2
1.0
1.5
1.6
2.2
1.2

1 (3)d
2 (3)
2 (2)b
0 (2)a
1 (2)a
2 (1)
2 (2)a
1 (1)

After 24 wk
M Md (IQR)

1.3
1.5
1.8
0.9
1.1
1.2
1.9
1.1

6 mo after end of treatment
M Md (IQR)

1 (2)d
2 (2)d
2 (2)d
0 (2)a
1 (2)b
1 (2)d
2 (1)a
1 (1)a

1.4
1.4
2.0
0.8
1.4
1.2
2.1
1.1

1 (2)d
1 (2)d
2 (2)b
0 (1)a
1 (2)a
1 (2)b
2 (2)
0 (1)a

The result is shown totally and categorized. The higher score the more symptoms. M denotes mean, MD: median; IQR:
inter quartile range; AHC: apparently healthy controls. aP < 0.05, bP < 0.01, dP < 0.001 vs IBS patients at 0 wk.

Pain

Baseline
12 wk
24 wk
6 mo after
M Md (IQR) M Md (IQR) M Md (IQR) M Md (IQR)
d
AHC group
4.2 3 (4)
b
b
IBS patients   14.4 13 (14) 13.3 11(13) 9.7 7 (8) 10.0 9(19)
Bodypart
Neck
Arm
Shoulder
Head
Back
Stomach
Breast
Leg
Foot

Pain quality
Burning, shooting
Ache slightly, numbing, shooting
Twinging, ache slightly, cramping
Ache slightly, twinging
Ache slightly, twinging, cramping
Numbing, cramping, twinging, rasping
Twinging, cramping, pressure
Burning, ache slightly, numbing, shooting, cramping
Numbing, pain

The higher the score is, the more the symptoms are. M denotes mean, Md =
median, IQR = inter quartile range, AHC: apparently healthy controls. bP <
0.01, dP < 0.01 vs IBS patients at 0 wk.

significant differences in all the parameters studied
between the test group (IBS patients) and the control
group (apparently healthy volunteers).
Treatment with body awareness therapy for 24 wk gave
relief of not only gastrointestinal symptoms, but also of
psychological symptoms, as well as improved body awareness and tension in IBS patients. A decreased pain was
also seen in other parts of the body in addition to the
decreased abdominal pain. The patients had relief of both
somatic and depressive symptoms in parallel. The study
groups were re-examined during the 6-mo follow-up showing relief of gastrointestinal and psychological symptoms.

www.wjgnet.com

0.02
0.00
Log slope saliva cortisol

Table 4 Score of pain presented as M, Md (IQR) experienced
as drawings for apparently healthy controls and IBS patients at 0,
12, 24 wk of treatment and 6 mo after end of treatment and
different qualities of pain from the pain drawing. The qualities
are as marked in descending order

a

-0.02
-0.04
-0.06
-0.08
-0.10
-0.12

High

Increased

Neutral

Decreased

Figure 2 Log slope of saliva cortisol for IBS patients divided in the grade of
muscle palpation as high, increased, neutral or decreased. aP < 0.05.

Their sense of coherence or coping ability also improved
after treatment. The saliva slope of cortisol during the day
was normalised, supporting the view that body awareness
therapy may reduce biochemical stress markers.
Our hypothesis that IBS is associated with altered body
tension and body awareness is supported by the differences found between IBS patients and controls at baseline,
as well as by the improvement seen after treatment. However, most of the patients in our test group suffered from
severe or long lasting IBS. Whether this hypothesis holds
true for IBS in general is likely but has to be proven. It has
been shown that psychological treatment is essential for
some IBS patients[20]. A limitation of our study is the small
number of patients. However, our present findings are
confirmed by a previous study[35].
In the present study, we did not include IBS control
patients, since this was done in a previous study[35]. We did
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Table 5 SCL90 score from 21 apparently healthy controls and 21 IBS patients at 0, 12 and 24 wk
of treatment and 6 mo after end of treatment
Category		
		

Before treatment
M
Md (IQR)

After 12 wk
M Md (IQR)

AHC
Totally		
Obsessive-compulsive
Sensitivity		
Depression		
Anxiety		
Hostility		
Phobic anxiety
Paranoid ideation
Psychotisism
Somatisation
Others		

0.3
0.4
0.3
0.4
0.4
0.2
0.01
0.2
0.1
0.2
0.4

0 (0)d		
0 (1)d		
0 (0)d
0 (1)d
0 (0)d
0 (0)d
0 (0)d
0 (0)d
0 (0)d
0 (0)d
0 (1)d

IBS patients
Totally		
Obsessive-compulsive
Sensitivity		
Depression		
Anxiety		
Hostility		
Phobic anxiety
Paranoid ideation
Psychotisism
Somatisation
Other		

1.0
1.3
0.9
1.3
0.9
0.5
0.2
0.8
0.4
1.7
1.2

0 (2)
1 (2)
1 (1)
1 (2)
1 (2)
0 (1)
0 (0)
0 (1)
0 (1)
2 (3)
1 (2)

0.9
1.1
0.6
1.2
1.0
0.3
0.2
0.5
0.3
1.5
1.2

0 (1)d
1 (2)b
0 (1)d
1 (2)
0 (2)
0 (0)b
0 (0)
0 (1)d
0 (0)a
1 (3)a
1 (2)

After 24 wk
M
Md (IQR)

0 (1)d
0 (1)d
0 (1)d
0 (1)d
0 (1)a
0 (0)d
0 (0)a
0 (1)d
0 (0)d
1 (2)d
0 (1)d

0.6
0.8
0.4
0.8
0.8
0.3
0.2
0.4
0.2
1.2
0.9

6 mo after end of treatment
M
Md (IQR)

0 (1)d
0 (1)d
0 (1)d
1 (2)d
0 (1)b
0 (0)b
0 (0)
0 (1)d
0 (0)b
1 (2)d
0 (2)b

0.7
0.9
0.5
0.9
0.8
0.3
0.2
0.3
0.2
1.3
0.9

The result is shown totally and as items categorised. The higher score the more symptoms. M denotes mean, MD: median;
IQR: inter quartile range; AHC: apparently healthy controls. aP < 0.05, bP < 0.01, dP < 0.001 vs IBS patients at 0 wk.

Table 6 Sense of coherence (SOC) score from 21 AH controls and 21 IBS patients at 0, 12 and 24
wk of treatment
Category		
		

M

AHC		
Md (IQR)

M

0 wk		
Md (IQR)

M

SOC totally
Comprehensibility
Manageability
Meaningfulness

4.2
3.7
4.4
4.6

4 (2)d
4 (2)d
5 (3)d
5 (1)d

3.5
3.0
3.7
3.9

4 (3)
3 (2)
4 (3)
4 (2)

3.8
3.2
4.0
4.2

12 wk		
Md (IQR)
4 (2)d
3 (3)a
4 (3)d
4 (2)b

M

24 wk
Md (IQR)

3.9
3.3
4.2
4.1

4 (2)d
3(3)b
5(2)d
4(2)b

The result is shown totally and as items categorised. The higher the score is, the better the SOC is. M denotes mean, Md:
median; IQR: inter quartile range; AHC: apparently healthy controls. aP < 0.05, bP < 0.01, dP < 0.001 vs IBS patients at 0 wk.

not randomise patients, but included consecutive patients
for therapy in the study. There are in the literature reflections on methodological aspects of randomised controlled
trials regarding psychotherapy[41] and some researchers argue that these studies are of less value. Therefore, following the same patients systematically, before, under and after
therapy seems to be the best method of choice at present.
However, the placebo effect cannot be totally excluded in
this pilot study testing the acceptance of a new treatment.
A tentative disadvantage of the therapy itself could be
the duration of the treatment, two hours a week for 24 wk.
In the beginning of the group sessions, body awareness
therapy involved a certain time learning the procedure.
Body awareness training is needed for the patients to be
aware of their own body tension, in order to be able to
learn how to apply the body awareness therapy. Especially
for the patients with diarrhoea predominant IBS, longer

treatment time seems to be needed.
The habits of wrong movements and tension patterns,
whether due to chronic stress or other mechanisms, become entrenched in the body and the patients are incapable of changing them. The habits are integrated as a part
of their self-perception and can be kept hidden together
with suppressed feelings and tensions. To deal with habitual muscular pattern, the individuals must be re-educated
in new patterns feeling at least equally familiar as the old
ones[29].This teaching/training aspect of body awareness
therapy may indicate that this therapy is a way of learning
how to handle tension in the body, rather than a shortlived remedy. The remaining relief of symptoms during
the 6-mo follow-up supports this view.
Levels of anxiety and depression are significantly higher in patients with IBS than in apparently healthy persons
,��
9]
without IBS[8���
. Another factor that may contribute to the
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reduction in health-related quality of life in patients with
IBS is an ability to cope with stressful circumstances in
life, measured as a reduced sense of coherence (SOC). Antonovsky[39] proposed that a strong SOC allows persons to
successfully cope with life stressors. Living with alternating
constipation and diarrhoea is a problem of daily living that
could be considered highly stressful. Thus a strong SOC
might lessen the impact of different stressors on wellbeing, or stressors themselves might weaken SOC. Motzer
et al[17] have searched for interventions targeted at enhancing SOC and quality of life and thus ease the psychological distress associated with IBS. Sperber et al[16] questioned
whether SOC represents a predictor of treatment success/
a stable characteristic or is an outcome variable (changeable). We believe that SOC can act both as a predictor and
as an outcome variable. A low SOC at baseline may reflect
the severity of IBS, and could prolong the response to
treatment. However, in the end of the study, the patients
altered their sense of coherence towards normality as a result of the therapy.
Saliva cortisol in a healthy person has a straight downward slope during daytime. A flatter (lower) slope is regarded to reflect a more negative stress response and the
slope has been reported to be a prognostic indicator of
accumulated physiological and psychosocial stress[42]. Saliva
cortisol in the IBS patients changed during treatment, but
not significantly in the whole group. However, if divided
into tertiles, the slope of saliva cortisol concentration
showed a trend towards a normal range from those in the
upper and lower tertile. A lowered slope associated with
too high or too low muscle palpation grade was seen in our
study. The steeper slope of saliva cortisol belonged mostly
to the group with somewhat increased muscle palpation
grade. The latter may represent the first phase of the body
to compensate for stress while a lowered slope represents
chronic stress and/or exhaustion[43].
Body awareness therapy has been used both in psychosomatic gynaecology[27], pain/musculoskeletal disorders[44],
IBS patients[35] and psychiatric outpatient care[45]. Treatment effects are improvements of body functions, psychiatric symptoms and self efficacy. Also reduced symptoms
and negative self-image, increased self love and body image[27] as well as improved health-related quality of life[44]
have been reported. A comparative study has shown that
body awareness therapy is more effective than conventional physiotherapeutic treatment[46].
Non-pharmacological treatment as well as psychotherapy, cognitive behavioural therapy, and hypnotherapy
are reported to be effective for symptom relief and
essential for some IBS patients[19-22]. Studies have shown
that psychotherapy is superior to conventional medical
therapy and the psychosocial consequences of the illness
become more significant with increasing severity of the
disease and, therefore, psychosomatic care is valuable[47].
Some of the hypnotherapies described have points of
similarity to body awareness therapy. The Manchester
model [48,49] and the North Carolina protocol [50] are
combinations of hypnotherapy and psychotherapy
techniques that emphasize symptom control together

www.wjgnet.com

June 21, 2007

Volume 13

Number 23

with ego-strengthening, adoption of improved coping
resources, relaxation and mental calming and a change
of cognitive perspectives. The differences between these
hypnosis models and body awareness therapy are small.
The IBS patients on body awareness therapy increased
their self efficacy and quality of life in the same way as
patients on hypnotherapy.
In conclusion, IBS patients had higher score of body
tension, gastrointestinal and psychological symptoms
and biochemical stress markers than healthy control
patients. Body awareness therapy reduced these parameters
in patients suffering from IBS, an improvement also
presented during the 6-mo follow-up. These results
support our hypothesis that body tension plays an
important part in the clinical expression of IBS, suggesting
that body awareness therapy is an alternative or additional
therapy for patients with IBS.
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COMMENTS
Background

Irritable bowel syndrome is the most common of all gastrointestinal disorders,
affecting around 15% of the population at least in the Western societies. Due to
the complex nature of the disease no long standing, generally accepted therapies
are available and the patients consult a broad variety of different health providers.

Research frontiers

The research frontiers are along different lines. One line is focusing on finding
particular intestinal mechanisms possibly affected by pharmacologic means.
However, in recent years, research has focused on the psychosomatic aspect of
the disease. Thus, psychosomatic remedies like hypnotherapy and psychotherapy
have been applied.

Innovations and breakthroughs

Psychotherapy and hypnotherapy have both shown to be more efficient than
pharmacologic treatment. Body awareness therapy is a physiotherapeutic
approach, which has been used in other psychosomatic disorders and in this study
it was applied in patients with IBS.

Applications

Body awareness therapy (BAT) has been shown in this study to be beneficial for
patients suffering from IBS. BAT may also be applied in a large number of other
stress-related syndromes in the future.

Terminology

Body awareness therapy is made up of different practices including becoming
aware of tensions in different muscles in the body during sitting, standing, lying
and walking. Body awareness scale and resource oriented body examination are
methods to measure the body qualities such as centring, midline, flow, respiration,
boundaries, function and tension.

Peer review

Comments from peer reviewers have pointed out that the number of patients
was small without a control group. Thus, the placebo effect cannot be ignored.
However, this was a pilot study necessitating further research.
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Abstract
AIM: To see the possibility of avoiding routine colostomy
in patients presenting with unprepared bowel.
METHODS: The cohort is composed of 103 patients,
of these, 86 patients presented as emergencies (selfinflected and iatrogenic colon injuries, stab wounds and
blast injury of the colon, volvulus sigmoid, obstructing
left colon cancer, and strangulated ventral hernia).
Another 17 patients were managed electively for other
colon pathologies. During laparotomy, the involved
segment was resected and the two ends of the colon
were brought out via a separate colostomy wound.
One layer of interrupted 3/0 silk was used for colon
anastomosis. The exteriorized segment was immediately
th
th
covered with a colostomy bag. Between the 5 and 7
postoperative day, the colon was easily dropped into the
peritoneal cavity. The defect in the abdominal wall was
closed with interrupted nonabsorbable suture. The skin
was left open for secondary closure.
RESULTS: The mean hospital stay (± SD) was 11.5 ±
2.6 d (8-20 d). The exteriorized colon was successfully
dropped back into the peritoneal cavity in all patients
except two. One developed a leak from oesophagojejunostomy and from the exteriorized colon. She
subsequently died of sepsis and multiple organ failure
(MOF). In a second patient the colon proximal to the
exteriorized anastomosis prolapsed and developed
severe serositis, an elective ileo-colic anastomosis (to the
left colon) was successfully performed.
CONCLUSION: Exteriorized colon anastomosis is
simple, avoids the inconvenience of colostomy and can

INTRODUCTION
Colostomy was introduced in surgical practice more
than 200 years ago as a simple and safe procedure [1].
Since then, the time honored dictums “exteriorize colon
injuries” and a “well prepared bowel is a pre-requisite
for any colon repair”, formed the basis for sound colon
surgery. In 1945, the practice of routine colostomy was
challenged by a military surgeon, James Mason, who
introduced the technique of primary suture of unprepared
colon and exteriorizing the segment of bowel outside the
peritoneal cavity[2]. Initially, this technique did not gain
much momentum in civilian practice mainly because of
difficulties encountered in introducing procedures which
would challenge established orthodox surgical practice.
Nevertheless few reports appeared in the literature since
the 1970s using Mason’s technique in the emergency
management of colon injuries. A literature review of
339 patients treated for colonic injuries by primary repair
and exteriorization showed that colostomy was avoided
in 63.3% of these patients[3]. These patients were saved
the staged procedure for colostomy closure and repeated
hospital admission.
In many cultures colostomy is not socially acceptable
and is strongly resented by patients. In the third world
and most developing countries, colostomy appliances are
unaffordable or not heard of, special toilet facilities are
non-existent and expert personnel in colostomy care are
not available. In such circumstances, procedures which
would spare patients the inconvenience of colostomy
would be most valuable. Nearly all previous studies
implementing primary repair and exteriorization of the
www.wjgnet.com
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colon were for colon injuries. In this report we present
data on the successful outcome of using this procedure in
the management of other colonic pathologies.
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Table 1 Diagnosis and demographic data of all the patients

1
23

MATERIALS AND METHODS
This report is on prospectively collected data and follow
up of a cohort of patients treated by a team of senior
surgeons who preferentially used this technique (whenever
feasible) over routine colostomy. Primary colonic anastomosis is not practiced by the authors of this report; they
reverted to this technique instead.
In this cohort, there were 103 patients (20 females
and 83 males). The primary diagnosis and demographics
are shown in Table 1. The self-inflicted colon injuries
were due to the introduction of long stiff objects in the
rectum by male patients for sexual satisfaction. All these
injuries were above the peritoneal reflection causing faecal
peritonitis. Most patients in this cohort were admitted
to hospital because of an emergency colonic pathology.
Others, extension of stomach cancer, iatrogenic colon
injuries and endometriosis were peroperative findings
which necessitated colon surgery.
In the trauma group, 15 patients had associated injuries
in addition to the colon (Table 2). Two patients had minor
tears of the liver which were not actively bleeding and were
not disturbed. The colon Organ Injury Scale as described
by Moore et al[4] was used to grade the colon injuries (Table 3).
Gastric cancer patients whom at laparotomy were
found to have extension to the transverse colon were
managed by total gastrectomy and oesophago-jejunostomy.
The affected colon was resected, anastomosed and
exteriorized.
Emergency admissions were resuscitated with I.V.
fluids, blood transfusions and urgent management of any
concomitant injuries (e.g. pneumothorax), the patients were
taken to the operating room for emergency laparotomy.
Broad spectrum i.v. antibiotics (metronidazole and third
generation cephalosporin) were given with induction of
anaesthesia and continued for 48 h postoperatively. Via
a midline laparotomy incision, the peritoneal cavity was
inspected, the extent of damage was assessed and any
associated injuries noted. Active bleeding points were
immediately controlled and faecal soiling from the colon
were temporarily controlled with intestinal clamps. The
peritoneal cavity was washed with 3 liters of antibiotic
solution. Associated small bowel injuries were repaired or
resected and anastomosed. Thereafter, the colon proximal
and distal to the site of pathology was fully mobilized to
ensure a very redundant loose colon. Whenever possible,
the colon segment bearing the pathology was brought
out via a colostomy wound (usually on the left side) so
that the subsequent colon resection and anastomosis can
be carried out extraperitoneally. If this was not possible
e.g. dilated or severely injured colon or in cases of colon
cancer, the segment of colon was resected and both ends
kept closed by clamps or staples of the mechanical G.I.
stapler. Obstructing left colon carcinoma were radically
excised with proximal and distal clear margins, ligation
of mesenteric vessels and in-continuity excision of the
mesentery and its lymphatics.
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3
41
51
6
7
8
92
10

Diagnosis

n

Male Female

Age (yr)
mean ± SD

Self-inflicted colon injury
Trauma (stab wounds and blast
trauma)
Volvulus sigmoid colon
Stomach cancer extending to
transverse colon
Obstructing left colon cancer
Amoebic colon abscess
Endometriosis of left colon
Ischaemic colitis (post-AAA
repair)
Iatrogenic
Strangulated ventral hernia
Total

22
16

22
15

0
1

23.6 ± 9.4
31 ± 8.6

20
9

16
7

4
2

56.7 ± 7.0
53 ± 9.6

14
4
4
4

11
3
0
4

3
1
4
0

54.7 ± 11
40.7 ± 9.6
31.2 ± 3.5
57.2 ± 3.3

6
4
103

5
0
83

1
4
20

31.6 ± 7.7
54 ± 2.0
42.4 ± 16.3

1

Comorbid conditions in 40% of patients in each group e.g. diabetes mellitus,
schaemic heart disease, hypertension and chronic obstructive airway disease.
2
2 involved hepatic flexure, 3 splenic flexure. 33 patients involved in blast
trauma.

Table 2 Associated injuries in patients presenting with stab wounds
n
Small bowel injury
Stomach injury
Mesenteric tear
Pneumothorax
Liver tear (minor)
Total

5
2
4
2
2
15

1

Table 3 Colon Organ Injury Scale (Moore et al , 1990)
Grade
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Ⅴ

Haematoma
Laceration
Laceration
Laceration
Laceration
Laceration
Vascular

Injury
Contusion or haematoma without devascularization
Partial thickness, no perforation
< 50% of the circumference
≥ 50% of the circumference without transection
Transection of the colon
Transection of the colon with segmental tissue loss
Devascularised segment

1

Advance one grade for multiple injuries of the same organ.

Following colonic mobilization, the resected colon ends
(or the colon segment bearing the pathology) were brought
out via a colostomy wound which was usually made in the
left iliac fossa. The operator should make sure that both
ends of the colon are fully mobilised, viable and can easily
come out via the colostomy wound with no undue tension.
This is the most important step in the procedure. A second
peritoneal wash with 3 liters of antibiotic solution was
carried out and the peritoneal cavity and bowel checked
for any bleeding or missed injury. The laparotomy wound
was then closed en masse with no peritoneal drains and the
wound covered with sterile dressing.
The exteriorized colon ends were anastomosed
(one layer of interrupted 3/0 silk). To keep the colon
exteriorized, a sturdy drain tube or a piece of chest tube
was passed via the mesenteric border, then each end passed
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Table 4 Colon injury grades: In 38 patients involved in stab
wounds, blast trauma and self-inflicted injuries
n

Grade
Ⅱ
Ⅲ
Ⅴ

C

4 (10.5%)
31 (81.6%)
3 (7.9%)

D
Table 5 Morbidity and mortality
n

Figure 1 A: The colon immediately after primary anastomosis and exteriorization.
This was a blast trauma victim (see ecchymosis of abdominal wall). Note the
placement of the drain tube holding the colon, there is enough skin all around
to allow for the colostomy bag fixation; B: Schematic representation of the
exteriorization technique. Note the exit sites of the sturdy drain tube holding
the colon in position. There is enough skin around the colon to allow immediate
application of the colostomy bag in theatre; C: The immediate covering of the
colon with a colostomy bag in the operating room (same patient as in A); D: The
exteriorized colon at d 5, immediately before “drop-back” into the peritoneal cavity.
Early serositis and oedema is apparent as compared to the same loop immediately
after surgery (A). Delaying “drop-back” beyond this time would worsen the serositis
and lead to break down of the suture line or leak after interiorization.

subcutaneously and brought out via small incisions 3-4
cm away from the colostomy incision (Figure 1A and B).
This technique leaves enough skin around the colostomy
incision for immediate and snug application of the
colostomy appliance and bag in the operating room (Figure
1C). This method keeps the exteriorized colon moist and
reduces the chances of serositis and contamination (Figure
1C)[5].
Postoperatively, the colostomy bag was kept on the
exteriorized colon until it is interiorized (dropped back)
into the peritoneal cavity. The colon is inspected twice daily
for any visible or invisible leaks (faecal odor), for viability
and oedema. Between the 5th-7th postoperative day, if the
colon is healthy with no demonstrable leak, the patient
is taken to the operating room. Under mask anaesthesia
and complete aseptic conditions, the plastic tube holding
the colon is removed. The index finger is passed around
the exteriorized colon to break the fibrinous adhesions
with the abdominal wall. Following this maneuver, the
bowel usually drops easily into the peritoneal cavity. The
colostomy defect is closed with 2-3 interrupted No.1
prolene suture. The skin and subcutaneous tissue is left
open for delayed primary suture or secondary healing.

RESULTS
The mean ± SD hospital stay for all the patients was 11.5±
2.6 d (8-20 d). Most colonic injuries (81.6%) were grade Ⅲ
(Table 4). Iatrogenic injuries were due to inadvertent tears
or devascularization of the colon during re-exploration
of the abdomen for other surgical conditions. Comorbid
conditions i.e. diabetes mellitus, hypertension, ischaemic
heart disease and chronic obstructive airway disease were

Pulmonary complication
Deep vein thrombosis
Myocardial infarction & heart failure
Incisional hernia
Urinary retention
Death

5
1
3
1
3
1

seen in 40% of cancer patients. Patients presenting with
ischaemic colitis following aortic aneurysm repair had
concomittent hypertension and ischaemic heart disease,
two of them were diabetic and had previous CABG
surgery.
14 patients developed various complications (Table 5).
Leak from the exteriorized colon anastomosis occurred
in two patients. The first was a 64 years frail lady who
presented with advanced gastric cancer infiltrating
the transverse colon. She developed a leak from the
oesophago-jejunostomy and the anastomosis of the
exteriorized colon; she developed sepsis and subsequently
died of multiple org an failure (MOF) on the 20 th
postoperative day. The second patient was a 53 years old
obese female who presented with strangulation of the
transverse colon in a big ventral hernia. The gangrenous
bowel was resected and anastomosis was exteriorized.
On the 5th postoperative day, the colon proximal to the
exteriorized anastomosis was seen prolapsing out via
the colostomy wound with oedema and serositis on the
surface. It was decided that this colon was not suitable
for re-introduction into the peritoneal cavity. Elective
laparotomy was perfor med and a primar y side-toside ileocolic anastomosis to the descending colon was
performed using the autosuture G.I. stapler. She was
discharged from hospital on the 17th postoperative day.
In the other patients interiorization of the bowel was
uneventful and all of them passed at least two bowel
motion before discharge from the hospital.

DISCUSSION
Colostomy is practiced since 1793 for emergency
management of colon pathologies[1]. It became a standard
procedure by virtue of its low immediate mortality
and ease of perfor mance. Colostomy necessitates
staged procedures for closure with repeated hospital
admissions and prolonged hospital stay[6-12]. The reported
complications rate following colostomy creation ranges
from 21%-70% [6-10] , so much so that some surgeons
considered these complications as inevitable [11] . The
www.wjgnet.com
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mortality from these complications is more than 30%[12,13].
In a retrospective study of complication following
colostomy closure, Parks and Hastings reported an overall
36% complication rate, many of which (27.6%) required
more than one operation[13]. In a recent paper (2007) the
morbidity and mortality of Hartmann’s procedure was
reported to be 35% and 20% respectively[14]. In addition, in
the elderly population, colostomy does affect their life style
as they often experience difficulty in self-care of the stoma.
Many of these patients will never be reconnected and will
have the colostomy for life[11-15]. Therefore, colostomy and
staged procedure for its closure is associated with high
mortality and morbidity, and is a financial burden to the
health care provider because of repeated admission and
prolonged hospital stay.
In 1980, antegrade colonic lavage and primary colonic
anastomosis for unprepared bowel was introduced and
popularized by Dudley et al[16]. This technique did reduce
hospital stay and morbidity associated with temporary
colostomy. It saved patients the staged procedure for
reconnecting the colon[17]. However, when widely used,
on-table colonic lavage was found not to be devoid of
problems. It is cumbersome, costly, associated with risk
of spillage and contamination and is time consuming[18-20].
To satisfactorily irrigate the colon and get a clear effluent
about 5 L of irrigation fluid would be required and a 44-50
min of extra-operating time is needed[19,20]. This increase in
operating time together with the fluid and electrolyte shifts
incurred by the massive amount of irrigation fluid adds to
the morbidity of the original disease. Significant mortality
was reported especially when this procedure was used
in the elderly population[20-22]. In addition, the reported
incidence of anastomotic leaks after on-table irrigation
remains at 4%-10%[17,24,25].
Other innovative techniques were introduced for the
emergency management of unprepared bowel, namely
primary closure and exteriorized anastomosis. These two
techniques were first tried in the emergency management
of penetrating colon injuries. In 1988, George et al [26]
reported that nearly all penetrating colon injuries can
be primarily repaired. In 1995, an editorial by Nance
and Nance stated that “a surgeon using colostomy in
the management of penetrating colon injury should be
required to justify the continuation of this obsolete and
discredited practice [27] . Two randomized prospective
studies of 109 and 56 patients respectively compared
primary repair with diversion colostomy for colonic
injuries, reported no difference in complication rate
between the two procedures[28,29]. More than half of the
patients who developed complications in each group
required another operation. In addition, moderate to
major faecal contamination was reported in 33% and 45%
of patients after primary repair and diversion colostomy
respectively[28].
The place of primary repair of the colon in the
emergency management of other colonic pathologies
remains unclear. Primary repair without on-table irrigation
was used in 21 patients presenting with acute sigmoid
volvulus[30]. These authors used caecostomy to protect the
colonic anastomosis, a technique not very much favoured
by many surgeons. In the emergency management of
www.wjgnet.com
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malignant colon obstruction, few reports indicated that
primary resection and anastomosis without lavage is
feasible[18-21]. However, these authors did decompress the
colon per-operatively via a colonic enterostomy proximal
to the obstruction site [18,31]. More extensive emergency
procedures i.e. subtotal and total colectomy with primary
ileo-colic anastomosis were reported by others[32-34]. The
operative mortality and complications after this procedure
were 28% and 39% respectively[33]. The few favourable
reports after such extensive and time consuming surgery
on few selected patients[32,33] does not justify its routine
application especially in the elderely patients who
commonly present with confounding comorbid conditions.
Moreover, such major surgery would require the presence
of an experienced senior surgeon who is not always
available at those odd hours of the night.
I n 1 9 4 5 M a j o r Ja m e s M a s o n o f t h e U S A r my
introduced the technique of exteriorization of sutured
colon in war injuries[2]. In civilian practice colonic and
other injuries are associated with less tissue damage
than war injuries as they are due to low impact trauma
like stabs, blunt trauma and low velocity missiles. It is
therefore, expected that the results of exteriorized colonic
repair to be better in civilian practice. Few sporadic
papers appeared in the civilian literature on the successful
outcome after exteriorizing a sutured colon repair[35,36]. A
literature review on a total of 339 patients in whom the
colon was exteriorized after primary repair of penetrating
colonic injuries showed that colostomy was avoided in
63.3% of the patients and that this procedure did not
expose the patients to any increased morbidity or mortality
when compared to diversion colostomy[3]. However, this
procedures did not gain much momentum by civilian
surgeons.
The timing of interiorization or “drop-back” of the
exteriorized segment remains uncertain in the literature.
It ranged from early at the 5th postoperative day[37], to late
at 9-14 d[3,36-38]. Viable colon exposed to atmospheric air
would soon develop serositis which might lead to break
down of the suture lines. We, therefore, like Dang et al
[37]
advocate early drop-back between the 5th and 7th d after
the primary surgery for several reasons: (a) to avoid the
development of serositis, (b) anastomotic leak, would be
expected to show itself within this time (c) most patients
would have passed at least one bowel motion during this
period which would prove the integrity of the anastomosis,
(d) the presence of any postoperative intraperitoneal
sepsis would be expected to declare itself by this time and
(e) the “drop-back” procedure would be easy before the
7th postoperative day by just passing a finger around the
colon to break the fibrinous adhesion with the abdominal
wall before it becomes fibrous requiring sharp dissection.
In the group of patients reported in this paper, there was
no anastomotic leak after “drop-back” within this period
and the bowel was easily interiorized without any sharp
dissection. We used the technique of resection, primary
anastomosis and exteriorization of unprepared bowel
in the emergency management of a variety of colon
pathologies, all of which would have otherwise had a
routine colostomy.
Traditional surgical training dictates that a “clean”
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colon is a pre-requisite for a sound anastomosis. However,
recently no association was found between anastomotic
leaks and failure to achieve a “clean colon” [30,39-42]. In
a recent randomized trial, Bucher et al[42] reported that
elective left-sided colorectal surgery without mechanical
preparation was safe, it was associated with significantly
less complications (8% vs 22%) anastomotic leak (1% vs
6%) and hospital stay (9.9% vs 14.9%) when compared to
patients receiving the classical mechanical preparation[42].
The previous reports on exteriorized colon repair of
unprepared bowel and the results as reported here
substantiate this notion. The mainstay to a successful
exteriorized colon anastomosis is meticulous attention to
details which include: (a) liberal mobilization of the colon
to achieve easy exteriorization with no undue tension.
Any tension on the suture line is a recipe for failure, (b)
completely healthy and bleeding colon edges after resection
or debridement, (c) one layer of interrupted seromuscular
colon anastomosis, (d) maintain a moist environment by
immediate cover of the colon with a colonostomy bag,
(e) daily inspection of the colon to check for colour,
oedema or leak, and (f) early drop-back into the peritoneal
cavity not later than the 7 th postoperative day. This
series demonstrated that, when carefully performed, this
technique is associated with minimal morbidity and can
save most patients the inconvenience of colostomy.
In many developed countries and the Third World,
colostomy appliance are unaffordable or not available,
special toilet facilities are non-existing and expert personnel
on colostomy care are not available. Procedures which
would spare patients the inconvenience of colostomy in
these societies would be invaluable. Even in the developed
countries where all facilities and expertise are available, a
substantial saving in cost would be achieved if patients
can avoid colostomy by implementing this technique. The
procedure has the advantage of shorter hospital stay, no
stoma, one stage surgery and one hospital admission. It
does not add any morbidity to the patient and if the suture
line breaks, it will function like an ordinary colostomy.
Implementing this technique would make colostomy
an uncommon emergency procedure not only in the
management of colon injuries, but in many other colonic
pathologies as shown in the series.
In conclusion, it is always hard to over rule or challenge
an orthodox technique or a surgical dictum. Recent
literature has challenged the purported advantage of
routine colostomy in the emergency management of colon
trauma. The cited literature and this paper may justify this
challenge and stimulate a wider application of exteriorized
colon anastomosis.
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Abstract
AIM: To evaluate the tissular expression of Androgen
(A), Estrogen (E) and Progesterone (Pg) receptors, and
Apolipoprotein D (ApoD), in liver tumors from resected
hepatocellular carcinoma (HCC) cases in order to assess
their possible relationship to prognosis.
METHODS: We performed an immunohistochemical
study using tissue microarrays (containing more than 260
cancer specimens, from 31 HCC patients and controls)
to determine the presence of specific antibodies against
AR, ER, PgR and ApoD, correlating their findings with
several clinico-pathological and biological variables. The
staining results were categorized using a semi-quantitive
score based on their intensity, and the percentage of
immunostained cells was measured.
RESULTS: A total of 21 liver tumors (67.7%) were
positive for AR; 16 (51.6%) for ER; 26 (83.9%) for PgR
and 12 (38.7%) stained for ApoD. We have found a wide
variability in the immunostaining score values for each
protein, with a median (range) of 11.5 (11.5-229.5)
for AR; 11.1 (8.5-65) for ER; 14.2 (4-61) for PgR; and
37.7 (13.8-81.1) for ApoD. A history of heavy ethanol
consumption, correlated positively with AR and PgR and
negatively with ER status. HCV chronic infection also
correlated positively with AR and PgR status. However,
the presence of ApoD immunostaining did not correlate
with any of these variables. Tumors with a positive
immuno-staining for PgR showed a better prognosis.
CONCLUSION: Our results indicate a moderate clinical
value of the steroid receptor status in HCC, emphasizing

the need to perform further studies in order to evaluate
the possible role of new hormonal-based therapies.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common
cancer and the second cause of tumor-related deaths
worldwide[1]. Its incidence is high in several geographical
areas mainly located in Africa and Asia and is expected
to increase in developed countries at short term, mainly
due to the increasing number of chronic HCV infections
observed in the last decades[2]. In addition, its prognosis
remains dismal, despite several treatment options being
nowadays available, since the estimated 5 years survival
rate is less than 50% and the disease-free survival is around
30%[3]. Moreover, systemic chemotherapy has not shown
good results yet.
There are several studies suggesting that HCC might
be a hormone-responsive neoplasm[4,5], and the role of
sex hormone receptors in primary liver tumors have been
studied experimentally[6,7]. Androgen receptors (AR) have
been determined in HCC and in non-tumoral liver tissue,
its expression being more intense in cancerous cells [8].
In addition, there is little information about the role
of estrogen and progesterone receptors in HCC, since
their presence has been demonstrated using different
techniques, between 23%-48% and 14.3%-18% of
tumors, respectively[9,11]. On the basis of this evidence,
several clinical trials have investigated the potential role of
antiestrogenic agents (tamoxifen), in increasing survival
in HCC patients. However, these studies have shown
conflicting and non-promising results[12].
Recently, some studies have shown a possible
www.wjgnet.com
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protective role of Apolipoprotein D (ApoD), an androgen
inducible protein [13,15], in several digestive tumors [16].
Likewise, its tumoral expression in HCC, has been recently
found to be significantly lower, than in non-tumour liver
tissue[17]. In addition, a low ApoD expression has been
related to the presence of undifferentiated HCC and a less
poor prognosis. Thus based on these findings, it could be
speculated that ApoD expression is a possible biochemical
marker of androgen action in HCC, and therefore, it
would have a clinical interest in order to select patients as
candidates for specific hormonal therapeutic strategies.
Having all these facts to consider, we believe it could
be important to identify and characterize the molecular
abnormalities of several hormonal receptors and ApoD
and to evaluate their potential clinical significance in
surgically treated HCC, in order to develop future clinical
trials based on different hormonal approaches[18].

MATERIALS AND METHODS
Patient selection
The study population consisted of 31 patients diagnosed
with HCC during a 13 years period (1989-2002), before
starting a program of liver transplantation in the same
center and followed since then, at the University Hospital
Central of Asturias in Oviedo, Spain.
All cases were diagnosed on a clinical basis, with
imaging and pathological confirmation of the tumor, and
presented with nodular limited disease and associated
cirrhosis stage A (Child-Pugh criteria). In addition, all
patients were considered degree A, according to the
Barcelona Clinic Liver Cancer (BCLC) staging system[19].
When feasible, tumors were removed by surgical
resection (n = 24) and when not, liver transplantation
was performed (n = 7). The selection criteria for the
intervention were as follows: (����������������������
�����������������������
1) Patients underwent
surgical resection if they had solitary tumors, of 5 cm or
less in size, with normal bilirubin serum levels, and no
signs of portal hypertension. (����������������������������
�����������������������������
2) Patients were treated by
liver transplantation if they had multiple tumors (≤ 3
nodes of ≤ 3 cm in size), no significant comorbidity, or if
they were not good candidates for liver resection. We did
not include patients with extended disease nor associated
liver failure.
During the follow-up period, two patients were treated
with percutaneous ethanol injection (PEI) for local
relapse and five cases underwent Trans-Arterial ChemoEmbolization (TACE), for intrahepatic tumor spread.
Main basal characteristics of the patient cohort, are shown
in Table 1. The actuarial survival of patients included in
the present study was performed during the follow-up
period, ending on December 31, 2006.
Study evaluations
Age, sex, diagnosis, and etiology of cirrhosis were assessed.
The degree of liver insufficiency was evaluated according to
Child-Pugh’s classification[20].
Blood samples were obtained for cell blood counts
(CBC), coagulation study, renal evaluation, serum albumin
levels, liver function tests (LFTs), serum viral hepatitis
markers and sequential AFP determinations.
www.wjgnet.com
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Table 1 Clinico-pathological and biological parameters of patients
Characteristics
Males
Age < 65 yr
Cirrhosis
HCV (+)
Alcohol etiology
Uninodular
Size ≤ median mm
Alpha-fetoprotein
≥ 20 (ng/mL)

n (%)
26 (83.9)
21 (67.7)
29 (93.5)
16 (51.6)
13 (42.0)
25 (80.6)
21 (67.7)
12 (38.7)

Deaths, n (%)
14 (53.8)
12 (57.1)
18 (62)
10 (62.5)
11 (84.6)
15 (60)
10 (47.6)
8 (66.6)

Histopathology HCC-T
AR (+)

28 (90.3)
21 (67.7)

16 (55.1)
10 (47.6)

1.35 (0.30-5.95)
0.62 (0.25-1.68)

ER (+)
PgR (+)
ApoD (+)

16 (51.6)
26 (83.9)
12 (38.7)

10 (62.5)
13 (50)
8 (66.6)

1.05 (0.41-2.67)
0.26 (0.08-0.85)a
1.47 (0.57-3.77)

RR (95% CI)
1.14 (0.36-3.57)
1 (0.37-2.70)
21.85 (0-187.50)
0.80 (0.31-2.06)
0.62 (0.23-1.62)
1.33 (0.37-4.74)
4.73 (1.61-13.89)a
1.46 (0.57-3.71)

a

P < 0.05. HCC-T: HCC trabecular.

Patient follow-up was planned every 3 mo until
death; at each follow-up visit, a clinical examination was
performed and hematological and biochemical parameters
were obtained, including α-fetoprotein levels. Abdominal
ultrasound and/or CT were done when needed for
detection of local relapse. In addition, the Child-Pugh´s
score and WHO performance status, were also assessed in
each visit.
Tissue microarrays (TMAs) and immunohistochemistry
Routinely fixed (overnight in 10% buffered formalin),
paraffin-embedded tumor samples stored in our
Pathology Laboratory Files, were used in this study.
Histopathologically representative tumor areas were
defined on hematoxylin and eosin-stained sections and
marked on the slide. TMA blocks were obtained by
punching a tissue cylinder (core) with a diameter of
1.5 mm through a histologically representative area of
each ‘donor’ tumor block, which was then inserted into
an empty ‘recipient’ tissue array paraffin block using a
manual tissue arrayer (Beecher Instruments, Sun Prairie,
Wisconsin, USA) as described elsewhere[21]. Collection
of tissue cores was carried out under highly controlled
conditions. Areas of non-necrotic tumor tissue were
selected for arraying by two experienced pathologists (LO.
G and FF). Two cores were used for each case. One tissue
array block was prepared from the 31 tumor samples
available, each one containing 62 tumor samples, as well
as internal controls including four liver tissue samples
obtained from recently procured necropsy material from
two individuals who died of non-liver related disease.
One composite high-density TMA block was designed
and serial 5-µm sections were consecutively cut with
a microtome (Leyka Mikrosysteme Vertrieb GmbH,
Bensheim, Germany) and transferred to adhesive-coated
slides. One section from each tissue array block was
stained with H&E, and these slides were then reviewed to
confirm that the sample was representative of the original
tumor. The
�����������������������������������������������
other sections were incubated with anti-AR
clone AR 441 (Dako, Glostrup, Denmark) at a dilution of
1/50, the anti-ER clone 1D5 (Dako), the anti-PR clone
PgR 636 (Dako), and the anti-ApoD clone 8CD6 (Signet,
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Dedham, Massachusetts, USA) at a dilution of 1/100. All
dilutions were made in antibody diluent, (Dako) for 30 min
at room temperature.
Tissue sections were deparaffinized in xylene, and
then rehydrated in graded concentrations of ethyl alcohol
(100%, 96%, 80%, 70%, then water). To enhance antigen
retrieval for all antibodies, TMA sections were microwavetreated (H2800 Microwave Processor, EBSciences, East
Granby, Connecticut, USA) in citrate buffer (Target
Retrieval Solution, Dako) at 99℃ for 15 min. Endogenous
peroxidase activity was blocked by incubating the slides in
peroxidase-blocking solution (Dako ChemMateTM) for 5
min. The EnVisionTM Detection, and the peroxidase/DAB
kits (Dako) were used as the staining detection system. The
sections were counterstained with hematoxylin, dehydrated
with ethanol, and permanently coverslipped. ���������������
Specificity of
the staining was determined using controls that involved
incubation of tissue sections with antibody diluent (Dako)
alone. In these cases there was no significant staining.
TMA analysis
For each antibody preparation studied, the location of
immunoreactivity, percentage of stained cells and intensity
were determined. All the cases were semiquantified for
each protein-stained area. An image analysis system
composed of the Olympus BX51 microscope and soft
analysis (AnalySIS ® , Soft Imaging System, Münster,
Germany) was used as follows: tumor sections were stained
with antibodies according to the method explained above
and counterstained with Hematoxilin. There are different
optical thresholds for both stains. Each core was scanned
with a 400��������������������������������������������������
X
�������������������������������������������������
power objective in two fields per core. Fields
were chosen searching for the protein-stained areas.
The computer program selects and traces a line around
antibody-stained areas (higher optical threshold: red spots),
with the remaining, non-stained areas (hematoxylin-eosin
stained tissue with lower optical threshold) standing out
as a blue background. All fields have an area ratio of
stained (red) versus non-stained areas (blue). A final area
ratio was obtained after averaging two fields. To evaluate
immunostaining intensity we used a numeric score ranging
from 0 to 3, reflecting the intensity as follows: 0, absence;
1, weak; 2, moderate; and 3, intense staining.
Using an Excel spreadsheet (Microsoft Corporation,
Redmond, Washington, USA), the mean score was
obtained by multiplying the intensity score (Ⅰ) by the
percentage of stained cells (PSC) and the results were
added together (total score:Ⅰ× PSC). This overall score
was then averaged with the number of cores that were
done for each patient. If there was no staining tumor in
a particular core, then no score was given. In addition,
for each tumor, the mean score of two core biopsies was
calculated.
A case was defined as positive if at least 10% of
the tumor cells were weakly stained, or at least 1% of
the tumor cells showed moderate or intense staining.
Furthermore, whole-tissue sections from tumor blocks
from a subset of ten cases were compared with the
corresponding TMA discs, regarding each protein
expression. Those cases were randomly selected, and the
obtained clinicopathological data were very similar to
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those from the whole series. Each whole-tissue section was
scanned with a 400 × power lens in ten different fields.
Fields were selected by searching for the protein-stained
areas, such as it was described above.
Statistical analysis
After analyzing the distribution of the score values for
immunohistochemical staining (Ⅰ× PSC) for each protein
by the Kolmogorov-Smirnov test, non-parametric rank
methods were used to analyze the data. Immunostaining
values for each protein were expressed as the median
(range). Patients were subdivided into different groups,
based on their clinical and pathological parameters.
Comparison of immunostaining values between groups
was made with the Mann-Whitney or Kruskal-Wallis tests.
Correlations between continuous variables were calculated
by the Spearman test. Differences in percentages were
calculated with the Chi-square test. Survival curves were
calculated by the Kaplan-Meier method and compared
with the log-rank test. Cox’s regression model was used
to examine interactions of different prognostic factors
in a multivariate analysis. In the multivariate analysis,
we included only parameters that achieved statistical
significance for relapse-free survival in the univariate
analysis. Survival rates are presented with their 95%
confidence intervals (95% CI). Statistical tests were twosided at a 5% probability level (P < 0.05). A SPSS 11.5
program (SPSS Inc, Chicago, Illinois, USA) was used for
the calculations.

RESULTS
A total of 260 deter minations in different tumor
specimens from 31 patients with resectable HCC and
controls, were performed on TMAs. Minimal internal
variance of score data between duplicate tissue cores
from the same patient was detected in the tissue arrays,
showing a high agreement (r > 0.95 and dP < 0.0001, for
each protein). In the validation study, there was a total
concordance in the global expression as well as in the
intensity of immunostaining for each protein, between
TMA cases and the corresponding whole-tissue sections.
In addition, there was a highly significant correlation in the
immunostaining scores between these two paired sets (r >
0.90 and dP < 0.0001, for each protein).
Figure 1 shows examples of tissue microarrays with
immunostaining for each protein evaluated in the study.
As expected, AR, ER and PgR immunostaining were of
nuclear localization; whereas ApoD-positive staining was
localized in the cytoplasm of the malignant cells. A total of
21 tumors stained positively (67.7%) for AR, 16 (51.6%)
for ER, 26 (83.8%) for PgR, and 12 (38.7%) for ApoD. In
addition, there was a wide variability in the immunostaining
score values for each protein in the positive cases: AR
median (range), 11.5 (11.5-229.5); ER, 11.1 (8.5-65); PgR,
14.2 (4-61); and ApoD, 37.7 (13.8-81.1). We analyzed
the possible relationship between the expression of the
studied proteins and some patients’ clinicopathological
characteristics such as gender, age, liver cirrhosis, HCV
infection, alcohol etiology, Child-Pugh’s score, portal vein
thrombosis, tumor multiplicity and size, alpha-fetoprotein
www.wjgnet.com
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Males
Age < 65 yr
Cirrhosis
VHC (+)
Alcohol etiology
Uninodular
Tumor size
< median
≥ median
Alfa-fetoprotein
(ng/mL)
< 20
≥ 20
Histopathology
HCC-T
Non HCC-T
Death
No
Yes
Androgen receptors
Negative
Positive
Estrogen receptors
Negative
Positive
Progesterone
receptors
Negative
Positive
Apo D
Negative
Positive

D

Figure 1 Expression of proteins studied by Immunohistochemistry on TMA.
Immunohistochemical staining of a tumor core. A: AR; B: ER; C: PgR; D:
ApoD (x 400).

serum levels and tumor histology (Table 1). Thus, we
found that ER values correlated negatively with alcohol
etiology (aP < 0.05), and positively with both PgR-positive
(aP < 0.05) and AR-positive status (aP < 0.05); whereas PgR
values correlated positively with HVC infection (bP < 0.01)
and AR-positive status (aP < 0.05). However, statistical
analysis revealed that Apo D immunostaining values did
not correlate with any of those clinico-pathological or
biological characteristics (Tables 2 and 3).
We also analyzed the association between the status
for each protein and the overall patient survival. We
have only found a significant association between PgR
status and outcome (P = 0.0169). Patients whose tumors
showed a negative immunostaining for PgR had a poorer
overall survival (Figure 2). We have also looked into the
possible prognostic value of the median score value
chosen as a cut-off point for each protein. But, significant
associations with overall survival were not found (data not
shown). Multivariate analysis����������������������������
according to the Cox model
demonstrated that negative PgR status (P = 0.002)����������
, was the
only parameter significantly and independently associated
with overall survival.

DISCUSSION
This is to our knowledge, the first study designed to
analyze the combined expression of AR, ER, PgR, and
ApoD in human HCCs by applying TMA technology,
which has allowed us to process a large number of
tissue specimens from HCC patients for a wide range of
protein determinations, and to associate staining results
with various clinicopathological parameters. Thus, this
technology offers the opportunity to integrate different
biological aspects of the tumor into the morphological
www.wjgnet.com
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Table 2 Relationship between AR and ER Immunostaining
values and Clinico-Pathological Characteristics

Characteristics

C

Volume 13

Androgen receptors (AR)
Score values
median (range)
18 (69.2) 4.1 (0-229.5)
15 (71.4) 6.7 (0-52)
19 (65.5) 4.2 (0-229.5)
11 (68.8) 4.2 (0-229.5)
7 (53.8) 3.7 (0-52)
16 (64)
4.2 (0-229.5)

n (%)

Estrogen receptors (ER)
Score values
median (range)
12 (46.2) 8.5 (0-65)
10 (47.6) 8.5 (0-65)
16 (55.2) 8.5 (0-65)
11 (68.8) 8.75 (0-65)
3 (23.1) 0 (0-65)
13 (52)
8.5 (0-65)

n (%)

13 (61.9)
8 (80)

4 (0-229.5)
5.75 (0-16)

12 (57.1)
4 (40)

12 (63.2)
9 (75)

4 (0-229.5)
5.7 (0-31)

8 (42.1)
8 (66.7)

8.5 (0-65)
8.7 (0-16)

20 (71.4)
1 (33.3)

4.5 (0-229.5)
1 (0-26.25)

15 (53.6)
1 (33.3)

8.5 (0-65)
0 (0-20.5)

6 (46.2)
10 (55.6)

9 (0-65)
8.5 (0-20.5)

3 (30)
13 (61.9)

0 (0-20.5)a
9 (0-65)

11 (84.6) 12 (0-229.5)
10 (55.6) 4 (0-28.75)
-

-

-

8.5 (0-65)
8.7 (0-15.75)

8 (53.3)
13 (81.3)

3.2 (0-29)
8.4 (0-229.5)

-

0 (0)c
21 (80.8)

1.7 (0-4.2)a
8.4 (0-229.5)

1 (20)
15 (57.7)

0 (0-8.5)a
9 (0-65)

13 (68.4)
8 (66.7)

4.2 (0-52)
4.2 (0-229.5)

10 (52.6)
6 (50)

8.5 (0-65)
8.5 (0-65)

a

P < 0.05, cP < 0.005. HCC-T: HCC trabecular.

context of HCCs. Our results demonstrate a wide
variability in the immunohistochemical values for steroid
receptors and ApoD among HCCs, supporting the concept
that HCC is a heterogeneous disease. In addition, we
believe this is the first study reporting that ER expression
by liver carcinomas correlates negatively with alcohol
etiology, whereas PgR expression correlates positively with
VHC infection, as well as, with a better prognosis. Thus,
these results suggest both a biological and a clinical interest
for steroid receptor determination in HCCs.
Our data are in accordance with other investigations
indicating that some, but not all, specimens of HCCs have
elevated AR, ER, PgR[9,11,22,23], indicating that determination
of steroid receptor content might be useful prior to
initiation of certain hormone-blocking therapies. However,
the available studies on tamoxifen treatment of HCC
have produced conflicting results in that both, a survival
benefit in patients with advanced HCC[24,26] as well as a
worse survival[27,32] have been reported. In a recent study,
tamoxifen did not improve the survival of patients with
advanced HCC. But, there was a suggestion that patients
without major hepatic insufficiency seemed to have some
survival benefit[12]. Lack of tamoxifen efficacy in terms
of tumor growth and survival could be ascribed either to
a low expression of ER in HCC[33] or to the expression
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n (%)

n (%)

Males
Age < 65 yr
Cirrhosis
HCV (+)
Alcohol etiology
Uninodular
Size < median
Alfa-fetoprotein ≥

22 (84.6)
17 (81)
24 (82.8)
15 (93.8)
11 (84.6)
20 (80)
17 (81)

Score
(median-range)
13.7 (0-61)
9.7 (0-61)
14 (0-61)
15.9 (3-61)
9.7 (0-25)
13.7 (0-61)
13.7 (0-61)

20 (ng/mL)
Histopathology
HCC-T
Death rate
Androgen receptors
Negative
Positive
Estrogen receptors
Negative
Positive
Pg receptors
Negative
Positive
ApoD
Negative
Positive

11 (91.7)

14 (5.7-61)

3 (25)

0 (0-80.4)

23 (82.1)
13 (72.2)

13.7 (0-61)
11.75 (0-61)

11 (39.3)
8 (44.4)

0 (0-81.1)
0 (0-81.1)

5 (50)c
21 (100)

9.6 (0-20)a
14.2 (4-61)

4 (40)
8 (38.1)

0 (0-80.4)
0 (0-81.1)

11 (73.3)
15 (93.8)

8 (0-34)a
17.2 (3-61)

6 (40)
6 (37.5)

0 (0-81.1)
0 (0-80.4)

-

16 (84.2)
10 (83.3)

-

13.7 (0-61)
13.8 (3-34)

Score
(median-range)
10 (28.5)
0 (0-81.1)
7 (33.3)
0 (0-69.5)
11 (37.9)
0 (0-81.1)
8 (50)
11 (0-81.11)
5 (38.5%) 0 (0-80.4)
11 (44)
0 (0-81.1)
6 (28.6)
0 (0-80.4)

2 (40)
10 (38.5)
-

0 (0-24.4)
0 (0-81.1)
-

P < 0.05, cP < 0.005. HCC-T: HCC trabecular.
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Figure 2 Overall Survival as a function of the AR (A), ER (B), PgR (C) and ApoD
(D) tumoral expressions.

a

of mutated ERs, although it has also been suggested that
the effect of tamoxifen treatment is not affected by the
expression of ER[31]. Nevertheless, the consideration that
PgR is an estrogen-inducible protein, led us to think that
this steroid receptor could be a potential marker for the
functional stage of ERs in HCC, in order to select patient
candidates for anti-estrogen therapy. In addition, our
study demonstrates that PgR expression has a prognostic
implication in patients with resected HCC as a factor
associated with an improved prognosis, a clinical finding
previously demonstrated in breast cancer[34,35]. We consider
that this result could be of great interest considering our
reported positive association between PgR expression and
HCV infection, which represents an increasing etiology of
HCC in our patient’s population[2].
Previous studies showed that AR expression was
associated with intrahepatic recurrence in HCC[33]. In other
studies, AR expression was also associated with a small
tumor size, but not with a higher rate of recurrence[23].
However, we found no significant relationships between
AR expression and clinicopathological parameters or
clinical outcome in our population of patients with
resected HCC. Although there are few data on the effect
of anti-androgens in patients diagnosed with HCC, it
has been reported that anti-androgen therapy might have
some benefit in patients with androgen-positive tumors[22].
Likewise, the results of a multicenter trial with antiandrogenic drugs, in male patients with HCC were recently
reported, although the study was interrupted because of
intolerable digestive side effects[36]. Nevertheless, further
studies are necessary to assess whether AR status could

be used as a marker to more accurately select patients as
candidates for further anti-androgenic therapy.
In the present study, we have also investigated ApoD
expression by HCCs, an androgen-inducible protein in
both prostate and breast cancer cells[13,15], in consideration
to the recent report from Utsunomiya et al[17], showing
that a low ApoD expression significantly correlated with
less-differentiated HCCs and with a worse prognosis.
However, we did not find any relationship between
ApoD expression and the clinico-pathological parameters
evaluated or clinical outcome. This may be due to the small
series of patients included in the present study or to the
different criteria used for patient selection. Moreover, we
found no significant relationship between the lipoprotein
expression and the hormonal receptor status. Nevertheless,
further studies are also necessary in order to assess
the possible value of ApoD as a biological marker of
androgen response and/or of other hormonal pathways
in HCC. Thus, although ApoD is an androgen-regulated
protein, we also have to consider that other hormonal
steroids and other substances such as steroids, retinoic
acid and 1.25-dihydroxy vitamin D3, that also induce ApoD
expression, may be involved in its regulation in human
tumors[14,37,38], mostly if we consider that both retinoid and
steroid receptors have also been detected in HCC[39,40] and
that available preliminary data have shown that retinoids
are of clinical benefit as cancer chemotherapeutic agents
in advanced HCC[41].
In summary, our results show a clinical value of the
steroid receptor status in HCC, and open the opportunity
to design further studies pointing towards the development
of new endocrine strategies in patients affected by this
increasing tumoral disease.
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Abstract
AIM: To study the significance of scoring systems
assessing severity and prognostic factors in patients with
colonic perforation.
METHODS: A total of 26 patients (9 men, 17 women;
mean age 72.7 ± 11.6 years) underwent emergency
operation for colorectal perforation in our institution
between 1993 and 2005. Several clinical factors were
measured preoperatively and 24 h postoperatively. Acute
physiology and chronic health evaluation Ⅱ (APACHE Ⅱ),
Mannheim peritonitis index (MPI) and peritonitis index of
Altona (PIA Ⅱ) scores were calculated preoperatively.
RESULTS: Overall postoperative mortality rate was
23.1% (6 patients). Compared with survivors, nonsurvivors displayed low blood pressure, low serum
protein and high serum creatinine preoperatively, and
low blood pressure, low white blood cell count, low pH,
low PaO2/FiO2, and high serum creatinine postoperatively.
APACHE Ⅱ score was significantly lower in survivors
than in non-survivors (10.4 ± 3.84 vs 19.3 ± 2.87, P
= 0.00003). Non-survivors tended to display high MPI
score and low PIA Ⅱ score, but no significant difference
was identified.
CONCLUSION: Pre- and postoperative blood pressure
and serum creatinine level appear related to prognosis of
colonic perforation. APACHE Ⅱ score is most associated
with prognosis and scores ≥ 20 are associated with
significantly increased mortality rate.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Colonic perforation is a major life-threatening condition
associated with high morbidity and mortality rates. Despite
recent advances in surgical treatment and intensive medical
care, mortality rates remain around 15%-30% [1-7]. One
reason for this high mortality rate is that peritonitis due
to perforation affects the general condition and leads
to complications causing multiple organ failure such as
respiratory failure, renal failure and sepsis. Thus, any study
of the factors affecting mortality in colonic perforation
requires not only measurement of individual clinical and
laboratory data, but also evaluation of disease severity
from a systemic perspective. To assess severity, scoring
systems such as the acute physiology and chronic health
evaluation Ⅱ (APACHE Ⅱ) and Mannheim peritonitis
index (MPI) have been used[5-8]. However, consensus has
not yet been reached regarding an ideal and generally
accepted scoring system. We reviewed our experience with
surgical and intensive treatment of colonic perforation,
and retrospectively studied factors affecting the prognosis
and significance of scoring systems for this disease.

MATERIALS AND METHODS
Between 1993 and 2005, we operated on 26 patients
(9 men, 17 women) with peritonitis due to colonic
perforation. Medical records were reviewed and data were
collected regarding clinical data such as sex, age, degree of
peritonitis (Hinchey’s stage[9], blood pressure preoperatively
and 24 h postoperatively, white blood cell count (WBC),
levels of serum protein, potassium, creatinine and BUN,
PaO2/FiO2 ratio (P/F ratio), and pH. Preoperative and
Postoperative Acute Physiology Score (APS), APACHE
[10]
[11]
[12]
Ⅱ , MPI and Peritonitis Index of Altona (PIA Ⅱ)
were calculated. Patients were divided into survivors and
non-survivors, and clinical data and scores were compared
between groups.
Statistical analyses between groups were performed
using the Chi-square test or Student’s t test. Values of P <
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Table 1 Comparison of clinical factors between survivors and
non-survivors
Variable

Non-survivors
(n = 6)

P

71.9 ± 12.7
6
14
8
12

75.1 ± 6.96
3
3
1
5

0.5561
0.6782
0.5722

93.9 ± 21.8

69.8 ± 17.9

0.0231

11247 ± 8629
5.95 ± 0.84
3.85 ± 0.68
0.91 ± 0.45
30.4 ± 31.7
380.9 ± 273.5
7.426 ± 0.080

6683 ± 5036
4.76 ± 1.44
3.88 ± 1.23
1.48 ± 0.58
27.0 ± 12.3
314.2 ± 280.1
7.319 ± 0.170

0.2381
0.0321
0.9381
0.0191
0.7991
0.6251
0.0501

90.6 ± 12.7

76.0 ± 19.1

0.0401

10305 ± 6202
5.45 ± 0.76
3.85 ± 0.68
0.88 ± 0.50
27.0 ± 27.6
278.1 ± 125.6
7.443 ± 0.049

3416 ± 4411
5.45 ± 0.26
3.88 ± 1.23
1.43 ± 0.69
25.8 ± 15.4
126.2 ± 98.6
7.315 ± 0.173

0.0191
0.9361
0.9381
0.0451
0.9231
0.0141
0.0091

Survivors
(n = 20)

Age
Sex Male
Female
Hinchey’s stage Ⅰ/Ⅱ
Ⅲ/Ⅳ
Preoperative data
Mean blood
pressure (mmHg)
WBC count (/mm3)
Total protein (g/dL)
Potassium (mEq/L)
Creatinine (mg/dL)
BUN (mg/dL)
PaO2/FiO2 ratio
pH
Postoperative data
Mean blood
pressure (mmHg)
WBC count (/mm3)
Total protein (g/dL)
Potassium (mEq/L)
Creatinine (mg/dL)
BUN (mg/dL)
PaO2/FiO2 ratio
pH

(n )
10

Non-survivors
Survivors

5

0

5

10

15
20
APACHE Ⅱ score

25

(n )
10

5

0

15

20

25
30
MPI score

35

40

(n )
10

1

Student’s t-test; 2Chi-squared test.

Table 2 Comparison of prognostic score between survivors and
non-survivors

5

P

Score

Survivors
(n = 20)

Non-survivors
(n = 6)

(Student’s t test)

APACHE Ⅱ
MPI
PIA Ⅱ

10.4 ± 3.84
25.1 ± 4.68
1.42 ± 0.99

19.3 ± 2.87
28.6 ± 5.95
0.39 ± 1.54

0.00003
0.141
0.066

0.05 were considered statistically significant.

RESULTS
The mean age of the patients at time of surgery was 72.7 ±
11.6 years (range, 35-95 years). Sites of colonic perforation
were the cecum-ascending colon (n = 3), transverse colon
(n = 4), descending colon (n = 1), sigmoid colon (n = 15)
and rectum (n = 3). Causes of colonic perforation were
idiopathic or diverticulum (n = 15), carcinoma (n = 2),
trauma (n = 3), and others (n = 6). Surgical procedures were
colostomy with resection of the perforation site (n = 20),
simple colostomy (n = 3), anastomosis (n = 1), and direct
closure (n = 2). Continuous hemodiafiltration (CHDF) was
performed in 10 patients. The overall mortality rate was
23.1% (6/26).
Comparison of clinical variables as predictive factors
for mortality in colonic perforation is shown in Table 1.
Age, sex and Hinchey’s stage displayed no significant
differences between groups. Compared with survivors,
non-survivors had low blood pressure, low serum protein
and high serum creatinine preoperatively and low blood
pressure, low WBC, low pH, low P/F ratio and high serum

0

-1.0

0

1.0
2.0
PIA Ⅱ score

3.0

Figure 1 Distributions of APACHE-Ⅱ, MPI and PIA-Ⅱ scores for survivors and
non-survivors.

creatinine postoperatively.
Mean APS tended to be slightly higher preoperatively
(6.32 ± 4.29) than postoperatively (5.72 ± 5.75, P =
0.520). Mean preoperative APS was significantly higher
in non-survivors (11.0 ± 4.24) than in survivors (4.84 ±
3.16, P = 0.0008). Similarly, mean postoperative APS was
significantly higher in non-survivors (10.6 ± 7.03) than
in survivors (4.15 ± 4.43, P = 0.012). Distributions of
APACHE Ⅱ, MPI and PIA Ⅱ scores for survivors and
non-survivors are shown in Figure 1. More than 80% of
patients with APACHE Ⅱ score > 15, and patients with
APACHE Ⅱ score > 20 all died. Conversely, patients with
APACHE Ⅱ score ≤ 15 displayed a high survival rate,
and all patients with APCHE Ⅱ score ≤ 10 survived.
For MPI, number of non-survivors increased for scores
> 20, but many survivors were still seen with the same
scores. For PIA Ⅱ, all patients with score ≤ -1.0 died, but
survivors and non-survivors coexisted with scores ≥ 1.0.
Scoring systems are compared in Table 2. Mean APACHE
Ⅱ was significantly lower in survivors (10.4 ± 3.84) than in
www.wjgnet.com
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non-survivors (19.3 ± 2.87, P = 0.00003). Non-survivors
tended to have higher MPI (28.6 ± 5.95 vs 25.1 ± 4.68)
and lower PIA Ⅱ (0.392 ± 1.54 vs 1.42 ± 0.99), but no
significant differences were identified.
We examined scoring systems between patients
with and without CHDF. Mean APACHE Ⅱ score was
significantly higher in patients with CHDF (15.3 ± 4.64)
than in patients without CHDF (10.8 ± 5.00, P = 0.033).
Similarly, mean MPI was significantly higher in patients
with CHDF (28.5 ± 4.52) than in patients without CHDF
(24.3 ± 4.92, P = 0.040). Mean PIA Ⅱ tended to be lower
in patients with CHDF (0.798 ± 1.31) than in patients
without CHDF (1.45 ± 1.05, P = 0.183), but no significant
difference was seen.

DISCUSSION
Factors influencing the prognosis of patients with colonic
perforation have been reviewed from various perspectives,
including pre- and postoperative laborator y data,
intraoperative findings, and operative procedures. Age
> 70 years, preoperative base excess (BE), presence of
shock, platelet count, postoperative WBC and number of
organ failures have all been reported as factors influencing
prognosis[1-7]. The present study showed that preoperative
mean blood pressure and serum creatinine level are
associated with mortality following colonic perforation.
In addition, postoperative respiratory function influences
mortality. Non-survivors P/F ratio decreased substantially
from a preoperative mean of 314.2 to a postoperative
mean of 126.2, while P/F ratio in survivors decreased only
slightly. These findings indicate that respiratory function
became lower in non-survivors than in survivors following
operative stress.
Various scoring systems have been used to indicate
prognosis of patients with colonic perforation[13]. These
systems can be broadly divided into two groups: diseaseindependent scores for evaluation of serious patients
requiring care in the intensive care unit (ICU) such as
APACHE Ⅱ, Simplified Acute Physiology Score (SAPS
[14]
Ⅱ) ; and peritonitis-specific scores such as MPI and
PIA Ⅱ. MPI is calculated using simple factors such as
degree of peritonitis, age, sex and time from perforation
to operation, and offers a useful tool. Actually, MPI has
been reported to be strongly associated with prognosis of
patients with colonic perforation[1,3,6]. However, the present
study revealed that survivors included patients with
high and low MPI. No significant difference in MPI was
identified between survivors and non-survivors. Although
macroscopic degree of peritonitis seemed equal, the
actual damage to the body of individual patients differed
in degree. Time from perforation to operation could not
be precisely measured, as it is difficult to detect the time
of perforation in elderly patients[7]. Whether preoperative
duration was more or less than 24 h represented a vague
division, so patients with various degrees of injury were
judged to display the same score. In contrast, physiological
scoring systems such as APACHE Ⅱ or SAPS Ⅱ seem
to reveal preoperative status of the patient more precisely
than MPI, as such scoring systems put > 10 kinds of
laboratory data together in calculation.
www.wjgnet.com
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A previous study compared changes in APACHE

Ⅱ score between survivors and non-survivors among

emergency surgically-treated patients [15]. Scores in both
groups increased immediately postoperatively. Scores
of survivors subsequently decreased, and significant
differences between groups were apparent by postoperative
d 10. Various reports have indicated that preoperative
scoring systems are useful in predicting risk of death in
patients with colonic perforation. However, it is difficult to
use scoring systems for postoperative monitoring because
of the need to measure numerous laboratory parameters.
In addition, development of a new scoring system to aid
management of peritonitis has been described, including
not only APACHE Ⅱ, but also intraoperative findings
such as operation success and organ failure score[16]. A
larger number of cases need to be reviewed to assess this
new scoring system.
Scoring systems for colonic perforation allow objective
and systematic assessment of the severity of disease,
and prediction of prognosis. Such systems seem useful
in comparing the effectiveness of treatment by disease
severity. Therapeutic choice may be facilitated by severity
according to scoring systems in the future, but no ideal and
generally accepted scoring system is presently available.
APACHE Ⅱ has been reported as a useful scoring system
for predicting outcomes at the beginning of treatment
with g ood discrimination, but the significance of
APACHE Ⅱ has been questioned when deciding therapies
for patients with unsuccessful initial treatment [17,18] .
Multiple organ system failure (MOSF) has been reported
as the only indicator for therapeutic decision-making in
such situations[19]. APACHE Ⅱ may not be suitable for
longitudinal evaluation of disease.
Treatment of colonic perforation involves resection of
the perforated site with colostomy (Hartmann’s procedure)
or primary anastomosis. Some studies have compared
primary anastomosis with colostomy [3,5,6,17,20]. Gooszen
et al[20] reported that anastomotic leakage rate in primary
anastomosis in their study and the existing literature, was
5%-20%, and did not exceed the leakage rate reported
for secondary elective reconstruction after Hartmann’s
procedure. Nespoli et al[17] reported that APACHE Ⅱ and
MPI scores of patients with primary anastomosis were
low, and colostomy was chosen for patients with high
score, and the mortality rate was high. They concluded that
the surgical procedure did not influence outcomes, but
that mortality rate was related to the severity of peritonitis
measured by APACHE Ⅱ and MPI. They suggested
that in Hinchey’s stageⅠand Ⅱ disease such as localized
peritonitis, generally associated with a low APACHE
Ⅱ score, primary resection and anastomosis might be
considered optimal. We selected Hartmann’s procedure
for most patients, with a focus on saving the life first and
foremost, and then on decreasing operative stress. Based
on these reports, primary anastomosis will be chosen in
future for patients with low APACHE Ⅱ score.
One of the treatments contributing to improved
survival rate in colonic perforation is blood purification,
such as CHDF. Patients whose postoperative renal and
respiratory failure improve following cytokine adsorption
or adaptation of water balance are more likely to
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survive[21]. Our study showed that APACHE Ⅱ and MPI
scores were higher in patients with CHDF than in patients
without CHDF. CHDF thus appears to be indicated
for patients with high scores. However, our study also
showed that all patients with preoperative APACHE Ⅱ
> 20 died, and no treatment is expected to be effective
in such patients. Judging the indications for CHDF by
observing postoperative state is important, and indications
for CHDF cannot be decided based on preoperative score
alone. At least, patients with high preoperative score need
to be treated in an institution that can perform blood
purification treatment. Scoring systems seem likely to
become one of the indices for deciding where patients
should be treated.
Our study revealed that pre- and postoperative mean
blood pressure and serum creatinine level are associated
with prognosis of colonic perforation. Progression of
postoperative respiratory failure was more extensive in
non-survivors than in survivors. For scoring systems,
APACHE Ⅱ score was most strongly associated with poor
prognosis, and scores > 15 were significantly correlated
with mortality.
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Abstract
AIM: To determine the efficacy of tacrolimus on clinical
status, histopathological status and biochemical markers
in patients with steroid refractory autoimmune hepatitis
(AIH).
METHODS: Retrospectively, clinical parameters,
biochemistry and histology were obtained from patient
records.
RESULTS: Nine patients [8 females/1 male, median
age 32 (range 16-64) years] were identified to have
received tacrolimus for a median duration of 18 (12-37)
mo. Before initiation of tacrolimus treatment the patients
were maintained on a prednisolone dose of 20 mg
daily (range 20-80 mg/d), which was tapered to 7.5
(5-12.5) mg/d (P = 0.004). Alanine aminotransferase
and immunoglobulin-G concentrations decreased from
154 (100-475) to 47(22-61) U/L (P = 0.007), and
from 16 (10-30.2) to 14.5 (8.4-20) g/L (P = 0.032),
respectively. All patients showed improvement of the
liver inflammatory activity, as determined by the Ishak
score (P = 0.016), while the degree of fibrosis tended to
decrease (P = 0.049).
CONCLUSION: The use of low dose tacrolimus can
lead to biochemical and histologic improvement of
inflammation with no progression of the stage of
fibrosis in patients with steroid refractory AIH. Low dose
tacrolimus therapy also allows substantial reduction of
prednisone dose.
© 2007 The WJG Press. All rights reserved.
www.wjgnet.com
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INTRODUCTION
Autoimmune hepatitis (AIH) is mediated by T suppressor
cells that result in cytotoxic reactions against hepatic
cells [1] . Most patients with AIH respond to standard
medical therapy (SMT) consisting of a combination
of corticosteroids and azathioprine (AZA). Patients
with manifest cirrhosis receiving appropriate treatment
experience decreases in the degree of liver fibrosis, and
compared to placebo, the ten-year survival improves[1,2].
The prognosis of patients with AIH is determined
not only by factors existing prior to initiation of medical
treatment, but also to the amount of immunosuppressive
drugs needed to control the disease[1,3]. Approximately
10% of patients with AIH are refractory to treatment
and some patients have severe adverse effects of either
corticosteroids or AZA[4]. Both of these groups are at
high risk of developing progressive liver disease and
decompensated cirrhosis. Currently, there is no consensus
for a pharmacological second line management strategy,
but several alternative immunosuppressive agents have
been used in smaller non-randomised controlled trials
with variable success. Among such drugs, the reported
clinical experience with cyclosporine (CsA), a calcineurin
inhibitor, and mycophenolate mofetil (MMF) in patients
unresponsive to SMT indicates some beneficial effects[5,6].
However, it remains unknown if CsA and MMF or any
other drug, like corticosteroid can prevent or decrease the
degree of fibrosis, i.e. the disease stage.
Tacrolimus is a macrolide immunosuppressant produced
by streptomyces tsukubaensis. Tacrolimus is a potent
calcineurin inhibitor that has multiple effects on the
immune system, mainly inhibition of CD4+ T helper
cells that results in a net inhibitory effect on both B and
T lymphocytes, in theory making it especially suitable for
patients with autoimmune hepatitis.
The wide application of tacrolimus in the transplant
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setting indicates that it may also be of value in patients
with steroid refractory AIH. However, the reported
experience with this immunosuppressive drug in the nontransplant setting is even less than the experience with CsA
and MMF.
In this study, we aimed at determining whether treatment
with tacrolimus is able to decrease the inflammatory activity
and the progression of fibrosis in AIH patients who are
refractory to SMT.

MATERIALS AND METHODS
The diagnosis of AIH was based on the aggregate score
of the International Autoimmune Hepatitis Group
including evaluation of a liver biopsy in all patients [7].
Steroid refractoriness was defined as persistent elevation
of transaminases (twice above the upper limit, i.e. > 90
U/L) despite adequate treatment with prednisolone for at
least 3 months together with AZA or MMF. Prednisone
was initiated at a dose of 40 mg/d, and tapered by 10 mg
every 2 wk if possible. The dose was adjusted according to
the clinical and biochemical response. Slower prednisolone
tapering (5 mg every 2 wk) was considered in patients with
suboptimal biochemical response and in those with relapse.
AZA (1-2 mg/kg per day) and MMF (1 g twice daily) were
initiated 4 weeks after start of prednisolone therapy and
continued for the entire follow-up period.
Liver biopsy and laboratory tests were obtained at
baseline prior to treatment. Laboratory tests were obtained
weekly during the first month of treatment, thereafter at
1-3 mo interval or when the patients reported signs or
symptoms suggestive of relapse or tacrolimus toxicity. The
laboratory tests included alanine aminotransferase (ALT),
immunoglobulin G (IgG), total bilirubin, complete blood
count, albumin, creatinine, urea, electrolytes, and trough
tacrolimus levels.
One liver pathologist (BV) evaluated the liver biopsies
obtained routinely by using a Menghini needle 1.6 under
ultrasound guidance. The biopsies were processed for
histopathological analysis before initiation of tacrolimus
treatment and again after a median of 18 mo (range
12-37). The tissue specimens were fixed in 4% buffered
formalin for at least 24 h and embedded in paraffin. Serial
4-µm thick sections were cut and mounted on glass slides
and stained with a diagnostic panel of histochemical and
immunohistochemical stains, including serial hematoxylin
and eosin stains, PAS with diastase digestion, sirius red,
reticulin, iron, orcein and cytokeratin 7 (CK7). A total of
15 slides were produced, each containing a minimum of 4
sections on each slide, except for the CK7 staining, which
contained only 2 sections.
The tissue sections were evaluated by light microscopy.
The histopathologic diagnosis of autoimmune hepatitis was
confirmed, and each series was assessed for inflammatory
activity according to Ishak et al [8] (Table 1) and the
METAVIR criteria [9,10], including the degree of portal
inflammation, presence of interface hepatitis and the degree
of parenchymal inflammation, as well as for the degree of
fibrosis and architectural changes (i.e. the stage) using the
METAVIR criteria (Table 2).
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Table 1 Grading of the inflammatory activity in chronic hepatitis
according to Ishak et al (the maximum possible scoring is 18)
Score
Portal inflammation
None
Mild, some or all portal areas
Moderate, some or all portal areas
Moderate/severe, all portal areas
Severe, all portal areas
Periportal or periseptal interface hepatitis (“piecemeal necrosis”)
Absent
Mild (focal, few portal areas)
Mild/moderate (focal, most portal areas)
Moderate (continuous around < 50% of tracts or septa)
Severe (continuous around > 50% of tracts or septa)
Focal parenchymal necrosis
Absent
1 focus or less per visual field of 100 × magnification
2-4 foci per 100 × magnification
5-10 foci per 100 × magnification
More than 10 foci per 100 × magnification
Confluent necrosis
Absent
Focal confluent necrosis
Zone 3 necrosis in some areas
Zone 3 necrosis in most areas
Zone 3 necrosis and occasional portal-central bridging
Zone 3 necrosis and multiple portal-central bridging
Panacinar or multiacinar necrosis

0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
5
6

Table 2 Stages according to the METAVIR criteria (Bedossa

et al )

Stage 0
Stage 1
Stage 2
Stage 3
Stage 4

No fibrosis
Mild fibrosis (portal/periportal fibrosis, no septa)
Moderate fibrosis (few septa)
Severe fibrosis (many septa, no cirrosis)
Cirrhosis

Patients were followed up every 1-3 mo in the outpatient
clinic. Tacrolimus was initiated at 1 mg twice daily.
Tacrolimus levels and dose were adjusted according to the
clinical and biochemical response. No therapeutic range was
targeted. But, the goal was to keep the blood tacrolimus
concentration of below 6 ng/mL. Clinical outcome was
assessed at the end of follow-up, including ALT, IgG,
current steroid use, and histological evaluation.
Statistical analysis
Laboratory parameters and scores from liver biopsies at
baseline and at follow-up were described as medians and
ranges and compared using the Wilcoxon test for paired
data. P < 0.05 was considered statistically significant.

RESULTS
Of the 123 consecutive patients with AIH treated in
our tertiary university clinic of hepatology, 9 patients (8
women) with refractory AIH were treated with tacrolimus.
The median patient age was 32 years (range 16-64 years).
All patients fulfilled the IAHG aggregate score criteria for
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Table 3 Clinical characteristics of patients with AIH before tacrolimus treatment
Patient
No.
1
2
3
4
5
6
7
8
9

500
450
400
350
300
250
200
150
100
50
0

Gender
F
F
F
F
F
M
F
F
F

Age
(yr)
64
32
49
20
17
16
55
49
32

Prednisolone
dose
20
20
20
40
20
80
25
20
20

Additional
immonusupression
MMF
AZA
MMF
AZA
AZA
AZA
AZA
AZA
MMF

HLA type
N.A.
DR-3
DR-4,15
N.A.
DR-17, DQ2
DR-7,17
DR-4,13
DR-4,7
N.A.

ALT
(U/L)
271
156
109
102
475
154
100
202
126

IgG
(g/L)
15
29
18
12.3
30.2
16
17
10
16

INR
1.1
1.6
1.1
0.9
1.0
1.5
1.1
1.2
1.1

A

Bilirubin
(μmol/L)
9
30
13
13
146
8
58
15
6

Albumin
(g/L)
37.8
28.0
34.7
43.0
39.1
37.1
37.1
42.2
33.3

Creatinine
(μmol/L)
88
71
85
55
59
65
49
66
68

Follow-up
(mo)
37
20
34
18
13
17
12
12
36

Ishak score

18
16
14
12
10
8
6
4

Before

2

After

Figure 1 Plasma concentration of alanine aminotransferase in 9 patients with
AIH before after 18 (range 12-37) mo treatment with tacrolimus in addition to
prednisolone and azathioprin or mycophenolate mofetil.

0

B

Before

After

Fibrosis score

3.5
3.0

diagnosis of Definite AIH [median score 18 (range 16-19)]
and were refractory to steroids and had significant weight
gain and Cushingoid appearance due to corticosteroid
treatment. Their renal function was normal (Table 3).
Baseline liver biopsies demonstrated ongoing inflammation
with stage 1 to 3 fibrosis.
Tacrolimus was initiated at a median starting dose of
2 (2-4) mg/d and adjusted to achieve a blood tacrolimus
concentration of below 6.0 ng/mL (-3 ng/mL). The
median treatment duration with tacrolimus was 18 mo
(12-37 mo) and the median tacrolimus dose at the end of
follow-up was 3.0 (2.0-4.0) mg/d. All patients remained on
tacrolimus during the entire follow-up period.
Before initiation of tacrolimus treatment, the patients
were maintained on a prednisolone dose of 20 mg daily
(range 20-80 mg/d), this dose was tapped to 7.5 (5-12.5)
mg/d (P = 0.004).
During the study period, a decrease of ALT from
154 U/L (range 100-475) to 47 U/L (22-61) (P = 0.0066)
(Figure 1) and IgG from 16.0 g/L (10.0-30.2) to 14.5 g/L
(8.4-20.0) (P = 0.032) was observed, whereas creatinine
and urea remained within the normal ranges, i.e. 66 µmol/
L (49-88) vs 56 µmol/L (47-89) and 5.4 mmol/L (3-8) vs 4.7
mmol/L (2.7-10.7), respectively.
In the follow-up, liver biopsies obtained after a
minimum of 12 months, improvement of the inflammatory
activity was demonstrated, as determined by the Ishak
score (P = 0.016), and the degree of fibrosis (stage) tended
to decrease (P = 0.049) (Figure 2). Tacrolimus treatment
was well tolerated in all patients without major side effects
such as renal insufficiency, arterial hypertension, headache,
www.wjgnet.com

2.5
2.0
1.5
1.0
0.5
0.0

Before

After

Figure 2 Effect of tacrolimus therapy on inflammatory activity (A) and fibrosis
score (B) at baseline and at the time of follow-up [18 (12-37) mo] in 9 patients with
autoimmune hepatitis.

or generalized edema in the study period going up to 37
mo. Nor did any of the patients develop opportunistic or
serious infections. One patient developed mild tremor that
did not require dose reduction.

DISCUSSION
In the majority of patients with AIH, SMT attenuates
liver inflammation, inhibits the advancement of fibrosis
to cirrhosis and prevents the development of hepatic
decompensation[2]. SMT may even cause regression of
fibrosis or cirrhosis through anti-inflammatory actions
and the effect on fibrogenic compounds[1,4]. Such antifibrogenic action of corticosteroids and AZA is known to
improve the 10 years survival[2]. However, it remains to be
seen whether second line immunosuppressive drugs have
the same efficacy on histology and survival.
The diagnostic criteria of AIH have been reviewed
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and a scoring system proposed by the International
Autoimmune He patitis Group that was based on
demographic, clinical, biochemical and histological data
has been suggested[7]. This aggregate score reflects the
certainty of the diagnosis of AIH and can be applied both
before and after initiation of corticosteroid treatment or
treatment with alternative immunosuppressive drugs as a
useful tool to monitor treatment effect. The patients in this
study all had definite AIH according to this system with a
median score of 18 (range 16-19).
Generally, 10%-20% of AIH patients do not respond
or are intolerant to current SMT with corticosteroids and
AZA[4]. It remains uncertain if addition or replacement
with other immunosuppressive agents can prevent or
improve the fibrosis score in patients with SMT-resistant
AIH. In the cohort of 123 AIH patients from our clinic,
9 patients with SMT-resistant AIH did not respond
sufficiently to the treatment with additional steroid pulse,
MMF and/or CsA. Based upon our experience with liver
grafted recipients, we, therefore, decided to carry out a
salvage treatment attempt using tacrolimus.
Our study demonstrated that steroid refractory patients
with AIH could administer tacrolimus with its blood level
and side effects carefully monitored. The use of tacrolimus
in low therapeutic levels was successful as assessed by
biochemical parameters and inflammatory activity and by
preventing aggravation of the fibrosis. Furthermore, none
of the patients experienced any severe side effects such
as renal impairment, arterial hypertension, diabetes or
headache. These results are largely in accordance with Aqel
et al[11] who reported biochemical remission in 10/11 (91%)
of patients. Aqel et al[11] also reported that 9 patients (83%)
could be completely weaned off steroids. In contrast, we
succeeded in decreasing the prednisolone doses from 20
(20-80) mg to 7.5 (5-12.5) mg, but none of our patients
achieved complete freedom of steroid use. This apparent
discrepancy may be related to the fact that our patients
had more severe disease due to their younger age, higher
aggregate score and insufficient response to treatment with
other second line immunosuppressive drugs.
It could be argued that sampling error during the two
liver biopsies may hamper our conclusion. Though this is
controversial[1,12], we did not see any change or a decline
in the inflammatory activity score in our patients. None
of these cases had a rise in inflammatory activity. Also
the fibrosis score remained unchanged or decreased in all
patients except in one. These findings indicate that it is less
likely that sampling error accounts for our conclusions.
In the early days of the tacrolimus era, Van Thiel
et al[13] studied the application of tacrolimus in 21 newly
diagnosed AIH patients, and remission defined by
improvement in the biochemical biomarkers was obtained
in 18 of the patients, which encouraged the authors to
suggest a randomised, controlled trial. However, a rise in
serum creatinine was noted during the study period and
to our knowledge a randomised controlled trial study was
never carried out. It is likely that the high level of blood
tacrolimus may have accounted for the rise in creatinine in
that study. Using a lower dose of tacrolimus to maintain
the blood tacrolimus concentration below 6 ng/dL allowed
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us to avoid this complication in any of our treated patients
(Table 3).
Heneghan et al[14] used lower doses of tacrolimus in
combination with reduced dose of prednisolone (20
mg/d) and achieved significant improvement in ALT,
bilirubin and albumin levels and in prothrombin time in
6 of 7 patients with severe new-onset AIH. However, the
morphological changes in liver tissue were not evaluated.
In conclusion, tacrolimus therapy can be used in
patients with severe AIH as a salvage therapy. The
treatment seems to prevent progression of hepatic fibrosis
by suppression of inflammation. However, this needs to
be confirmed in a large multicenter randomised trial that
includes patients with steroid refractory AIH. The longterm complications, i.e. beyond 37 mo, associated with
tacrolimus use in this group of patients are unknown
and need to be evaluated. Until such controlled data are
provided, we recommend that the use of tacrolimus should
take place in an institution with extensive experience in
treating transplant recipients.
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Abstract
AIM: To investigate the antifibrotic effects of peginterferonalpha 2b and taurine on oxidative stress markers and
hepatocellular apoptosis.
METHODS: Sixty rats with CCl4-induced liver fibrosis
were divided into 4 groups (n = 15). Group 1 was left
for spontaneous recovery (SR). Groups 2-4 received
peginterferon-alpha 2b, taurine, and their combination,
respectively, for four weeks. Histological fibrosis scores,
histomorphometric analysis, tissue hydroxyproline, tissue
MDA, GPx and SOD activities were determined. Activated
stellate cells and hepatocellular apoptosis were also
evaluated.
RESULTS: The degree of fibrosis decreased in all treatment
groups compared to spontaneous recovery group. Taurine
alone and in combination with peginterferon-alpha 2b
reduced oxidative stress markers, but peginterferon-alpha 2b
alone did not. Apoptotic hepatocytes and activated stellate
cells were higher in groups 2-4 than in group 1. Combined
taurine and peginterferon-alpha 2b further reduced fibrosis
and increased activated stellate cell apoptosis, but could
not improve oxidative stress more than taurine alone.

CONCLUSION: Peginterferon-alpha 2b exerts antifibrotic effects on rat liver fibrosis. It seems ineffective
against oxidative stress in vivo . Peginterferon-alpha 2b
in combination with taurine seems to be an antifibrotic
strategy.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Liver fibrosis, an early stage of cirrhosis, occurs as a
response to chronic injury from many causes, and is
characterized by overproduction and diminished degradation
of extracellular matrix proteins in the sinusoids[1,2]. Excessive
matrix proteins are synthesized primarily by hepatic stellate
cells (HSCs), which activate and acquire a myofibroblast like
phenotype in damaged areas of the liver.
Oxidative stress (OS) is associated with liver fibrosis as
evidenced both in experimental[3-6] and in clinical studies[7].
Therefore, antioxidant treatment approaches have been
studied in a series of experiments. In vitro investigations
and studies on animals have revealed beneficial effects of
antioxidants in terms of reduction in collagen production
and matrix accumulation in the liver[8-11], though, significant
improvements in the degree of fibrosis were not found in
the clinical setting[12].
Interferons (IFNs) are a family of cytokines with
pleiotropic effects on target cells, including induction of
an anti-viral state inhibition of cell growth and modulation
of the immune response [13]. IFN-alpha (2a and 2b) is
the hallmark of treatment in viral hepatitis, which is a
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major cause of liver cirrhosis and hepatocellular cancer
worldwide. Standard IFNs are inferior to the pegylated
interferons (peginterferon) in terms of tolerability and
attaining sustained response rates in patients with viral
hepatitis[14-16]. On the other hand, IFNs display in vitro and
in vivo antifibrotic actions with IFN-alpha being the least
potent[17-21]. It was reported that the antifibrotic effects of
IFN-alpha in rats and patients with hepatitis C virus (HCV)
infection are independent from their antiviral activity, i.e.,
it reduces the degree of fibrosis even when there is no
sufficient antiviral response[10,22]. It was also reported that
IFN-alpha decreases the production of reactive oxygen
species (ROS) in stimulated hepatocytes and HSCs[23], and
inhibits OS in patients with HCV infection[24]. However,
the activity of recombinant IFN-alpha against oxidative
damage has not been confirmed in a rat model of shortterm liver injury[10]. It was reported that peginterferons
increase the rates of sustained response in patients with
viral hepatitis[15,25,26], but their antifibrotic behavior has not
been examined widely.
Taurine is a potent antioxidant which prevents DNA
damage at concentrations normally present in cells[27]. It
was reported that taurine prevents experimental diabetic
neuropathy[28], lead-induced oxidative damage[29], CCl4induced OS[30] as well as experimental liver fibrosis [6,11]
through antioxidant mechanisms.
Reversibility of liver fibrosis has been defined in animals
and proposed to be associated with loss of activated
HSCs mainly through apoptosis in the liver[31,32]. It is also
known that the degree of fibrosis decreases after successful
treatment of viral hepatitis or haemochromatosis, cessation
of alcohol, and biliary decompression [33] . Therefore,
enhancement of spontaneous regression capacity in the
liver may contribute to etiological treatment providing faster
and better reconstitution of liver functions. In this work,
we studied the effects of peginterferon-alpha 2b, taurine
and their combination on hepatic histology, activation and
apoptosis of HSCs, and OS parameters in rat liver fibrosis.
Given the evidence of high regeneration capacity in the liver,
efficacy of both agents was compared with spontaneous
recovery (SR).

MATERIALS AND METHODS
Animals and study protocol
One hundred male Sprague-Dawley rats (250-400 g)
were kept at 20-25℃ in a 12 h light/12 h dark cycle with
free access to food and water. The animals were injected
s.c with 0.2 mL/100 g of CCl4 (dissolved 1:1 in sterile
olive oil) for two consecutive days per week for 12 wk.
Development of fibrosis was confirmed by killing three
animals every 6 wk. A total of 60 animals survived the
induction period and were divided into four groups
(n = 15). Treatment protocols were as follows: group
1 was left for SR for 4 wk without any treatment,
group 2 received 1.5 µg/kg peginterferon-alpha 2b per
week[32], group 3 was treated with 1200 mg/kg taurine[11]
intraperitoneally each day, and group 4 was treated with
a combination of these two agents at the same doses.
At the end of 4 wk of treatment the animals were killed
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under i.p. pentobarbital (Nembutal, Abbott) anesthesia,
and their livers were rapidly removed. Liver samples were
processed for histological and biochemical studies. The
experiments, approved by the Institutional Animal Use
and Care Committee of the Gulhane Medical Academy,
Ankara, Turkey, were performed according to the criteria
of the National Institutes of Health guidelines for the care
and handling of animals.
Assessment of fibrosis
Histological scoring: Liver samples were fixed in 4%
buffered formaldehyde, embedded in paraffin, and stained
with hematoxylin-eosin. Masson’s trichrome staining was
performed for extracellular matrix evaluation. Histologic
evaluation was performed twice by two pathologists blinded
to the protocol on five low-power fields per slide. Modified
Ishak scoring system was used with minor changes in order
to define the degree of fibrosis[34] (Table 1).
Histomorphometric analysis: Percentage of fibrosis
was determined by a computer system composed of the
following components: an IBM compatible computer
running Microsoft Windows NT 4.0 ser vice pack 6
operating system, a light microscope with motorized stage
(Zeiss axioscope, Gottingen, Germany), frame grabber
card (Matrox Meteor, Matrox imaging Dorval, Quebec,
Canada), a digital camera attached to the microscope (Sony
AVT Horn 3 CCD, Tokyo), a 21 inch color video monitor
(Philips, Chungli, Taiwan), and a special image analysis
software (Karl Zeiss KS 400 version 3.0 for Windows,
Zeiss, Gottingen, Germany). With the aid of KS 400 for
Windows, a software using a semiautomatic, interactive
"macro" (a batch file containing all of the instructions to
accomplish a predetermined set of measurements) was
prepared.
Measurement was started with selection of the area
of interest under a plan 2.5X objective. Then, this area
was scanned automatically as a consecutive rectangular
area under a plan 20X objective. The fibrotic areas and
parenchyma were counted separately and summed up by
the software at the end of each measurement. The results
were expressed as the percentage of fibrosis.
Measurement of hydroxyproline: Liver tissue hydroxyproline, which represents a reliable indicator of tissue
collagen content in the liver, was quantified as previously
described [35] . Small modifications in the duration of
incubation of liver tissues in Ehrlich’s solution (35
min at 60℃ instead of 25 min at 60℃) and dissolving
hydroxyproline in the homogenates by concentrated HCl
at 110℃ were applied.
Measurement of oxidative stress
Liver tissue malondialdehyde (MDA), glutathione
peroxidase (GPx) and superoxide dismutase (SOD)
measurements were performed as described previously[36-38]
to determine the oxidative status in the liver specimens.
MDA levels were expressed as nmol/g tissue. GPx and
SOD activities were expressed as U/g tissue dye.
Immunohistochemical tests
Detection of activated stellate cells: Alpha-smooth
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Table 1 Histological scoring model
0
1
2
3
4
5
6

No fibrosis or minimal fibrous expansion of occasional portal areas
Moderate fibrous expansion of some portal areas with short fibrous septae
Moderate fibrous expansion of most portal areas, occasional portal-to-portal bridging
None or minimal expansion of portal areas, porto-portal fibrosis, incomplete bridging nodules
Marked portal fibrosis, portal to portal fibrosis, occasional micronodules
Mild to moderate fibrous expansion in portal areas, micronodules, incomplete cirrhosis
Marked fibrosis in portal areas, macro- and micronodules with thick fibrous septae, complete cirrhosis

Table 2 Results of fibrosis, oxidative stress parameters, activated HSC counts and apoptotic cells in groups 1-4

Histological score
Percentage fibrosis (%)
Hydroxyproline (μg/g wet weight)
MDA (nmol/g tissue)
GPx (U/g tissue)
SOD (U/g tissue)
alpha-SMA (+) cell count
Apoptotic hepatocyte count
Apoptotic activated HSC count

Spontaneous recovery
(n = 15)

Peginterferon-alpha
(n = 15)

Taurine
(n = 15)

Peginterferon-alpha plus
Taurine (n = 15)

5 (5-6)
14.3 ± 0.8
1.03 ± 0.07
47.8 ± 1.0
128 ± 3
343 ± 5
120.0 ± 9.4
19.1 ± 1.0
4.6 ± 0.5

3 (2-4)
7.9 ± 0.5
0.58 ± 0.04
43.3 ± 1.8
168 ± 6
385 ± 8
59.6 ± 2.7
31.3 ± 2.6
14.1 ± 1.5

2 (1-3)
7.9 ± 0.6
0.64 ± 0.03
20.2 ± 0.8
271 ± 13
644 ± 14
46.7 ± 3.5
34.8 ± 3.9
11.0 ± 0.8

3 (2-4)
6.1 ± 0.3
0.32 ± 0.04
18.4 ± 0.6
270 ± 11
619 ± 19
32.6 ± 3.0
43.9 ± 4.0
21.5 ± 2.0

MDA: Malondialdehyde; GPx: Glutathione peroxidase; SOD: Superoxide dismutase; alpha-SMA: alpha-smooth muscle actin.

muscle actin (alpha-SMA) immunostaining was used to
detect and count the activated HSCs[39]. For this purpose,
the tissue samples were stained for monoclonal rat antialpha-SMA (Sigma) with lbeled streptavidin-biotin (LSAB,
Dako) complex method as described elsewhere[31], and
analyzed by two blinded observers for the number of
apoptotic HSCs in 30 random high-power fields in each
specimen.
Detection of apoptotic hepatocytes and hepatic stellate
cells: Hepatocytes and activated HSCs undergoing
apoptosis were detected by terminal deoxynucleotidyl
transferase-mediated dUTP nick end-labeling (TUNEL)
staining[11,31] using a commercial ready-to-use kit (In situ
cell death detection kit, AP, Roche Diagnostics, Germany)
as previously described[32]. Slides were analyzed by two
blinded observers who counted the number of TUNEL
positive hepatocytes and HSCs in 30 random high-power
fields from each specimen.
Statistical analysis
Parametric results were expressed as mean ± SE, and
the significance of differences was assessed by one-way
ANOVA and Tukey’s HSD as post hoc. Nonparametric
results (histological scores) were expressed as median and
percentiles (25%-75%) and assessed by Mann-Whitney
U test. Correlation analysis was assessed with Pearson
Correlation procedure. The differences were accepted as
statistically significant when P value was less than 0.05.

RESULTS
Effects on fibrosis
Histological scores: Peginterferon-alpha 2b (group 2),
taurine (group 3) and their combination (group 4) reduced

fibrosis scores when compared to SR group (group 1)
(P < 0.01) (Table 2). Fibrosis scores were similar in groups
2-4. Combination treatment did not reduce fibrosis scores
compared to individual treatments. The histological
sections of fibrotic rat livers from four groups are shown
in Figure 1.
Histomorphometry: The percentage of fibrotic areas was
lower in groups 2-4, in line with histological scores and
hydroxyproline measurement than in group 1 (P < 0.01),
whereas it was similar in individual treatment groups.
Combined treatment reduced percent fibrosis significantly
when compared to peginterferon-alpha 2b or taurine alone
(P < 0.05) (Table 2).
Hydroxyproline: Liver tissue hydroxyproline decreased in
groups 2-4 when compared to group 1 (P < 0.01) (Table 2).
Hydroxyproline contents were similar in groups 2 and 3.
Combination treatment reduced tissue hydroxyproline
more significantly than individual treatments (P < 0.05 and
P < 0.01 for combination vs peginterferon-alpha 2b and
taurine, respectively).
Effects on oxidative stress
Compared to group 1, liver tissue MDA levels decreased,
and GPx and SOD activities increased in groups 3 and 4
(P < 0.01), but not in group 2 (Table 2). Similar results
were also obtained in groups 3 and 4 when compared to
group 2 (P < 0.01). Decrease in MDA and increase in GPx
and SOD activities in groups 3 and 4 were comparable.
Correlation analysis
We evaluated the predictive value of histological fibrosis
scores or OS markers regarding hydroxyproline content
and found that the amount of liver tissue hydroxyproline
content correlated with the percentage of fibrosis and
www.wjgnet.com
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C

D

histological score as well as tissue MDA, GPx and SOD
(P < 0.05).
Effects on the number of alpha-smooth muscle actin
positive HSCs
The number of alpha-SMA (+) HSCs was lower in groups
2-4 than in group 1 (P < 0.01). Groups 2 and 3 had similar
alpha-SMA (+) HSC counts (P > 0.05) (Table 2). The
number of alpha-SMA (+) HSCs was lower in group 4
than in group 2 (P < 0.05), whereas no difference was
found between groups 4 and 3 (P > 0.05).
Effects on the number of apoptotic hepatocytes and
activated hepatic stellate cells
TUNEL positive hepatocytes were comparable in groups
2 and 3 (Table 2). The number of hepatocytes undergoing
apoptosis was higher in groups 2-4 than in group 1
(P < 0.05, respectively). The apoptotic hepatocyte number
was also higher in group 4 than in group 2 (P < 0.05).
There was no difference between groups 3 and 4.
The number of alpha-SMA (+) apoptotic HSCs (dually
stained with anti-alpha-SMA and TUNEL technique)
was increased in groups 2-4 in comparison with group 1
(P < 0.05). The sinusoidal lining as well as activated and
apoptotic stellate cells are shown in Figure 2. Combined
treatment increased activated HSC apoptosis more
significantly than either peginterferon-alpha 2b or taurine
alone (P < 0.01). Apoptotic HSC count was similar in
groups 2 and 3.
The cause(s) and therapeutic alternatives for liver
fibrosis are shown in Figure 3.

DISCUSSION
In the present investigation, peginterferon-alpha 2b and
www.wjgnet.com
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Figure 1 Sections of fibrotic
rat livers from four groups.
A: Mild-moderate fibrousexpansion in portal areas
and several micronodules in
group 1 (Masson’s trichrome
stain, × 100); B: Moderate
expansion of portal areas
and porto-portal fibrosis in
group 2 (Masson’s trichrome
stain, × 200); C: Moderate
fibrous expansion of most
portal areas and porto-portal
bridging in group 3 (Masson’
s trichrome stain, × 200); D:
Mild fibrous expansion of
some portal areas in group
4 (Masson’s trichrome stain,
× 200).

taurine improved experimental liver fibrosis in an equal
pattern, and their combination yielded further benefits.
Improvement of fibrosis in the liver was accompanied
with decrease in OS as well as increase in the number of
activated HSCs undergoing apoptosis. This study was
designed to investigate the therapeutic efficacy, but not the
preventive effects of peginterferon-alpha 2b and taurine in
chronically injured liver.
Involvement of OS in activation of HSCs and
initiation of liver fibrosis has been well described [40,41].
Moreover, an increased state of oxidative activity[24,42-44] and
decreased antioxidant levels[45] have also been shown in
patients with chronic HCV infection and cirrhosis. Upon
injury, major reactive oxygen intermediates (ROIs) and
aldehydic end products of lipid peroxidation, which are
released by injured hepatocytes and activated inflammatory
cells such as neutrophils, macrophages and Kupffer
cells, deteriorate cellular signal transduction as well as
proliferative and functional responses[46]. Macrophages,
known to activate with a variety of stimuli including
exposure to abnormally deposited collagenous matrix[47-49],
have recently been shown to play an important role in both
fibrogenesis and its resolution in the liver. It was reported
that ROIs released by these cells can limit activation of
cytotoxic lymphocytes by IFN-alpha [50], suggestive of
usefulness of antioxidants, such as taurine, in enhancing
immunostimulatory efficiency of this agent.
In chronic liver diseases, an imbalance occurs between
the antioxidant defenses and OS, which may result in
cytotoxicity, apoptotic cell death and fibrosis[51]. It was
reported that several antioxidants can prevent activation
of HSCs, decrease collagen synthesis and improve fibrosis
in the liver of animals[9-11,52]. However, the results provided
by clinical trials with antioxidants are less impressive[53], in
particular, when histological changes are concerned[7,12,54].
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Figure 2 Activated
and apoptotic hepatic
stellate cells. A: α-SMA
(+) stellate cells in the
sinusoids in a section
from group 3 (arrows)
(× 200); B: Apoptotic
activated stellate cells
positively stained with
TUNEL technique in
the sample from group
2 (arrows) (× 200).

B

Cholestasis and/or environment
Liver fibrosis
inducer(s)

Alcohol,
Viruses
(HBV, HCV)

Cholestasis

Ionizing
radiation

Liver fibrosis
Fate
TGF-β1
Signaling
blockage

Anifibrotic
approaches

[66]

Smad7
[67]
PDGF-B
[68]
S-TβRⅡ, BMP-7

Cirrhosis
HCC

Peginterferon-α
Lamivudine
Adefovir
Tenofovir
Entecavir
Ribavirin
UDCA
...
Taurine

Nevertheless, marked improvements in OS parameters
reported in experimental studies indicate that these agents
work in the liver. But, to get clearer results on fibrosis,
optimal starting time, dose and duration of the treatment
should be fully established. Of note, more potent
antioxidants and combined treatment approaches with
agents with proven antifibrotic activity might also be more
useful.
Taurine is a potent antioxidant which has been shown
to improve liver histology in experimental conditions
mainly through decreasing the production of ROS[6,11]. The
present study confirms the previous findings that showed
taurine’s ability to exert an antioxidant activity at the tissue
level in fibrotic rat livers. Therefore, histological recovery
in the taurine-treated group in the present study could be
attributed to the decrease in OS. Indeed, increased levels
of OS markers exist not only in the early stages of liver
diseases but also in advanced states such as cirrhosis[43].
Moreover, although experimental studies have revealed
controversial results[55], it is possible that natural defense
mechanisms against oxidant injury may fail to prevent
progression of the disease further. Thus, attempts to

TGF-β1
Signaling
blockage
[69]

Smad3

Figure 3 Working hypothesis:
cause(s) and therapeutic alternatives
for liver fibrosis. In the present study,
a combined peginterferon-α plus
taurine treatment for fibrotic livers
was applied successfully. Though
different etiologies are responsible for
chronic liver diseases, viruses and
alcohol prevail worldwide. Our results
can represent a therapeutic option to
prevent progression of the underlying
disease to fibrosis in the liver.
Other experimental models are also
presented including TGF-β1 signaling
blockage by Smad7 overexpression[66],
PDGF-B [67], and a soluble receptor
TGF-β2 (TβRⅡ) and BMP-7[68]. Liver
fibrosis affected by ionizing radiation
can be inhibited by Smad knock out
[Smad3 (-)][69].

decrease OS even in the advanced stages of liver diseases
could be beneficial. However, Look et al [12] reported
that decreases in markers of OS is not accompanied
with histological improvement, though the duration of
treatment in their study was relatively short for adaptation
of antioxidant systems.
Since there is evidence that supports the existence
of an increased oxidative status in patients with chronic
viral hepatitis [42,43] , several authors have studied the
effects of IFN treatment on the parameters of OS. In
dimethylnitrosamine-induced liver fibrosis, recombinant
IFN-alpha was found to exert no significant antioxidant
activity[10]. In contrast, Lu et al[23] have reported in vitro
antioxidant effects of IFN-alpha on isolated rat
hepatocytes and HSCs. Though the exact mode of
antifibrotic action of IFN-alpha has not been fully
elucidated to date, a so called direct antioxidant effect
may also be involved in the mechanism of its antifibrotic
features. However, the present in vivo investigation also
confirms that peginterferon-alpha 2b does not display any
effect on markers of OS in the liver.
Our results indicate that combination of peginterferonwww.wjgnet.com
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alpha 2b with taurine could result in significant
improvement in the degree of fibrosis, but could not
enhance the resultant antioxidant efficacy. Several
experimental and clinical studies partly confirming our
results have previously addressed the biochemical and
histological changes after treatment with IFN-alpha
combined with antioxidants. Addition of N-acetylcysteine
could not result in further decrease in liver collagen
content in dimethyl nitrosamine-induced rat fibrosis[10].
In a pilot study, similar results were also found in patients
with HCV infection treated with standard IFN-alpha plus
antioxidants. But, no further decrease was observed in
the serum markers of OS when compared to IFN-alpha
alone[12]. However, a decrease in OS correlated with fibrosis
grade has been reported in IFN-alpha plus antioxidanttreated hepatitis C patients[24]. These contradictory reports
suggest that more reliable data are needed regarding the
clinical expression of IFN effects over oxidative damage.
Moreover, as yet there is no clinical study on combination
of peginterferon-alpha 2b with an antioxidant.
It was reported that liver fibrosis can regress spontaneously mainly through increased rate of apoptosis
of activated HSCs[31]. Therefore, inducing apoptosis of
activated HSCs in the liver might be an effective treatment
approach. It has been shown that taurine acts as an
antiapoptotic agent in some types of cells under different
conditions[56,57]. However, no effect on isolated HSCs[58]
and even in vivo proapoptotic effects[11] were reported.
Also in the present study, taurine induced apoptosis of
hepatocytes and activated HSCs in the resolution period
of liver fibrosis, which possibly resulted from the decrease
in the degree of OS. ROIs released from resident liver
cells and activated inflammatory cells like macrophages
are potential inducers of apoptosis in the healing liver.
While severe OS results in rapid cell necrosis, less severe
OS has been suggested to cause liver cell apoptosis[51],
which is a desired and a proposed condition in recovery of
liver fibrosis[31]. Therefore, reducing OS may prevent liver
cell loss by necrosis, but induce programmed death of
phenotypically changed cells in the liver.
There is also a delicate interaction of ROIs with nitric
oxide (NO), which is produced by liver cells, including
HSCs, as well as other cell types such as macrophages in
conditions with chronic inflammation[59]. NO can reduce
liver injury by deceasing generation of OH[60] and lipid
peroxidation products [61] with a so-called antioxidant
activity. However, in the states of increased OS where high
levels of ROIs are present, NO can interact with ROIs
to produce cytotoxic compounds[61]. Similarly, increased
levels of NO can lead to apoptosis of several cell types
in the presence of superoxide anions that react with NO
to produce peroxynitrite, which seems to be an inducer
of apoptosis[59,62]. It was reported that NO synthesis is
up-regulated in vitro in IFN-alpha treated monocytes
through induction of nitric oxide synthase[63]. It was also
reported that IFN-treated HCV patients have significantly
higher nitric oxide synthase activity in their mononuclear
cells, and serum nitrite and nitrate levels are increased
in IFN-alpha responder patients [64]. Moreover, though
activated HSCs play an in vitro direct antiapoptotic role
in liver diseases[65], IFN-alpha-associated increase in NO
www.wjgnet.com
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concentration might induce apoptosis of these cells. The
increased number of hepatocytes and HSCs undergoing
apoptosis in peginterferon-alpha 2b and taurine-treated
animals as well as in the combined treatment group in
our study seems to be associated with multiple, but as yet
unidentified mechanisms.
In conclusion, the results of this study indicate that
peginterferons, like the conventional IFNs, effectively
reduce fibrosis in a rat model of liver fibrosis. But,
peginteferon-alpha 2b has no antioxidant action. The
reduction in OS is accompanied with an increase in
activated HSC apoptosis. The additive antifibrotic
effects of peginterferons with taurine may have clinical
implications.
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INTRODUCTION
Abstract
AIM: To identify and evaluate the relative impact of

H pylori infection and other risk factors on the occurrence
of gastric ulcer (GU), duodenal ulcer (DU) and gastritis
in Turkish patients.

METHODS: A total of 4471 patients (48.3% female) out
of 4863 attended the Samatya hospital in Istanbul (June
1999 - October 2003) were included. The records of
H pylori status (CLO-test), endoscopic findings of GU, DU
and gastritis, personal habits (smoking, alcohol intake)
and medication [non-steroidal anti-inflammatory drugs
(NSAIDs), aspirin intake] were analyzed using multi-way
frequency analysis.
RESULTS: We have found that GU in the presence of

H pylori had significant association with aspirin (P =
0.0001), alcohol (P = 0.0090) and NSAIDs (P = 0.0372).
DU on the other hand had significant association with
aspirin/ smoking/NSAIDs (P = 0.0259), aspirin/alcohol
(P = 0.0002) and aspirin/smoking (P = 0.0233), also
in the presence of H pylori . In the absence of H pylori
GU had significant association with alcohol/NSAIDs (P
= 0.0431), and NSAIDs (P = 0.0436). While DU in the
absence of H pylori had significant association with
smoking/alcohol/ NSAIDs (P = 0.0013), aspirin/NSAIDs (P
= 0.0334), aspirin/alcohol (P = 0.0360).

CONCLUSION: In the presence of H pylori , aspirin,
alcohol and NSAIDs intake act as an independent
risk factors that had an augmenting impact on the
occurrence of GU and only together on the occurrence of
DU in Turkish patients.
© 2007 The WJG Press. All rights reserved.

Among the variety of human infections, H pylori infections
are one of the most common infections. It is generally
accepted that several factors are involved in the etiology
of peptic ulcer disease (PUD). Earlier studies, which were
based only on interview survey and mailed questionnaire,
correlated the effect of risk factors, but not H pylori with
the occurrence of PUD. In one study conducted in the
United States, increasing age, lower income, educational
status and smoking were the main risk factors associated
with PUD[1]. Similarly in Norway, age and smoking were
the important factors[2]. However, Aldoori et al[3] did not
find smoking to be a substantial risk factor of duodenal
ulcer.
Since there is variability in the geographic distribution
of H pylori infections, this might sug gest that risk
factors involved in the occurrence of peptic ulcer also
varies among different populations[4]. In several clinical
and epidemiological studies risk factors for PUD were
attributed to H pylori infection, non-steroidal antiinflammatory drugs (NSAIDs) intake and smoking. In
a recent study[5], tobacco smoking and H pylori infection
were found to be the main risk factors for PUD in Danish
adults. Kurata and Nogawa [6] in a meta-analysis report
showed that 89%-95% of PUD might be attributed to
NSAIDs use, H pylori infection and cigarette smoking.
So far few population-based studies that correlate the
effect of H pylori with other PUD risk factors are being
reported. Also the incidence and risk factors for PUD in
Turkey have not been well defined. Our objectives were
to identify and evaluate the relative impact of each single
risk factor, smoking, alcohol, NSAIDs or aspirin intake
(in the presence or absence of H pylori infection) on the
occurrence of gastric ulcer (GU) and duodenal ulcer (DU)
in Turkish patients.
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MATERIALS AND METHODS
Patients
Four thousand four hundred and severnty one patients
out of 4863 (83% were out-patients) who have attended
the endoscopy unit at the Samatya Hospital in Istanbul
during the period from June 1999 to October 2003 were
included in this study. The mean age ± SD was 48.2 ±
14.7 years with a range of 16-83 years (48.3% female). A
questionnaire form was filled out for each patient before
endoscopy and the data were saved. The main complaints
documents by patients were dyspepsia, abdominal pain,
vomiting, nausea and acidity. Patients, who were on
medications (antibiotics, proton pump inhibitors) for the
last 2 mo, follow up patients and those who had both DU
and GU were excluded. Only the records of patients who
under went upper gastroendoscopy for the evaluation of
gastroduodenal changes were included and from those,
antral biopsies were taken for CLO-test. The records for
the assessment of H pylori infections status (CLO-test),
the endoscopic findings of GU, DU and gastritis, personal
habits of smoking (> 10 cigarettes/d), alcohol intake [>
3 alcoholic (no wine) drinks/d] and medication (NSAIDs,
aspirin intake) were analyzed.
Statistical analysis
Relationships between two or more discrete variables
are studied through multi-way frequency analysis or
an extension of it called log-linear analysis [7,8]. It is an
extension of the familiar chi-square test for independence
in two-way contingency tables. A log-linear model is
developed where an additive regression-type equation is
written for (the log of) expected frequency as a function
of the effects in the design. The procedure is similar to
multiple-regression where a predicted dependent variable is
obtained by combining the effects of several independent
variables. A full (saturated) model includes all possible
effects in a multi-way frequency analysis. For saturated
models, one can request either parameter estimates or
tests of partial association. We have considered the
partial associations instead of a parameter estimates as an
alternative way of testing effects. The overall goodnessof-fit of a model is assessed by comparing the expected
frequencies and the observed cell frequencies for each
model. The Pearson Chi-square statistic or the likelihood
ratio (G2) can be used to test a models fit. However, the
G2 is more commonly used because it is the statistic that is
minimized in maximum likelihood estimation and can be
partitioned uniquely for more powerful test of conditional
independence in multi-way tables.

RESULTS
H pylori infection detected by the CLO-test was positive
in 2805 (62.7%) out of 4471 patients. The prevalence of
infection and the incidence of peptic ulcers and gastritis
among male and female patients were shown in Table 1.
The prevalence of H pylori infection was significantly
higher in DU patients than those in GU (74.8% vs 62.8%),
but not gastritis patients. Male patients (65.6%) had
significantly higher incidence of peptic ulcers than female
www.wjgnet.com
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Table 1 The prevalence of H pylori , social habits (smoking,
alcohol intake) and medication (NSAIDs, aspirin intake) among
peptic ulcers and gastritis patients n (%)
Disease

H pylori (+) Smoking

DU (n = 826)
M = 541
F = 285

618 (74.8)
391 (72.3)
227 (79.6)

237 (28.7)
191 (35.3)
46 (16.1)

GU (n = 207)
M = 137
F = 70

130 (62.8)
85 (62.0)
45 (64.3)

57 (27.5)
45 (32.8)
12 (17.1)

G (n = 3160)
M = 1351
F = 1809

1896 (70.7)
807 (59.7)
227 (12.5)

Total (n = 4193) 2644 (63.1)
M = 2029
1283 (63.2)
F = 2164
499 (23.0)

Alcohol

NSAID

Aspirin

68 (8.2) 211 (25.5)
64 (11.8) 138 (25.5)
4 (1.4)
73 (25.6)

45 (5.4)
36 (6.7)
9 (3.2)

19 (9.1)
19 (13.9)
0 (0)

19 (9.1)
16 (11.7)
3 (4.3)

54 (26.0)
28 (20.4)
26 (37.1)

626 (19.8) 159 (5.0) 687 (21.7)
373 (27.6) 141 (10.4) 264 (19.5)
253 (14.0) 18 (1.0) 423 (23.4)

79 (2.5)
43 (3.2)
36 (2.0)

920 (21.9) 246 (5.9) 952 (22.7) 143 (3.4)
609 (30.0) 224 (11.0) 430 (21.2) 95 (4.7)
311 (14.4) 22 (1.0)
522 (24.1) 48 (2.2)

NSAID: non-steroidal anti-inflammatory drug; n: number tested; DU:
duodenal ulcer; GU: gastric ulcer; G: gastritis; M: male; F: female.

patients (34.4%). The frequencies of social habits (smoking,
alcohol intake) and medication (NSAIDs and aspirin
intake) among male and female patients were also shown
in Table 1. Smoking and alcohol intake were significantly
higher among male patients than females (34.8% vs 15.7%
and 12.2% vs 1.1% respectively) and similarly for aspirin
(7.6% vs 3.3%), but not for NSAIDs intake (24.5% vs
27.8%). No significant differences were found in the above
risk factors among the DU and GU patients.
The association of GU, DU or gastritis with the risk
factors smoking, alcohol, NSAIDs and aspirin intake in
the presence or absence of H pylori was shown in Table 2.
We have found that GU in the presence of H pylori had
significant association with aspirin (P = 0.0001), alcohol
(P = 0.0090) and NSAIDs (P = 0.0372). DU on the other
hand had significant association with aspirin/smoking/
NSAIDs (P = 0.0259), aspirin/alcohol (P = 0.0002) and
aspirin/smoking (P = 0.0233), also in the presence of
H pylori. In the absence of H pylori GU had significant
association with alcohol/NSAIDs (P = 0.0431), and
NSAIDs (P = 0.0436). While DU in the absence of
H pylori had significant association with smoking/alcohol/
NSAIDs (P = 0.0013), aspirin/NSAIDs (P = 0.0334),
aspirin/alcohol (P = 0.0360).
The distribution pattern of the social habits (smoking
and alcohol) and medication (NSAIDs and aspirin intake)
among different age groups (teens, twenties, and so on)
in this study was as follows: There was an increase in the
pattern of intake of the above factors with increased age
among male patients, but smoking and alcohol intake
habits appeared to decline with increasing age (data not
shown).

DISCUSSION
H pylori infection is known to be very common worldwide.
However, only a small percentages of the infected
population develop PUD. Several risk factors such as
smoking, alcohol, NSAIDs and aspirin intake are shown
to play a role in the disease outcome. The characterization
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Table 2 The partial association of the risk factors: smoking, alcohol, NSAIDs and aspirin intake with H pylori (+) or (-) peptic ulcers
and gastritis
GU (risk factor)

2

G

P -value DU (risk factor)

Hp+, aspirin

14.65

0.000

Hp+, aspirin, smoking, NSAID

Hp+, alcohol

6.81

0.009

Hp+, aspirin, alcohol

Hp+, NSAID

4.34

0.037

Hp+, aspirin, smoking

Hp-, alcohol, NSAID

4.09

0.043

Hp-, smoking, alcohol, NSAID

Hp-, NSAID

4.07

0.044

Hp-, aspirin, NSAID
Hp-, aspirin, alcohol

2

P

4.96

2

Gastritis (risk factor)

G

P

0.026

Hp+, aspirin, smoking, NSAID

5.1

0.024

13.53

0.000

Hp+, aspirin, alcohol

3.92

0.048

5.14

0.023

Hp+, smoking

4.7

0.03

10.31

0.001

Hp+, aspirin

5.81

0.016

4.53
4.4

0.033
0.036

Hp-, smoking, alcohol, NSAID
Hp-, aspirin

9.89
7.5

0.02
0.006

G

G2: likelihood ratio Chi-square (γ = 1); GU: gastric ulcer; DU: duodenal ulcer; Hp: H pylori; NSAID: non-steroidal anti-inflammatory drug.

of these factors according to their strength of effect was
found to vary among different populations[5,6]. Schlemper
et al[4] indicated that the proportion of ulcers that can
be attributed to H pylori infection is likely to be higher
in countries where H pylori infection is more common
(e.g. Japan). They showed that H pylori had greater impact
on ulcer morbidity in the Japanese than in the Dutch
population.
According to clinical observations smokers were found
more likely to develop ulcers that are difficult to heal and
had higher incidence of relapses[9]. Thus smoking although
not an independent ulcerogen, may act by augmenting the
harmful effects of H pylori, both by adversely affecting
upper g astrointestinal mucosal protection and by
increasing the risk of H pylori infection[4,5,9]. It was reported
that smoking more than 15 cigarettes per day compared
with never smoking increased the risk of a perforated
ulcer more than threefold[10]. Recent studies also showed
a significant modification effect between smoking and
H pylori infection, and sug gested that smoking only
increases the risk of peptic ulcers in those who were
infected with H pylori[5,10]. Similarly Johnson et al[2] reported
that cigarette smoking is an important risk factor for
peptic ulcer. In this study smoking showed no significant
association with GU in the presence or absence of H pylori
as it appeared for DU. This might be attributable to the
fact that smoking had no direct contact with the gastrointestinal tissue and also to the high regenerating power
of the gastric epithelium that renders such effect to
be negligible. In addition, smoking did not act as an
independent risk factor for DU, but did together with
other risk factors. This further substantiates the fact that
smoking had significant modifying and augmenting effect
on such patients. Everhart, et al[1] in a population-based
sample of 42 392 individuals responded to questions
regarding doctor-diagnosed ulcers concluded that smoking
in the absence of H pylori might be a stronger risk factor
for chronic ulcers than for new ulcers.
Bytzer and Teglbjaerg[11] reported earlier that 12% of
DU patients were H pylori-negative at entry and showed
no differences according to H pylori status for a number
of clinical and demographic characteristics. Such patients
had a shorter history of ulcer symptoms and were more
likely to be NSAIDs users. In another report[12], it was
shown that NSAIDs is also a risk factor for ulcer bleeding
and that such risk was reduced in the presence of H pylori.

Sakamoto et al [13] also showed that NSAIDs including
loxoprofen increase the risk of upper gastrointestinal
bleeding in Japan as in Western countries and found no
evidence of biological interaction between NSAIDs and
H pylori infection. Our results showed that NSAIDs intake
as an independent risk factor or in association with other
risk factors had significant association with GU in the
presence or absence of H pylori. For DU, NSAIDs intake
only with other risk factors showed a significant association
despite the presence or absence of H pylori. Rosenstock
et al[5], however, found no association between NSAIDs use
and PUD. It is well known that H pylori infection is highly
associated with DU (95.7%) and GU (87%) and only 1.6%
of DU and 4.1% of GU were not associated with either
H pylori infection or NSAIDs use[14]. Differences in the
applied methods of analysis might be the reason for such
controversy.
The use of aspirin is another risk factor for the
development of peptic ulcers. Recently it was shown that
low-dose aspirin was found commonly associated with
ulcer bleeding[12]. Aspirin intake in this study showed a
similar association pattern to NSAIDs intake. Aspirin
intake as an independent factor showed highly significant
association with GU in the presence of H pylori. Aspirin
also showed significant association with DU only when
other risk factors are involved and regardless of the
presence or absence of H pylori.
A possible explanation for the similarity in the
association pattern between NSAIDs and aspirin intake
might be the fact that although these agents makes direct
contact with the gastric epithelium, its high regenerating
power renders NSAIDs and aspirin alone to cause no
severe damages in the absence of H pylori. The gastric
mucosa is known to be capable of repair after mucosal
injury by re-epithelialization. This is achieved by sloughing
off the damaged cells, rapid migration of viable cells and
by cell proliferation to replace the dead cells[15]. Although
aspirin is known to cause GU in the absence of H pylori,
the very low numbers of H pylori negative GU cases in this
study might be the reason for not detecting a significant
association between aspirin intake and GU.
Although some earlier reports indicated that alcohol
intake might reduce the occurrence of peptic ulcers, this
was not confirmed by other studies [5]. It was reported
that alcohol consumption, particularly wine consumption
may reduce the odds of active infection with H pylori[16].
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Brenner et al[17] also indicated that alcohol has a protective
effect of consumption against active infection with H pylori.
Excessive alcohol intake, however, was shown to increase
peptic ulcers[5]. Drinking more than 42 drinks per week
increased the risk of a bleeding ulcer fourfold compared
with drinking less than one drink per week[10]. Our results
showed that alcohol intake was not an independent factor
only when other risk factors involved revealed a significant
association with GU and DU irrespective of the presence
or absence of H pylori. This also indicates that alcohol
plays a role in the development of peptic ulcers. The
differences in the social habits of smoking and alcohol
intake among the Turkish patients might be the reason for
the significant prevalence of DU and GU in male patients
than in female patients.
In conclusion, the analysis conducted in this study
showed that in the presence of H pylori, aspirin, alcohol
and NSAIDs intake act as independent risk factors that
had an augmenting impact on the occurrence of GU.
However, only together was such impact observed in the
occurrence of DU in Turkish patients.
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Abstract
AIM: To evaluate the efficacy of a new nuclear imaging
Infecton (Tc-99m ciprofloxacin) for the diagnosis of acute
cholecystitis.
METHODS: Sixteen patients thought to have acute
cholecystitis were included in this study. The diagnosis of
acute cholecystitis was made based on clinical symptoms
and ultrasonographic and pathologic findings.
RESULTS: The 16 patients were composed of 12 acute
and 4 chronic cholecystitis patients. Twelve patients with
acute cholecystitis were image-positive, including one
false-positive. Four patients with chronic cholecystitis
were image-negative, of whom three were true-negative.
This nuclear imaging had a sensitivity of 91.7%, a
specificity of 75%, a positive-predictive value of 91.7%,
and a negative-predictive value of 75%.
CONCLUSION: Tc-99m ciprofloxacin imaging is easy
to perform and applicable for the diagnosis of acute
cholecystitis.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Acute cholecystitis is one of the most common and major
complications of gallstones. In most cases, the diagnosis
of acute cholecystitis is made by ultrasonography and/
or biliary scintigraphy. Although biliary scintigraphy
has superior diagnositic accuracy compared with
ultrasonography, ultrasonography is extensively used for
the diagnosis of acute cholecystitis[1].
Ultrasonography is a useful diagnostic method for acute
cholecystitis. It can identify gallstones and abnormalities
of the biliary tree, such as ductal dilatation, gallbladder
wall thickening, or pericholecystic fluid. But the sensitivity
of the ultrasonography is low for sludge, common bile
duct stone, and severe inflammation of the gallbladder.
The biliary scintigraphy is a non-invasive examination and
demonstrates the anatomical structure and function of the
liver, gallbladder, biliary tree and duodenum. Although it is
highly sensitive and specific for the acute cholecystitis, it is
not applicable to emergent or seriously ill patients because
it requires longer time of examination.
In this study, we introduced the Tc-99m ciprofloxacin
(Infecton) scan in the diagnosis of acute cholecystitis.
This radiopharmaceutical consists of the synthetic broadspectrum quinolone antibiotic, ciprofloxacin, linked to
the radiochemical technetium-99m. Ciprofloxacin is a
broad-spectrum, commonly used antibiotic and active
against both gram-positive and gram-negative bacteria.
The main aim of this study was to evaluate the efficacy of
Tc-99m ciprofloxacin imaging for the diagnosis of acute
cholecystitis.

MATERIALS AND METHODS
Sixteen patients diagnosed as having acute or chronic
cholecystitis based on the clinical and ultrasonographic
findings were included in this study. The diagnosis of
acute cholecystitis was made according to the clinical
symptom, leukocytosis (> 10 000/mm3), wall thickening
on the ultrasonography and the pathologic findings.
The ultrasonographic criteria for the diagnosis of acute
cholecystitis were a positive Murphy’s sign, gallbladder wall
thickness > 4 mm and gallbladder-measuring > 5 cm in
length. All patients gave their informed consent.
We used a custom-formulated Tc-99m ciprofloxacin
kit. Two miligrams of ciprofloxacin were mixed with
stannous tartrate as a reducing agent in a 10 mL sterile
serum vial, and dissolved on a vortex-gene (a shaker) for
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Table 1 Clinical diagnosis of acute cholecystitis and
Ciprofloxacin imaging results
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RESULTS
The patients were composed of 4 males and 12 females
with age ranging from 22 to 69 years. Twelve images
were positive, and four were negative. No adverse
reactions occurred following the administration of the
radiopharmaceuticals to the patients.
All 16 patients underwent surgical intervention with
laparoscopic or open cholecystectomy. Twelve patients
were diagnosed as having acute cholecystitis based on
clinical symptoms, radiological and pathological reports,
and 4 patients diagnosed as having chronic cholecystitis.
Normal images showed high uptake in the kidneys with
excretion to urinary bladder and moderate uptake in the
liver and spleen. No uptake was observed in the bone or
bone marrow. Abnormal images showed diffuse uptake
at the sites of gallbladder (Figure 1). Of the 12 positive
images, 11 were diagnosed as acute cholecystitis (Figure 1),
one positive image was considered false-positive which
had been on antibiotics for 5 d and acute inflammation
subsided at the time of imaging. Of the 4 negative images,
3 were diagnosed as chronic cholecystitis (Figure 2) and 1
was diagnosed as acute cholcystitis (Table 1).
From these results, it was calculated that this imaging
had a sensitivity of 91.7% (11/12), a specificity of 75%
(3/4), a false-positive value of 25% and a false-negative
value of 8.3% for detecting acute cholecystitis. We found
that this imaging had a positive-predictive value of 91.7%,
and a negative-predictive value of 75%.

DISCUSSION
As for the causes of acute cholecystitis, acute calculous
cholecystitis occupies 90%-95% while acute acalculous
cholecystitis covers the remaining 5%-10% [2] . Up to
now, ultrasonography and hepatobiliary scintigraphy
are considered th e mo st useful dia gn o stic tests.
Ultrasonography is the initial diagnostic method of choice
for biliary tract disease, especially in critically-ill patients.
www.wjgnet.com
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Ultrasonography is 90%-95% sensitive for gallstones.
But the sensitivity of ultrasonography is low for sludge,
common bile duct stone and severe inflammation of
gallbladder[3]. The computed tomography is frequently
used in the evaluation of biliary tract disease and other
suspected intra-abdominal pathology. It is less useful
than ultrasonography in evaluation of gallstone due to
its lower sensitivity for gallbladder or common bile duct
stones [4,5]. Yet, it is useful in evaluating complications
of gallstone diseases. The diagnostic value of biliary
scintigraphy is significantly superior to that of ultrasound
for acute cholecystitis [1] . The biliary scintigraphy is
commonly used to diagnose acute cholecystitis or bile
leak after cholecystectomy. But non-visualization can also
occur with prolonged fasting or chronic cholecystitis[5,6].
Furthermore, biliary scintigraphy requires longer time of
the examination.
In patients with acute cholecystitis, bacterial infection
is common. Enteric organisms such as Escherichia coli,
Enterococcus and Klebsiella are commonly cultured [7,8] .
Bacterial infection of the gallbladder can progress to
gallbladder empyema, and gallbladder perforation may lead
to a pericholecystic abscess or generalized peritonitis.
Tc-99m Infecton is absorbed by various bacteria, including
Pseudomonas aeruginosa, Escherichia coli, and Staphylococcus
aureus. The ciprofloxacin is taken and bound specifically by
living bacteria where it inactivates DNA gyrase[9].
Tc-99m Infecton consists of the synthetic broads p e c t r u m a n t i b i o t i c c i p r o f l ox a c i n l i n ke d t o t h e
radiochemical technetium-99m [10] . Ciprofloxacin is a
broad-spectrum commonly available and active against
both gram-positive and gram-negative bacteria. Tc-99m
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Infecton appears to retain the property of concentrating
in live bacteria. The uptake is specific, because it is not
concentrated in dead bacteria or sterile abscess. But the
bacteria resistant to ciprofloxacin still bind to Tc-99m
Infecton. This suggests that it is likely to detect infective
lesions with a high specificity [11-13]. The early Tc-99m
Infecton images show predominantly renal activity as this
agent is excreted through this route to the bladder. There
is some blood pool activity in the liver and spleen, which
is reduced in the delayed images. No activity is noted in
normal bone marrow, bone, muscle or soft tissues[11].
Radiolabelled leukocyte imaging (WBC imaging) is
currently the main method used for imaging for infection.
They can be labeled with indium 111 (111In) using either
oxine or tropolone as a chelating agent or technetium 99
(99mTc) using hexamethylpropyleneamineoxime (HMPAO)
as a chelating agent. The technique has the disadvantage
that although it is very specific for detecting inflammatory
foci, it can not distinguish between infective and noninfective inflammatory conditions[14]. An initial study of
the comparison between Tc-99m Infecton and leukocytes
radiolabelled with 111In or Tc-99m Infecton has shown that
Tc-99m Infecton is more clinically effective and specific
for bacterial infection[9].
Tc-99m Infecton imaging gave a higher sensitivity
(84%), specificity (96%), and accuracy (90%) compared
with white-blood-cell imaging (sensitivity 81%, specificity
77%, and accuracy 79%)[9]. The high positive predictive
value is of practical importance, as a positive Infecton image
confirms a diagnosis of bacterial infection with a high
degree of certainty[13], and was reported to be effective for
the diagnosis of many other diseases such as prostatitis,
pelvic inflammatory disease and seminal vesiculitis[15-17].
Tc-99m Infecton has several advantag es over
conventional methods of radiolabelled white-cell imaging.
First, Tc-99m Infecton does not require handling of blood
or blood products during preparation, thus reducing
risks of hepatitis B and HIV infection. Second, Tc-99m
Infecton is packaged as a kit and is technically easier and
less laborious than radiolabelling white blood cells. Third,
this method is independent of the white-cell status of
the patient and, thus, more advantageous in evaluating
leukopenic patients. Finally, because Tc-99m Infecton
is not uptaken by bone marrow, the agent can identify
infection in the spine and proximal parts of the limbs[9].
The early Tc-99m Infecton images show predominantly
renal activity as this agent is excreted through this route
to the bladder. There is some blood pool activity in the
liver and spleen, which is reduced in the delayed images.
No activity is noted in normal bone marrow or bone,
muscle or soft tissues. The normal gastrointestinal tract
bacterial flora does not show the uptake of injected Tc-99m
Infecton due to the biological barriers preventing access
to the intravenous agent[11,13]. The gallbladder may be seen
occasionally and some bowel activity may occur in the
delayed images[13].
Since only a tracer dose of ciprofloxacin (2 mg, only
one two-hundredth of a single intravenous therapeutic
dose of ciprofloxacin) is used in the labeling process, the
risk of side effects from the Infecton was expected to be
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very low, if any[11-13]. No adverse effects were observed in
response to the intravenous injection of Tc-99m Infecton
and the technique is easy to practise.
The diagnosis of acute acalculous cholecystitis by either
ultrasonography or biliary scintigraphy is more difficult
than the diagnosis of acute calculous cholecystitis[6]. If the
diagnosis of acute acalculous cholecystitis is still unclear
after ultrasonography or CT, biliary scintigraphy may be
used. However, the false-positive results (absent gallbladder
filling without acute inflammation) are frequent[5]. In such
cases, this imaging will play an important role in diagnosing
acute acalculous cholecystitis.
The use of Tc-99m Infecton has obvious advantage of
better images and shorter time to diagnose as compared
with hepatobiliary scintigraphy, which requires more time
by 2-8 h and sometimes has non-visualization of the
gallbladder with prolonged fasting or chronic cholecystitis
when Tc-99m ciprofloxacin imaging is not affected.
In conclusion, Tc-99m ciprofloxacin imaging is easy to
perform and applicable in diagnosing acute calculous and
acalculous cholecystitis.
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Abstract
This case report describes a rare complication of a
left ventricular assist device (LVAD). A patient with
ischemic cardiomyopathy had an LVAD placed due to
intractable congestive heart failure following a large
anterior myocardial infarction. The patient developed
chronic bacteremia and multiple septic episodes. A
gastric endoscopy revealed perforation of the anterior
wall of the stomach by the LVAD. Gastric acid related
erosions were present on the metallic surface suggesting
prolonged exposure. This is the second case report
of this rare complication and the first case report of a
subacute course.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Left ventricular assist devices (LVAD) are used frequently
for patients with congestive heart failure that fail maximum
therapy. They are used either as a bridge to cardiac
transplantation or as a destination therapy. The body of
the main pump is usually placed in the abdominal cavity.
This case report describes a rare complication of subacute
gastric perforation caused by a left ventricular assist device.

CASE REPORT
A 51 years old, diabetic patient was transferred to the

University of Minnesota Medical Center where a left
ventricular assist device (Heart Mate I) was implanted intra
abdominally due to persistent cardiogenic shock after an
anterior ST elevation myocardial infarction. The patient
was also treated with a coronary artery bypass graft with a
saphenous vein graft to the posterior descending coronary
artery. His peak troponin I was measured at 137 mcg/L.
His immediate post operative course was complicated
by compartment syndrome of the left lower extremity
requiring fasciotomy. This was thought to be secondary
to an occluded left femoral-popliteal graft, which had
been placed in 1998. Shortly thereafter the patient became
septic with gram positive bacteremia. Over the next 2 mo,
his health declined and he had multiple septic episodes.
They were all treated with intravenous antibiotics. The
lower extremity wound was thought to be the cause of his
bacteremic events and a left below the knee amputation
was performed. The febrile episodes persisted and multiple
blood cultures revealed Candida glabrata and Group D
Enterococcus vancomycin resistance. The same organisms
were isolated from his LVAD drive line insertion site.
Despite treatment with antibiotics, blood cultures
remained positive. A right side empyema developed and
subsequently required thoracostomy. The surgery led to
multiple recurrences of hemothoraces, and mechanical
ventilation. During his prolonged hospital course efforts
to improve nutrition by oral and nasogastric tube feeding
resulted in high residual gastric volumes. That was thought
to be due to diabetic gastroparesis. A decision was made to
improve his nutritional status in preparation for possible
surgical explantation of his LVAD which was thought to
be contributing to his chronic bacteremias. A CT of the
abdomen and chest was performed. There was evidence
of air within the outflow cannula of the LVAD device.
The air was intraluminal as well as extraluminal. The air
was located just above the metal to dacron conversion
within the anterior right chest. A follow-up study obtained
with technetium-labeled white blood cells indicated that
this was an area that had significant white blood cell
accumulation consistent with infection (Figure 1). The
patient had no abdominal complaints and his abdominal
exam was only significant for mild tenderness. Video
assisted gastric endoscopy was performed for placement
of a duodenal feeding tube and revealed direct exposure
of the LVAD in the anterior superior part of the stomach
with no communication with the peritoneal cavity. There
were gastric acid erosions on the LVAD metallic surfaces
suggesting prolonged exposure (Figure 2).
Due to the patient’s ongoing sepsis with deteriorating
www.wjgnet.com
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Figure 1 Chest CT showing air at the outflow cannula of the LVAD (arrows) and
inside the stomach. Possible communication of the gastric cavity and the LVAD is
shown (arrowhead).

hemodynamic status requiring vasopressors a family
conference was organized and withdrawal of care was
decided.

DISCUSSION
This case report represents the second case of LVAD
gastric perforation [1]. Although the first case described
was an acute event resulting in immediate death, in our
case it is difficult to assess the timing of events. At the
time of abdominal CT scan, where air was noticed in the
LVAD, air was also noted around the body of the LVAD.
Unfortunately, the artifact made it impossible to determine
if the device was in the stomach. Gastric enlargement and
gastroparesis due to diabetes must have played a role in this
event. The patient’s size was within the accepted range for
the intra-abdominal LVAD placement (182 cm and 87 kg).

LVAD
body

Gastroesophageal
junction

Figure 2 A: Upper endoscopy study showing the body of the LVAD in the
anterior wall of the stomach. The perforation was concealed by the omentum and
there were no clinical signs of peritonitis; B: The erosions on the metallic body
of the device suggested long exposure to gastric acidic content; C: Endoscope
retroflexion revealed that the LVAD had entered the stomach cavity anteriorly and
close to the gastroesophageal junction.

These two reported cases show that gastric perforation is a
rare, but real complication of LVAD therapy and it should
be included in the differential diagnosis of sepsis in this
patient population with or without localizing symptoms.
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Abstract
We report a patient with hyperplastic polyposis who
had two asynchronous colon cancers, a combined
adenoma-hyperplastic polyp, a serrated adenoma, and
tubular adenomas. Hyperplastic polyposis is thought to
be a precancerous lesion; and adenocarcinoma arises
from hyperplastic polyposis through the hyperplastic
polyp-adenoma-carcinoma sequence. Most polyps in
patients with hyperplastic polyposis present as blandlooking hyperplastic polyps, which are regarded as nonneoplastic lesions; however, the risk of malignancy
should not be underestimated. In patients with multiple
hyperplastic polyps, hyperplastic polyposis should be
identified and followed up carefully in order to detect
malignant transformation in the early stage.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hyperplastic polyposis is a rare syndrome characterized
by multiple hyperplastic polyps, primarily in the proximal

colon[1,2]. Sporadic hyperplastic polyps are not generally
1-3�]
considered to be precancerous lesions[����
. On the other
hand, hyperplastic polyposis should be considered a
precancerous lesion, because patients with hyperplastic
polyposis may frequently have conventional adenomas,
serrated adenomas, and adenocarcinomas[2].
We report a patient with hyperplastic polyposis who
asynchronically developed two colon adenocarcinomas, as
well as a combined adenoma-hyperplastic polyp, a serrated
adenoma, and tubular adenomas.

CASE REPORT
The patient was an 82-year-old, hypertensive, Japanese
woman with a previous history of cardiac angina and a
gallstone.
She developed an ileus at the age of 80 years. She was
diagnosed as having adenocarcinoma of the sigmoid colon
by pathological examination of a biopsy specimen, and
underwent sigmoidectomy. The tumor was 4.0 cm × 2.5
cm in size. The adenocarcinoma showed ulcer formation
with localized infiltrative growth. There were also multiple
small polyps in the resected sigmoid colon (Figure 1A).
Histologically, the tumor was a well-differentiated
adenocarcinoma with papillary and tubular proliferation
invading the subserosal layer (Figure 1B). Mild vascular
invasion and a lymph node metastasis were detected. Based
on the histology of the small polyps located around the
adenocarcinoma, there were 5 hyperplastic polyps in which
the proliferating epithelial cells had a serrated appearance
(Figure 1C) and a hyperplastic nodule without significant
histological changes.
Follow-up colonoscopy seven months later showed two
polyps in the transverse colon. Pathologically, one polyp
was diagnosed as a tubular adenoma with increased, mildly
atypical duct formation and nuclear atypia (Figure 2A), the
other polyp as a hyperplastic polyp which had increased
serrated ducts without atypical features (Figure 2B).
At the age of 82 years, the patient developed melena.
On colonoscopy, some polyps and a diverticulum were
seen in the sigmoid colon, and there were some polyps in
the ascending colon. One of the polyps in the ascending
colon was biopsied and diagnosed as a hyperplastic polyp
with serrated structure without atypia (Figure 2C). The
other polyp located in the sigmoid colon was a high-grade
serrated adenoma having a papillary or serrated structure
with atypical cells and an atypical structure, such as
fusion of the tubular structure (Figure 2D). There was no
www.wjgnet.com
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Figure 1 A: Resected sigmoid colon. The adenocarcinoma, 4.0 cm x 2.5 cm in size, shows ulcer formation with localized infiltrative growth. Multiple small polyps are seen
in the resected colon (arrow); B: Well-differentiated adenocarcinoma located in the sigmoid colon (HE, x 100). High columnar tumor cells have proliferated to form papillary
or tubular structures; C: Hyperplastic polyp located in the resected sigmoid colon (HE, x 100). The epithelial cells are arranged in a serrated fashion and have no atypical
features.

A

B

C

D

Figure 3 Colonoscopy of the ascending colon. An ulcerative lesion with localized infiltration is
located in the proximal part of the
asce-nding colon.
The center of the
tumor is necrotic
and hemorr-hagic. A
small subpedunculated polyp is seen
proximal to the tumor
(arrow).

evidence of malignancy.
S i x m o n t h s l a t e r, t h e p a t i e n t c o m p l a i n e d o f
constipation and abdominal fullness. On colonoscopy,
an ulcerative lesion with localized infiltration was seen
in the proximal part of the ascending colon (Figure 3).
www.wjgnet.com

Figure 2 A: Tubular adenoma located in
the transverse colon (HE, x 100). The lesion
shows duct proliferation and cells that have
mild nuclear atypia; B: Hyperplastic polyp
located in the transverse colon (HE, x 200).
Serrated ducts with no atypical features are
observed; C: Hyperplastic polyp located in
the ascending colon (HE, x 100). Serrated
ducts with no atypical features are observed.
The inflammatory infiltration is mainly
composed of lymphocytes in the lamina
propria; D: High-grade serrated adenoma
located in the sigmoid colon (HE, x 200).
Papillary or serrated structures with obvious
atypical cells are seen. Atypical structures,
such as fusion of the tubular structure,
are also shown. There is no evidence of
malignancy.

The patient was diagnosed as having adenocarcinoma
pathologically and underwent laparoscopic right colectomy
and cholecystectomy. The resected colon was found to
have a cancer of 2.8 cm × 3.8 cm in size and multiple
small polyps. The two largest polyps were 13 mm × 8
mm and 11 mm × 4 mm in size (Figure 4A). The cancer
was a well to moderately differentiated adenocarcinoma
with atypical duct formation and a cribriform pattern.
The tumor infiltrated the muscular layer and reached
the subserosa without serosal exposure (Figure 4B). The
adenocarcinoma showed a fusion to a small adenoma-like
and a hyperplastic polyp components in the margins (Figure
4C and D). There was no lymph node metastasis.
Eight of the small polyps around the adenocarcinoma
were examined; there were four hyperplastic polyps,
three tubular adenomas, and one combined adenomahyperplastic polyp. The combined adenoma-hyperplastic
polyp was 1 cm in size. In the combined adenomahyperplastic polyp, the hyperplastic polyp component had
a serrated structure with no cell atypism, and the adenoma

Kurobe M� et al. Hyperplastic polyposis with malignancy

A

B

C

D

E

F

component consisted of a tubular adenoma with mild cell
atypia. At the border of the two components, there was a
small amount of serrated structure with mild atypia (Figure
4E and F).
Based on all these pathologic features, this patient
was diagnosed as having hyperplastic polyposis with two
asynchronous cancers.
The patient was followed up with regular colonoscopies; and one year after the surgery, the patient was
tumor-free.

DISCUSSION
Sporadic hyperplastic polyps are generally thought
not to be malignant; and malignant transfor mation
into adenocarcinoma has been rarely reported [1,2,4,5] .
However, hyperplastic polyposis is considered to be
a precancerous lesion, since conventional adenomas,
serrated adenomas, and adenocarcinomas can occur
synchronously or asynchronously in the same patient[1,2,4,6].
A case of hyperplastic polyposis was reported with a large
hyperplastic polyp (> 1.5 cm) that had an adenomatous
lesion within it[3]. Another reported case of hyperplastic
polyposis had an adenocarcinoma component within
one hyperplastic polyp[7]. There is also a report of a case

3257
Figure 4 A: Resected ascending colon.
A cancer, 2.8 cm x 3.8 cm in size, and
multiple small polyps are seen. The two
largest polyps are 13 mm x 8 mm and 11
mm x 4 mm in size, respectively (arrows);
B: Well to moderately differentiated
adenocarcinoma (HE, x 20). Atypical duct
formation and cribriform pattern can be
seen. The tumor infiltrates the muscular
layer and reaches the subserosal layer
without serosal exposure; C: A small area
from the periphery of the adenocarcinoma
(HE, x 20). The lower part is the hyperplastic
polyp component, and the upper part is
the adenocarcinoma component; D: The
left side of Figure 4C (HE, x 100). A small
adenoma-like component is shown in the
border between the hyperplastic component
and the adenocarcinoma component; E: The
combined adenoma-hyperplastic polyp (HE,
x 20). The polyp is 1 cm in size. The upper
part is the adenoma component, which
primarily consists of a tubular adenoma with
mild cellular atypia, the lower part is the
hyperplastic polyp component; F: A higher
magnification of Figure 4E (HE, x 100).
A small amount of serrated structure with
mild atypia is seen at the border of the two
components.

with hyperplastic polyposis that had two synchronous
adenocarcinomas in the transverse colon[2].
The diagnostic criteria for hyperplastic polyposis
generally include the presence of [1] : (1) at least five
histologically diagnosed hyperplastic polyps proximal to
the sigmoid colon, of which two are greater than 10 mm
in diameter; or (2) any number of hyperplastic polyps
proximal to the sigmoid colon in an individual who has
a first-degree relative with hyperplastic polyposis; or (3)
more than 30 hyperplastic polyps of any size that are
distributed throughout the colon[1]. In the present case,
there were five hyperplastic polyps in the sigmoid colon,
one hyperplastic polyp in the transverse colon, and five
hyperplastic polyps in the ascending colon. Polyps as large
as 13 mm × 8 mm and 11 mm × 4 mm were found in the
ascending colon. Therefore, our case fulfilled criterion (1)
of the above-mentioned criteria.
Hyperplastic polyposis is a precancerous lesion[1]. In
the present case, two asynchronous adenocarcinomas
were found in the sigmoid colon and the ascending colon,
as well as a high-grade serrated adenoma in the sigmoid
colon, tubular adenomas, and a combined adenomahyperplastic polyp in the ascending colon. Thus, our case
supports the notion that hyperplastic polyps in patients
with hyperplastic polyposis have a high oncogenicity.
www.wjgnet.com
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There are two theories about the origin of adenocarcinomas that develop in hyperplastic polyposis. One theory
states that some of the hyperplastic polyps undergo
adenomatous changes to become serrated adenomas with
atypical cells and then develop into adenocarcinomas.
This is called the “ser rated pathway” [1-4,6,8,9] . The
other theory states that the adenoma component of a
combined adenoma-hyperplastic polyp develops into an
adenocarcinoma by the loss of the tumor suppressor
gene[1,2].
In the present case, a hyperplastic polyp component
was detected in the marginal area of the ascending
colon adenocarcinoma, and a small serrated adenomalike component was detected at the border between the
adenocarcinoma and the hyperplastic polyp component.
Based on this finding, it seems possible that the
hyperplastic polyp - serrated adenoma-adenocarcinoma
pathway was operative in this case. However, since
the adenocarcinoma was large, it was possible that the
adenocarcinoma originated from an area distinct from
the polyp and then engulfed the combined serratedhyperplastic polyp. In addition, at the time that the first
sigmoid colon cancer was resected, a high-grade serrated
adenoma was found in the sigmoid colon. These findings
support the notion that this malignancy developed through
the “serrated pathway”. However, adenocarcinomas in
both the sigmoid and the ascending colon were too large
to allow us to definitively determine their origins. Of
course, it is still possible that a de novo adenocarcinoma
engulfed a hyperplastic polyp and an adenoma.
Combined adenoma-hyperplastic polyps have both
hyperplastic lesions and adenoma lesions. The polyps are
thought to occur as a result of: (1) engulfment of preexisting hyperplastic polyps by a growing adenoma; or (2)
the induction of mucosal hyperplasia at the advancing edge
of an adenoma; or (3) the development of an adenoma
within a hyperplastic polyp[4]. In the present case, a small
(1 cm), combined adenoma-hyperplastic polyp was
detected, which gave evidence of the tumorigenicity of
hyperplastic polyps.
Among the cases reported dealing with hyperplastic
polyposis, there are reports, including our case, of patients
with multiple adenocarcinomas [2,6]. The asynchronous
development of multiple neoplastic polyps in our patient
may also explain the presence of asynchronous multiple
adenocarcinomas.
When an adenoma arises from a hyperplastic polyp,
which has been found to have the following molecular
biological changes: k-ras and p53 mutations; loss of
heterozygosity; and microsatellite instability[4,10]. Adenomatous change is rare in a sporadic hyperplastic polyp, but is
common in patients with hyperplastic polyposis due to the
large number of hyperplastic polyps; thus, the chance of
an adenoma arising from a hyperplastic polyp is increased.
Therefore, the risk of cancer may also be increased.
Although the polyps in patients with hyperplastic polyposis
look similar to sporadic hyperplastic polyps, they might
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be genetically different[4], and the genetic makeup of the
polyps of patients with hyperplastic polyposis is more
likely to transform into adenocarcinomas.
Hyperplastic polyposis may sometimes be familial[1].
But, patients do not generally have a family history of
colon cancer[2]; this feature distinguishes it from familial
adenomatous polyposis (FAP)[2]. Notably, our patient did
not have a family history of colon cancer.
FAP is a syndrome characterized by the presence of
at least 100 polyps located mainly in the distal colon;
these polyps often appear in the second and third decade
of life [4]. Hyperplastic polyposis is usually diagnosed
in older adults, and the polyps are predominantly in
the proximal colon [1]. Compared to patients with FAP,
patients with hyperplastic polyposis do not develop
adenocarcinomas at such a young age; thus, a radical
cure, such as total colectomy, is not necessary for patients
with hyperplastic polyposis. Nevertheless, since in
these patients the risk of cancer increases after the fifth
decade[2], regular colonoscopic surveillance is suggested
in patients with hyperplastic polyposis[5]. However, since
most polyps in hyperplastic polyposis present as blandlooking hyperplastic polyps that tend to be regarded as
non-neoplastic lesions, the risk of malignancy may be
underestimated. Patients with multiple hyperplastic polyps
should be assessed so as to determine whether they have
hyperplastic polyposis, since patients with hyperplastic
polyposis require regular follow-ups to detect cancer at an
early stage.
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Abstract
Although it is well known that the hepatocellular
carcinoma (HCC) is an ominous complication in patients
with liver cirrhosis, there has been no approved drug to
prevent the development of HCC to date. We previously
reported that the combined treatment of vitamin K 2
(VK) and angiotensin-converting enzyme inhibitor
(ACE-I) significantly suppressed the experimental
hepatocarcinogenesis. A 66-year-old Japanese woman
with hepatitis C virus (HCV)-related liver cirrhosis
developed a dysplastic nodule in the liver detected by
enhanced computed tomography along with elevation
of the tumor markers, namely, alpha-fetoprotein (AFP)
and lectin-reactive demarcation (AFP-L3), suggesting
the presence of latent HCC. After oral administration of
VK and ACE-I, the serum levels of both AFP and AFP-L3
gradually decreased without any marked alteration of
the serum aminotransferase activity. After one-year
treatment, not only the serum levels of AFP and AFP-L3
returned to the normal ranges, but also the dysplastic
nodule disappeared. Since both VK and ACE-I are widely
used without serious side effects, this combined regimen
may become a new strategy for chemoprevention
against HCC.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common malignancies in the world, and its prognosis
is still poor [1] . It is well known that HCC commonly
develops in the patients with liver cirrhosis. Since the highrisk of HCC seems to be clearer as compared with other
types of cancers, it is likely that a primary chemopreventive
agent would be beneficial in improving the prognosis
of HCC patients. However, there has been no approved
chemopreventive agent against HCC to date. We previously
reported that vitamin K2 (VK) and angiotensin-converting
enzyme inhibitor (ACE-I) at clinically comparable
low doses exerted a chemopreventive effect against
hepatocarcinogenesis in rats[2]. It is well known that the
serum level of alpha-fetoprotein (AFP) is a very useful
marker for HCC [1]. AFP has a microheterogeneity due
to structural variations in its sugar chain[3]. AFP-L3, an
isoform of AFP, is reactive with lectin culinaris agglutinin
and is known to suggest the presence of latent HCC cells in
the cirrhotic liver, and the serum AFP-3 level is reported to
be a useful biomarker in the chemoprevention of HCC[4,5].
We report herein a patient with hepatitis C virus (HCV)related liver cirrhosis in whom the combined treatment of
VK and ACE-I dissipated a dysplastic nodule along with
suppression of the serum levels of AFP and AFP-L3.

CASE REPORT
In December 2002, a 66-year-old Japanese woman with
HCV-related liver cirrhosis was diagnosed as having a
dysplastic nodule or early HCC by enhanced computed
tomography (CE-CT). Until that time, she had undergone
regular imaging examinations such as CE-CT every three
www.wjgnet.com
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Figure 1 Enhanced computed-tomography (CT) scans in the arterial phase (A)
and equilibrium phase (B) before administration of ACE-I in combination with VK.
In the arterial phase, no obvious lesion could be detected whereas a low-density
area (arrow) was noticed in the equilibrium phase.
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Figure 2 Schema of clinical course. After administration of ACE-I and VK, the
serum levels of both AFP and AFP-L3 gradually decreased. After one-year
treatment, the serum levels of both AFP and AFP-L3 returned to the normal
ranges. The arrows indicate the time points of CT examination before and after
administration of this combined regimen.

months since liver cirrhosis is known to be a high-risk
factor for HCC development. In the arterial phase of
CT, no obvious lesions could be observed (Figure 1A)
whereas a low-density lesion measuring 12-mm in diameter
appeared in the equilibrium phase of CT (Figure 1B).
These patterns of CE-CT indicated the transient phase
of a high-grade dysplastic nodule in early HCC[6]. Since
we could not detect the nodule by ultrasonography, needle
biopsy was not performed. Before detection of the nodule,
the serum levels of AFP and AFP-L3 gradually increased.
At the time of detection of the nodule, the serum levels
of both AFP and AFP-L3 were significantly high (135.6
ng/mL and 14.2%, respectively). This patient also had mild
hypertension and osteoporosis. We, thus, started to treat her
with ACE-I (perindopril: 4 mg/d) and VK (menatetrenone:
45 mg/d) after receiving her informed consent. After
administration of ACE-I and VK, the serum levels of
both AFP and AFP-L3 gradually decreased. After oneyear treatment, the serum levels of both AFP and AFP-L3
returned to the normal ranges. During this period, the
serum level of aminotransferase (ALT) was not significantly
altered, suggesting that the suppressive effect of this
combined regimen on these tumor markers was not due
to reduction of necroinflammation in the liver (Figure 2).
After 15-mo treatment, the hepatic nodule disappeared
in both the arterial and equilibrium phases of the CECT study (Figure 3A and B). The administration of VK
and ACE-I was continued, and neither AFP nor AFP-L3
levels increased again. This combined treatment has been
continued, and no HCC has developed until now.
www.wjgnet.com

Figure 3 Enhanced computed-tomography (CT) scans in the arterial phase (A)
and equilibrium phase (B) after administration of ACE-I in combination with VK.
After a 15-mo administration, the hepatic nodule disappeared in both the arterial
phase and equilibrium phase.

We report herein a patient with HCV-related liver cirrhosis
in whom the combined treatment with VK and ACE-I
significantly suppressed the tumor markers of HCC, i.e.,
AFP and AFP-L3, along with elimination of the dysplastic
nodule. HCC is one of the most common malignancies in
the world with an estimated incidence of more than one
million new cases per year[1,7]. One of the reasons for the
poor prognosis of HCC is the high rate of recurrence.
It has been shown that this high recurrence rate, even
after curative therapy, is due to intrahepatic metastasis or
multicentric development of each respective neoplasm
clone. Since the high-risk of HCC development seems to
be clearer as compared with other types of tumors, it is
likely that a primary or secondary chemopreventive agent
would be beneficial in improving the prognosis of HCC
patients.
Angiogenesis is a complex and critical process
essential to support the growth of solid tumors. [8,9] It
has been recently reported that angiogenesis could also
be induced at the early stages of tumor formation and
carcinogesis[10-13]. Recent studies have demonstrated that
angiogenesis has already begun at a very early stage when
the tumor consists of just 100-300 cells.[10] A recent study
on the endothelial cell markers in the dysplastic lesions
of the liver has suggested that in HCC, alterations in
the hepatic microcirculation already occur at a very early
stage of liver carcinogenesis[14]. We previously proved that
angiogenesis played a pivotal role in the murine hepatoc
arcinogenesis[15]. Currently, several newly developed antiangiogenic agents are being investigated around the world.
Although some of these agents are still under clinical trials
at limited institutes, no agents are widely available at this
time in clinical practice [16]. Under the concept of antiangiogenesis therapy, long-term administration is required
to examine the compound toxicity. A potential alternative
strategy may be the use of drugs with anti-angiogenic
activity, which are available in an oral formulation and are
currently used for treatment of different diseases. Some
of the clinically available compounds, such as thalidomide
and penicillamine, have been shown to possess antiangiogenic activity, and are currently used in the clinical
trials [16]. Long-term administration, however, of these
agents sometimes leads to severe side effects, such as bone
marrow suppression. Because long-term administration
is required and the drug metabolism is usually hypoactive
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in the patients with liver cirrhosis, safety-proved agents
would be preferable for chemoprevention against HCC.
We previously reported that perindopril (PE), an ACE-I,
possessed a strong anti-angiogenic activity, and that it
inhibited the experimental HCC growth at clinically
comparable low doses[17]. ACE-I is widely used in clinical
practice without serious side effects, and the safety of its
long-term administration to the patients with cirrhosis
has already been proven. Moreover, VK is also safely used
for treatment of osteoporosis clinically. A recent Japanese
trial on patients with HCC undergoing radical therapy
showed that the VK treatment significantly decreased
the recurrence rate of HCC and achieved a significant
improvement in the overall survival[18]. Furthermore, a
recent study has revealed that VK exerted a suppressive
effect against the development of HCC in women with
viral hepatic cirrhosis[19]. We have recently reported that
VK also showed an anti-angiogenic activity, and that the
combined treatment of VK and ACE-I at low doses
showed a marked suppressive effect against development
of the liver enzyme-altered preneoplastic lesions in rats via
angiogenesis suppression[2]. In this case, we observed that
the combined treatment with VK and ACE-I significantly
suppressed the serum levels of AFP and AFP-L3. This
combined regimen also ameliorated the dysplastic nodule
in the liver. ALP-L3 is known to be a marker of the latent
HCC cells[4]. It is possible that elimination of the dysplastic
nodule and decrease of the serum AFL3 level with this
combined regimen may, at least partly, be mediated via
inhibition of the neovascularization in the cirrhotic liver.
In this case, we did not find any histological evidence of
the nodules. This is the main negative point of the final
diagnosis in our case. Accordingly, this report should be
taken with caution, and a large-scale randomized clinical
control study is required in the future.
In conclusion, herein we report a patient with HCVrelated cirrhosis in whom the combined treatment with
VK and ACE-I significantly attenuated the serum levels
of AFP and AFP-L3 along with the elimination of the
dysplastic nodule. Since both agents are widely used in
clinical practice without serious side effects, this combined
treatment may represent a potential new strategy for
chemoprevention against HCC in the future.
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Abstract
Benign neoplasia of the duodenum are very rare.
Moreover, duodenal tubulovillous adenomas are
more uncommon lesions. The microscopic structure
of tubulovillous adenoma has frond-like projection
of mucosa with branching papillary structure and
generally upward growth into the lumen. We describe a
72-year-old man who showed aduodenal tubulovillous
adenoma with unusual inverted cystic growth pattern.
Interestingly, this tubulovillous adenomatous lesion was
interrupted by gastric metaplasia in the deep portion
of the cyst and was closely surrounded by Brunner’s
glands. Although histogenesis of gastric metaplasia of
duodenum is not fully understood, Brunner’s glands has
been suggested as a precursor for gastric metaplasia.
Therefore, these findings argued that this adenoma
arises from Brunner’s glands through gastric metaplasia.
This is the first case of inverted cystic tubulovillous
adenoma involving Brunner’s glands of duodenum with
gastric metaplasia.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Neoplastic growth in the small intestine is relatively
infrequent. Its incidence is usually one-tenth that of a similar
lesion of the colon[1]. According to prospective endoscopic
studies on elevated lesions of the duodenum, the
incidence of duodenal adenoma in all patients referred to
diagnostic endoscopy was only 0.4%[2]. Moreover, duodenal
tubulovillous adenomas are rare tumors comprising less than
1% of all duodenal neoplasm[3]. However, there has been no
report on tubulovillous adenoma in duodenum which has
an inverted cystic growth pattern.
Duodenal sporadic adenoma could present the gastric
metaplasia on one or more foci[4]. Although the histogenesis
of gastric metaplasia of duodenum is not fully understood,
Brunner’s glands has been suggested as a precursor for
gastric metaplasia[5-7]. However, there has been no report
for benign tubulovillous duodenal adenoma arising from
Brunner’ glands through gastric metaplasia, except some
malignant lesions with possible associations[6,8]. Herein we
present a case of duodenal tubulovillous adenoma with an
unusual inverted cystic growth involving Brunner’s glands
with gastric metaplasia.

CASE REPORT
A 72-year-old man presented to the outpatient clinic
with epigastric discomfort. His vital signs were normal.
Physical examination results and routine laboratory
tests were normal. On gastroduodenoscopy, a 1.1 cm
sized, centrally depressed, sessile tumor was found in the
contralateral portion to the ampulla of Vater. It resembled
the normal ampulla of Vater. Multiple biopsy specimens
were taken and the tumor was pathologically diagnosed as
a tubulovillous adenoma. We decided upon an endoscopic
polypectomy to confirm its origin and rule out intrinsic
malignancy. We perfor med snare polypectomy after
submucosal injection with a mixture of saline, epineprine
and indigocarmine. Snare polypectomy was successfully
performed with no complications such as hemorrhage or
perforation (Figure 1).
Pathologic examination was done. As a whole, the
mucosal surface showed a polypoid mass measuring 1.1 cm
× 0.9 cm with central depression. Microscopic examination
showed an invagination and cystic change of mucosa with
tubulovillous growth along the Brunner’s glands into the
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Figure 1 A: Gastroduodenoscopic examination and polypectomy. 1.1 cm sized,
centrally depressed, sessile tumor was seen in the contralateral portion to the
ampulla of Vater; B: After submucosal injection with a mixture of saline, epineprine
and indigocarmine, snare polypectomy was successfully performed.
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Figure 2 A: Inverted cystic lesion extends along the Brunner gland duct into the
submucosa (HE, × 15); B: Normal or hyperplastic Brunner’s glands (arrows) are
seen beneath the tubulovillous adenomatous lesion growing into the cyst lumen
(HE, × 40); C: The flat surface epithelium and small mucus glands (arrows) are
seen among the villiform epithelium (HE, × 40).

deep submucosa. Adjacent surface epithelium was CD10positive normal duodenal mucosa, and the tubulovillous
glands were positive for PAS, MUC2 and MUC5AC.
Interestingly, the deep portion of the cyst showed a flat
surface epithelium and normal-looking mucus glands,
which showed negative staining for MUC2, but positive
staining for MUC5AC, representing gastric metaplasia
(Figures 2 and 3). There was no pathologic evidence of
H pylori infection in stomach and duodenum.

DISCUSSION
Benign tumors of the duodenum are very rare with an
incidence of 0.008% in a single series of 215 000 autopsies[9].
The prevalence of benign tumors of the duodenum during
routine endoscopy was reported to range from 0.3% to
4.6% and the incidence of adenoma was only 0.4% in
a prospective endoscopy study [2]. Moreover, duodenal
tubulovillous adenomas are uncommon lesions representing

Figure 3 A: PAS staining shows positive reaction in the cytoplasm of normal Brunner’s
glands (arrow) and tubulovillous glands (PAS, × 40); B: The duodenal surface
epithelium is positive for CD10 along the luminal border (arrow), but the Brunner’s
glands and adenomatous lesion are negative (Immunohistochemistry CD10,
× 40); C: The immunohistochemical stain for MUC2 shows focal positive staining
in duodenal mucosa and tubulvillous lesion, but not in Brunner’s glands (arrow)
(Immunohistochemistry MUC2, × 40); D: whereas the staining for MUC5AC
shows negative staining in duodenal mucosa and Brunner’s glands (arrow), but
partly positive in adenomatous lesion (Immunohistochemistry MUC5AC, × 40); E:
The area corresponding to the Figure 2B was negative for MUC2 in surface and
glandular epithelium (arrows) (Immunohistochemistry MUC2, × 40); F: but positive
for MUC5AC (arrows) (Immunohistochemistry MUC5AC, × 40).

less than 1% of all duodenal neoplasm[3,10]. Perry[11] first
described villous tumor of the duodenum in 1893 as a
broad-based cauliflower-like mass that he referred to as a
duodenal papilloma and since that time only 73 cases have
been reported by Komorowski et al[1,3] in a 1981 review.
With the advent of diagnostic endoscopy, the prevalence
of villous tumors of the duodenum has increased. A
review in 1985 reported 161 cases, and more recently, a
15 years search done in 1996 collected 251 cases from
the literature[12,13]. Upon microscopic examination, villous
adenoma had a frond-like projection of mucosa with
branching papillary structure and generally upward growth
into the lumen[14]. To our best knowledge, there has been no
report on tubulovillous adenoma in duodenum which has
inverted cystic growth pattern although inverted hyperplastic
polyp of the colon associated with adenoma has been
reported[15].
Interestingly, this tubulovillous adenomatous lesion was
interrupted by gastric-type mucosa in the deep portion of
the cyst with aberrant expression of MUC5AC and closely
surrounded by and focally connected with Brunner’s glands.
Gastric metaplasia is known to be associated with various
diseases and conditions[4,16,17] Although the histogenesis of
gastric metaplasia of duodenum is not fully understood,
Brunner’s glands has been suggested as a precursor for
www.wjgnet.com
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gastric metaplasia[5,7,18]. And Rubio[4] showed that 59.2% of
the duodenal sporadic adenoma, not associated with familial
adenomatous polyposis, presented the gastric metaplasia
on one or more foci. He suggested that a subset of gastric
metaplasia might be present in duodenal mucosa before
adenomatous change ensues and might have a similar
neoplastic proclivity as the metaplastic epithelium in other
gastrointestinal tracts.
Although there are no reports for duodenal adenoma
originating from Brunner’s glands, in regard to this unusual inverted cystic tubulovillous adenoma with gastric
metaplasia involving Brunner’ gland and prior literature on
adenocarcinoma associated with hyperplasia and gastric
metaplasia of Brunner’s glands[6,8], it could be postulated
that Brunner’s glands might appear to behave in the manner
of adenoma-carcinoma sequence similar to the adenomas
of the colon and rectum through the gastric metaplasia.
Although the potential association between H pylori and
Brunner’ gland adenoma has been proposed[19], there was
no pathologic evidence of H pylori infection in this case.
In this article, we discuss an unusual inverted cystic
tubulovillous adenoma involving Brunner’s glands with
gastric metaplasia which was successfully diagnosed and
treated by endoscopic polypectomy.
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Mesenchymal tumors of the appendix are scarce, and of
them, few cases of gastrointestinal stromal tumor (GIST)
have been found. Some of the tumors previously defined
as appendiceal smooth muscle tumors might have been
GIST because immunohistochemical studies in detail had
not been evaluated in those cases; nevertheless, few cases
have been reported so far[2,3].
We report a unique case of appendiceal GIST incidentally diagnosed based on the active LGIB occurring
in the appendiceal mucosal defect of indefinite cause.

CASE REPORT
Abstract
Gastrointestinal stromal tumor is rare, which arises from
the mesenchymal tissues in the gastrointestinal tract,
and it is extremely rare in the appendix. Only a few
cases have been found in this location to date. Although
the annual incidence of lower gastrointestinal bleeding
has been increasing, bleeding related to the appendix
is quite rare. We herein present a very rare case of
gastrointestinal stromal tumor incidentally found by
appendiceal hemorrhage.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The specific causes of lower gastrointestinal bleeding
(LGIB) identified include colonic diverticula, angiodysplasia, hemorrhoids, NSAID-induced injury, colonic
ischemia, inf lammator y bowel disease, and postpolypectomy complications [1]. Bleeding related to the
appendix, although the annual incidence of LGIB has
been increasing to date, is extremely rare, only a small
number of reports have been documented.

A 56-year-old man was admitted to our department
on an emergency basis because of a sudden onset of
hematochezia. He took a few tablets of NSAID to control
the headache the night before. He denied abdominal
pain and prior episodes of diarrhea and melena. He had
no significant medical background and family history.
The patient had a resting tachycardia. But, his blood
pressure was normal. No abnormal findings were revealed
throughout physical examination and laboratory tests
except slightly decreased hemoglobin (11.6 g/dL). One
unit of blood was immediately infused, and an urgent
colonoscopy was performed without bowel preparation. A
large amount of fresh blood was present along the entire
colon, but not terminal ileum. In the cecum, an oozing
of fresh blood from the appendiceal orifice was identified
and it continued irrespective of repeated perendoscopic
vigorous irrigation (Figure 1). Endoscopic hemostasis was
not attempted due to no evidence of ulcerative lesions
including any exposed vessel within or adjacent to the
orifice. Multiple diverticulas of various sizes without
evidence of active bleeding were also found in the proximal
portion of the ascending colon and cecum (Figure 2).
Surgical management for the ar rest of continuous
hemorrhage was performed. Right hemicolectomy with
appendectomy was performed because the diverticulas
around the appendiceal orifice as the focus of the bleeding
could not be excluded absolutely. Macroscopically, the
mucosa of the appendiceal specimen was normal at the
time of surgery. But, a small nodule was found in the mid
portion of the appendix (Figure 3). Microscopically, an
ill-defined mass in the appendix which is composed of
spindle cells of fascicular pattern, involving the proper
muscle showed immunopositive staining for CD34, but not
in smooth muscle actin, S-100, and c-KIT (Figure 4 A-D).
Since the operation, the patient has experienced no further
www.wjgnet.com
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Figure 1 Continuous oozing of fresh blood is seen from the appendiceal orifice.
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Figure 3 The inside of the appendiceal specimen appears normal, but a small
nodule is found in the mid portion (white arrow).
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Figure 2 Small diverticula without evidence of active bleeding are found in the
cecum.

episodes of gastrointestinal bleeding for 3 mo.

DISCUSSION
This is an interesting case because the lower gastrointestinal
bleeding (LGIB) was observed in appendiceal orifice,
and GIST was found incidentally in surgery which was
performed for the control of the bleeding.
LGIB, which is defined as bleeding beyond the ligament
of Treitz, represents a diverse range of bleeding sources
and severities. Its annual incidence of hospitalization
was estimated to be 20-30 per 100 000 persons per year
with increasing frequency, particularly in the elderly, it
is approximately one-fifth as common as upper gastrointestinal bleeding [4]. The sources of LGIB identified
are diverticular bleeding, angiodysplasia, hemorrhoids,
NSAID-induced, colonic ischemia, inflammatory bowel
disease, post-polypectomy bleeding, infectious colitis,
radiation colitis, neoplasms, stercoral ulcers, and others
included bleeding from the appendiceal orifice by the less
common causes[1].
This case is a patient with LGIB occurring in the
appendix. Bleeding from the appendix with any cause,
especially identified as the direct visualization at the time of
colonoscopy is quite rare. To our knowledge with extensive
reviews, a small number of reports have been available in
the literature so far. The final diagnoses of these reports
are listed as mucocele[5], diverticulum[6], aorto-appendiceal
www.wjgnet.com

Figure 4 A: Whole layers of appendix show an ill-defined mass involving
the proper muscle layer (HE, x 20); B: The mass is composed of spindle
cells usually in fascicular pattern. The neoplastic cells are characterized by
spindle nuclei with blunt or tapered end and bland chromatin pattern and by
various amounts of amphophilic cytoplasm and ill-defined cellular borders
(HE, x 200); C: The neoplastic cells show immunopositive staining for CD34
(Immunohistochemical stain, x 20); D: The neoplastic cells show immunonegative
staining for smooth muscle actin, but positive in the remaining proper muscle cells
(Immunohistochemical stain, x 20).

fistula[7-9], endometriosis[10], vascular malformation[11,12],
transmural inflammation without evidence of well-formed
granulomas [13], intussusception [14], isolated appendiceal
Crohn’s disease [15-18] , and aspirin-induced ulcer [19] . In
this case, LGIB was related to NSAID-induced erosion
with abundant RBC in the appendix near the orifice,
although not confirmed, and it is unclear why our patient
developed such significant bleeding. In addition, multiple
diverticulas near the orifice known as a leading cause of
the LGIB interfered with diagnosis of definite source of
bleeding. Therefore, right hemicolectomy including the
appendix instead of appendectomy alone was performed,
although bleeding from the appendiceal orifice was highly
suspicious on the endoscopic view, because the possibility
of diverticular bleeding could not be ruled out.
Among the appendiceal mesenchymal tumors,
leiomyoma is the commonest tumor reported. Even
leiomyoma of the appendix, where relatively more

Kim KJ et al . Gastrointestinal stromal tumor of appendix

tumors (26.4%) were found compared with other colonic
locations [20], however, is still rare. Collins found only
1214 in a series of 71 000 appendices (1.7%)[21]. Other
tumors include leiomyosarcoma, gastrointestinal stromal
tumor, Kaposi’s sarcoma, granular cell tumor, gangliocytic
paraganglioma, schwannoma, lipoma, hemangioma, and
neural tumors[2]. This case was identified as gastrointestinal
stromal tumor incidentally in the resected specimen of the
bleeding appendix.
GIST is the most common mesenchymal tumor in
the gastrointestinal tract. GIST used to be a collective
term referring to primary mesenchymal tumors of the
gastrointestinal tract. However, it is now considered to be
a particular tumor that originates from the interstitial cell
of Cajal (ICC), or its precursor in the GIT and therefore
has expression of the tyrosine kinase receptor KIT in
most cases[22]. The most frequent site is the stomach (52%),
followed by the small intestine (25%), the large bowel
(11%), and esophagus (5%) in order[23].
GIST of the appendix, however, is extremely rare with
few available cases in the literature to date. Miettinen and
Sobin described four cases of GIST of the appendix[3].
The patients were all men, aged from 56-74 years and half
of them had incidental diagnosis with a location of mid
or tip portion. Our case is similar to the previous reports
based on the aspects of sex, age, and location in the
appendix except for the unique presentation on admission
with acute hematochezia.
In conclusion, we report an interesting case of
hemorrhage occurring in the appendix, as appendiceal
GIST is extremely rare.
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Abstract
A 79-year-old previously healthy man presented with
acute acalculous cholecystitis with obstruction of the
biliary tract. He was successfully treated with antibiotics
and percutaneous transhepatic gallbladder drainage, but
returned to the hospital two days after discharge with a
rare complication of this technique, biliopleural fistula.
A thoracostomy tube was inserted to drain the pleural
effusion, and the patient’s previous antibiotics reinstated.
After two weeks of drainage and antibiotics, the fistula
healed spontaneously without the need for further
intervention.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
A biliopleural fistula (BF) can occur after events damag����
ing�
both the diaphragm and adjacent liver (eg, rupture of a
hydatid cyst, abscess), and is �����������������������������
a ���������������������������
rare complication of percutaneous transhepatic gallbladder drainage (PTGBD)[1-3].
We report a case of B�����������������������
F����������������������
that developed after ������
PTGBD
was ������������������������������������������������������
used to treat a patient with acute cholecystitis with
biliary tract��������������
obstruction.
������������� Our
�����������������������������
experience, and a review
of the literature, indicates that this complication can be
managed non-surgically[4-8].

www.wjgnet.com

C����
ASE REPORT
������
A 79-year-old previously healthy male was seen with
complaints of right upper quadrant pain, loss of appetite,
and fever� �����
(38.8℃)��. ��������������������������������������
Physical examination revealed icteric
sclera and positive Murphy’s sign. Heart
������������������
rate
������������
was 9��2
beats/min, respiratory rate �������
was 26
��� �������������
breaths/min. ������
Blood
count was r���������������������������������
emarkable �����������������������
for a white blood cell ������������
(WBC) count
of 11 010 cells/μL with 87.7% neutrophils. Abdominal
ultrasonography showed distention of the gallbladder
with ����������������
biliary sludge��. �������������������������������������
Gallbladder distention was also seen
on computed tomography (CT) imaging������������
.�����������
Admission
diagnosis was acute acalculous cholecystitis with biliary
tree obstruction. Percutaneous gallbladder aspiration was
attempted, however, the fluid was viscous and debris filled
and obstructed the needle.
ERCP was considered, but the patient disclosed a
history of allergic reaction to contrast media. Emergency
laparoscopic cholecystectomy (LC) was considered.
However, LC in cases of complete obstruction of the
biliary tree is frequently associated with difficulty dissecting
the cystic duct, high risk of biliary tract injury, high rate of
conversion to open cholecystectomy, and a high incidence
of postoperative bile leakage[9-11]. In order to avoid the
aforementioned complications, drainage of the gallbladder
was performed with consideration of LC after the patient’s
condition had stabilized.
With the patient in the left decubitus position, a
PTGBD tube was inserted at the mid-axillary line, through
the liver and into the gallbladder cavity��������������
under
�������������
direct
ultrasound guidance by an attending radiologist with 7
years experience (Figure
�������������������������������������
1A)��������������������������
. The ultrasound view was
observed during inhalation. About 150 mL of bile was
drained. Empiric antibiotic therapy of cefazolin 1 mg every
6 h, and gentamicin 8��������������
0�������������
mg every 1��2���������������������
��������������������
h was administered.
Culture was subsequently positive for Klebsiella pneumoniae,
sensitive to the current antibiotic regime. The patient’s
symptoms subsided by d 5 and he declined laparoscopic
cholecystectomy. The PTGBD tube was clamped on d 8,
antibiotics discontinued on d 10, and PTGBD tube was
removed on d 12. The patient was discharged the following
day.
Two days after discharge�����������������������
,����������������������
the patient retur ned
complaining of fever, dyspnea������������������������
�������������������������������
, and discomfort in the
right chest. Physical examination revealed a temperature
of 39.4℃, and decreased breath sounds in the right lower
chest. Laboratory studies were remarkable for a WBC
count of 11 450 cells/μL with 79.3% neutrophils, total
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�����
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Figure 1 A: Percutaneous transhepatic gallbladder drainage (PTGBD); B: Chest
x-ray showing blunting of right costophrenic angle secondary to pleural effusion
(arrow); C: CT showing pleural effusion in right chest cavity (arrow); D: Biliopleural
fistula.

bilirubin 1.1 mg/dL, and direct bilirubin 0.3 mg/dL. Chest
roentgenogram showed blunting of the right costophrenic
angle secondary to pleural effusion (Figure 1B). CT scan
of the chest and abdomen revealed right pleural effusion
and mild distention of the gallbladder (Figure 1C).
A percutaneous pleural drainage tube was inserted and
approximately 550 mL of dark-green, viscous fluid was
drained. A BF was suspected (Figure 1D). Biochemical
studies of this fluid revealed: glucose 5 mg/dL, total
bilirubin 16.7 mg/dL, direct bilirubin 9.7 mg/dL, and
lactic dehydrogenase 670 mg/dL. A diagnosis of BF was
made based on clinical findings and a pleural fluid/serum
ratio of total bilirubin > 1.0[2].
The previous antibiotic regimen was �������������
administered�
and drainage maintained. The initial drainage rate was
100 to 150 mL/d, and diminished over 2 wk. Cultures of
the fluid were positive for K. pneumoniae and E. coli��.� Chest
roentgenogram 2 wk after admission was normal. The
���� BF
���
had spontaneously closed. �������������������������������
The drainage tube was removed,
antibiotics discontinued, and the patient was discharged.

D���������
ISCUSSION
PTGBD is often used in the treatment of obstructive
g allbladder disease to relieve symptoms prior to
laparoscopic cholecystectomy, or palliatively in patients
who are poor candidates for surgery[1,9-12]. Because the
catheter may pass through the pleural cavity before
crossing the diaphragm en route to the gallbladder
when a transhepatic approach is used, the potential
for BF formation exists (Figure 1A). The likelihood of
fistula development increases with duration of catheter
placement and is the primary factor leading to fistula
formation[2]. One study reported that fistula formation
around a PTGBD occurs within 3 wk of placement[10].
Blockage of the biliary tree also increases the likelihood of
fistula development due to increased bile pressure[2].

		
Percutaneous pleural
drainage

Endoscopic
sphincterotomy

3269

PGBD with
subxiphoid approach

Temporary
transampullary stent

Figure 2 Suggestion of decompressed pathways for biliopleural fistula adapted
from the published literature[13,14].

Early diagnosis of BF can reduce���������������
��������������
complications
requiring surgery, and must be ruled out in any individual
with previous PTGBD who develops a right pleural
effusion[5]. Ultrasonography��, ��������������������������
CT������������������������
,�����������������������
and ������������������
radionuclide������
scan�
can identify bile collections, but cannot determine fistula
location[5]. A definitive diagnosis requires thoracentesis
to demonstrate bile in the pleural fluid and a total pleural
bilirubin level higher than that
�������������
��������
in serum [2]. Empyema
[7]
should also be ruled out .
Bile drainage from the pleural cavity can be done
conservatively with drainage tubes (Figure 2), or surgically.
Flexible, small diameter catheters are less traumatic
to inser t and more comfor table for the patient,
while large diameter catheters drain more rapidly.
Currently, no data from randomized studies provide
evidence for optimal size [8].� ���������������������������
Surgery is required if the
fistula is large or if diseased tissue must be debrided.� ���
If
drainage is un�����������������������������������������������
�������������������������������������������������
successful, the pressure gradient driving bile
into the thorax should be relieved by opening the cystic
duct, either through sphincterotomy and/or placement of
a stent (Figure 2). Some authors recommend endoscopic
sphincterotomy when symptoms persist more than 72 to
96 h after initial���������
����������������
drainage[5]. Sphincterotomy reduces the
mean basal sphincter of Oddi pressure to 1 ± 1 mmHg,
favoring the flow of bile into the duodenum[5].� ���������
Stenting
has been shown to significantly decrease morbidity and
mortality compared to surgical intervention[4,5].
The failure of bile drainage in acalculous cholecystitis
is thought to be due to ineffective contraction of
gallbladder smooth muscle. The somatostatin analog,
octreotide, has been used because it indirectly contracts
gallbladder smooth muscle and relaxes the sphincter of
Oddi. However,
�����������������������������������������������
n�������������������������������������
o randomized controlled trials using
www.wjgnet.com
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somatostatin or octreotide for this indication have been
conducted[5,6].����������������������������������������������
���������������������������������������������
The use of antibiotics as an adjunct to bile
drainage is important because: �����������������������������
(����������������������������
1) bacteria can enter along
the catheter path, ��������������������������������
(�������������������������������
2) bile is often infected, and ���������
(��������
3) bile
stasis encourages bacterial growth. Because the likelihood
of fistula formation is related to the length of time the
catheter is in place, prevention relies on decreasing the
duration of time the catheter is in place.
Our patient was a 79-year-old male who suffered
one episode of acute cholecystitis with biliary tract
obstruction. The delay in performing a LC due to the
high risk of complications, including conversion to
open cholecystectomy, was warranted. We employed�
���������
the transhepatic approach for drainage because of our
experience with this procedure and its desirable angle
of entry into the gallbladder. BF develops in a small
percentage, but considerable number, of patients who
undergo the PTGBD. Decreasing the length of time the
catheter is in place will reduce the likelihood of fistula
formation; however, a stepwise approach to management
is important. Conservative treatment including pleural
drainage, prophylactic antibiotics, and possible use
of somatostatin or an analog should be considered.
Sphincterotomy and stenting should be considered if
conservative treatment is ineffective. Surgical intervention
is warranted if the above stated measures fail.
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TO THE EDITOR
Inflammatory bowel disease (IBD) has emerged and dramatically increased in the last century with its cause remaining largely unknown[1,2]. Extensive studies have been
conducted, and many of them involved animal experiments[3,4]. To date, an animal model that exactly replicates
human IBD is still lacking[3,4]. As a result, gut damage is
usually induced in animals by chemicals or observed in
transgenic or knockout animals that have greatly enhanced
susceptibility[3,4]. Does IBD only occur in humans, but not
animals? This seems not the case. For instance, IBD is also a
common disease of the digestive tract in pet dogs and cats[5,6].
Why human-like IBD could not be induced in laboratory animals? It is well known that the incidence of IBD
is high in places with improved hygiene[1,2]. This was demonstrated by the high incidence of IBD in the developed
countries, in people with high social, economical, educational and occupational status, and in cold regions (north-

south gradient)[1,2]. Even in humans, such a big difference
in IBD exists between those with poor and good hygiene
condition[1,2]. The difficulty to induce IBD in laboratory
animals, is not surprising considering the fact that many
(rodents, rabbits, dogs, and even non-human primates)
have the habit of coprophagia (eating feces)[7]. Currently,
we have learned the importance of commensal gut bacteria in the genesis and development of IBD[3,8]. However,
it seems that IBD would not occur with either too little or
too much gut bacteria. The high incidence of IBD in pet
cats and dogs may probably attribute to the extra care and
cleanliness they have got. To mimic human IBD, extrameasures probably should be taken to reduce bacteria exposure in laboratory animals to emulate humans with high
hygiene conditions.
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TO THE EDITOR
We read with great interest the two articles in the December
2006 issue of your esteemed journal on the utility of music
therapy in the performance of colonoscopy[1,2]. The role of
non-pharmacological or cognitive behavioral interventions
in improving performance of GI Endoscopic procedures
is actively undergoing research world over. Ovayolu N et al
from Turkey found a positive effect and concluded that
music can decrease the dose of sedative medication[2]. This
is akin to the work done by other groups including our
own study form India[3,4].
Bechtold M et al from the USA. reported only marginal
benefit of music and the study did not bring forth any
clue towards decreasing the dose of drugs[1]. We would like
to point out the following aspects, which probably would
have affected the Bechtold study. (1) Choice of music: While the Turkish study utilized Turkish classical music,
the American study has mentioned their music intervention
as ‘relaxing’. The social and demographic structuring of
Turkey is more or less uniform, while in the USA; there is
a florid admixture of races from all over the globe. Since
music is a highly subjective perception, what is relaxing
for an American of Indian origin may not be soothing for
a Chinese or European settled in the U.S. In many music
therapy projects, Nature Music (soft instrumental music
admixed with nature sounds) is used as an intervention[4],
since it crosses all language, social and cultural barriers.
The American protocol should have utilized a music
intervention like Nature Music, which is more applicable
to all. Also, certain type of music can result in a discordant
effect in some people (e.g., an Indian who is keen on
Hindustani classical music may feel Rock music extremely
www.wjgnet.com

irritating). In situations where demographic variability
is high, like in the USA, self-selected music would be
ideal[5]. (2) The dose of the drugs given before starting
the procedure (‘zero dose’ or baseline dose) differs widely
in the two studies. The Turkish study gave a low baseline
dose of 10 mg and 1 mg of Meperidine and Midazolam
respectively, while the Bechtold study gave a high dose
of 50 mg of Meperidine and 2 mg of Midazolam. The
high dose of analgo-sedative medication given as ‘zero
dose’ failed to bring out the subtle beneficial effects of
music intervention, since patient would have already
been ‘knocked out’ as far as pain perception is concerned
even before onset of the procedure [6]. The ‘zero dose’
and mean dose of drugs are not grossly different in the
Bechtold study, confirming the fact that high ‘zero dose’
was given. There have been studies where participants
were willing to undergo colonoscopy without sedation[7].
Music intervention can be considered as something in
between no sedation and high dose sedation. So, if a high
dose medication is given at the outset, effect of music, if
any, would naturally get masked. Thus, to bring out the
effect of music intervention either a low 'zero dose' or
patient controlled sedation (PCS) has to be given[3]. (3)
The method of sample size assessment in the Bechtold
study appears to be suppor ted neither by existing
literature nor by logic. They expected a 3 min difference
in procedure time between music group and non-music
group. During colonoscopy, the patient is mostly passive
and the colonoscope is actively maneuvered in by the
colonoscopist. Procedure time is dependent on various
factors including technical expertise of the colonoscopist,
whether biopsy or polypectomy is being performed, prior
abdominal surgery causing adhesions, age, anatomical
peculiarities of the sigmoid colon etc. Since the patient has
mostly a passive role as far as procedure time is concerned,
music intervention given to the patient is unlikely to affect
procedure time in a big way. Due to the same reason, there
is a dearth of positive literature on the same. Music which
the patient is allowed to listen to has a stronger bearing
on pain, discomfort, satisfaction, anxiety, dose of drugs
administered etc. than on procedure time.
Other methodological problems, which were common
to both the Turkish and the American studies, were lack
of details on type of procedures performed. How many
underwent polypectomies? How many biopsies? What was
the adequacy of preparation? What percentage received
abdominal pressure to facilitate scope insertion? In what
percentage of cases ileum was entered?
In conclusion, we believe that the future protocols
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on music therapy research could probably inculcate the
above-mentioned factors too to achieve finer and more
dependable results.
4
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Abstract
The investigation of small bowel morphology is often
mandatory in many patients with Crohn’s disease.
Traditional radiological techniques (small bowel
enteroclysis and small bowel follow-through) have long
been the only suitable methods for this purpose. In
recent years, several alternative imaging techniques have
been proposed. To review the most recent advances
in imaging studies of the small bowel, with particular
reference to their possible application in Crohn’s
disease, we conducted a complete review of the most
important studies in which traditional and newer imaging
methods were performed and compared in patients with
Crohn’s disease. Several radiological and endoscopic
techniques are now available for the study of the small
bowel; each of them is characterized by a distinct profile
of favourable and unfavourable features. In some cases,
they may also be used as complementary rather than
alternative techniques. In everyday practice, the choice
of the technique to be used stands upon its availability
and a careful evaluation of diagnostic accuracy, clinical
usefulness, safety and cost. The recent development of

innovative imaging techniques has opened a new and
exciting area in the exploration of the small bowel in
Crohn’s disease patients.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The small bowel has been defined for many years as the
“black box” of the gastrointestinal system due to its
inaccessibility to endoscopic exploration. Indeed, until
recently, the only available endoscopic technique to explore
the small bowel, the so-called push enteroscopy, was very
seldom able of a complete small bowel exploration; this
may become an important limit, particularly in Crohn’s
disease which often involves the most distal portion of the
ileum[1].
Therefore, the conventional radiological methods, i.e.
small bowel enteroclysis (SBE) and small bowel followthrough (SBFT), have long been the only imaging methods
providing information on the morphological features of
the small bowel valuable in the diagnosis and management
of Crohn’s disease.
In the last few years, several alternative techniques have
been proposed for imaging of the small bowel. Indeed,
the evaluation of bowel wall features, as well as of extraintestinal involvement by bowel ultrasound (US), has
gained diffuse popularity. At the same time, developments
in hardware and software components, as well as in the
use of contrast media, have led Magnetic Resonance (MR)
and Computed Tomography (CT) to have a recognized
role in the study of intestinal diseases and of their intraabdominal complications.
www.wjgnet.com
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Figure 1 Small bowel enteroclysis.
Evidence of narrowing and alterations in
the terminal ileum and presence of an
entero-vesical fistula.

Furthermore, recently the direct visualization of the
mucosa of the whole small bowel has become possible
thanks to the development of video-capsule endoscopy
(VCE) and of “double-balloon” enteroscopy.
The aim of this review is to point out the most recent
advances and the advantages and limitations of the
various imaging techniques now available for the study of
the small bowel, with particular reference to their use in
patients with suspected or proven Crohn’s disease.

CONVENTIONAL RADIOLOGY
As stated before, investigation of the small bowel in
Crohn’s disease has been based for a long time on
radiological techniques, such as small bowel enteroclysis
(SBE) and small bowel follow-through (SBFT).
Typical small bowel changes which can be observed by
means of these techniques include irregular thickening and
distortion of the valvulae conniventes, loops adhesions
(mass-like effect) or separated loops because of wall
thickening and mesenteric inflammatory infiltration.
Transverse and longitudinal distribution of ulcerations
can separate islands of thickened internal wall, resulting
in the typical cobblestone appearance. Strictures are often
separated by healthy bowel tracts (skip lesions); impaired
small bowel peristalsis is commonly observed within rigid
stenotic tracts. Extrinsic compression may be observed,
due to mesentery lymph node enlargement[2,3].
The conventional technique was historically able to
differentiate between Crohn’s disease, granulomatous
enteritis and ulcerative colitis[2,3].
Both SBE and SBFT, when performed by experienced
examiners, appear to be characterized by similar sensitivity
(85%-95%) and specificity (89%-94%) in detecting
the radiological lesions typical of Crohn’s disease. The
preference for one technique or the other largely depends
on institutional standards [4,5] while the preference of
patients is usually in favour of SBFT since no nasal (or
oral) intubation is required. SBFT is also usually associated
with a lower radiation exposure and is a less expensive and
time consuming examination; moreover, SBFT does not
miss duodenal disease[6].
Both procedures are able to evaluate small bowel
peristalsis, the intra-abdominal distribution of bowel loops,
the presence of strictures and dilatations, the distensibility
of the intestinal lumen, the presence of fistulae (Figure 1),
the morphology of circular folds and other features of the
www.wjgnet.com
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Table 1 Main US features observed in Crohn’s disease (modified
[93]
from Maconi et al )
Features
Bowel wall
Thickening
Echopattern
Vascularity
Contours
Stiffness
Haustra coli
Peristalsis
Location and extension
Site
Bowel involvement
Extra-intestinal alterations
Mesenteric hypertrophy
Enlarged regional lymph nodes
Fistulae and abscesses

Crohn’s disease
4-14 mm
Variable
Variable
Variable
Often present
Absent
Often weak or absent
Ileum 70%
Often divided into segments
Common
Common
Common

mucosal surface. All this information is very valuable in
the evaluation of patients with Crohn’s disease.
Also, since SBE and SBFT have represented the
standard approach for a long time, they are now commonly
used as terms of comparison in evaluating the diagnostic
accuracy of all new imaging techniques.

BOWEL ULTRASOUND
The first attempts to study Crohn’s disease by means of
ultrasound (US) date back to the late Seventies[7]. Since
then, many studies have addressed the possible role of this
technique in diagnosing and monitoring Crohn’s disease
with continuous improving quality in US imaging due to
evolving technological advancements.
The main ultrasound findings in Crohn’s disease are
represented by thickening and stiffness of the gut wall,
modifications or lack of its echostratification, reduction
of peristalsis, mesenteric fibro-fatty proliferation, lymph
node enlargement; in case of complications, narrowing of
the intestinal lumen, abscesses and fistula are usually easily
detectable (Table 1).
At least four studies have prospectively compared
the diagnostic accuracy of US with that of radiological
studies, endoscopy or surgery in suspected Crohn’s disease
at diagnosis[8-10]. In these studies, the sensitivity of US
ranged between 84% and 90% and its specificity reached
98%-100%.
The capacity of US to detect the exact location of
Crohn's disease was also compared with the findings at
radiology, endoscopy or surgery in some studies[11-16]. In
the largest series[12], the overall sensitivity was 93% and the
specificity was 97%, the highest sensitivity (95%) being
reached when the disease involved the terminal ileum.
The use of US has also been proposed in the follow-up
of patients with known Crohn’s disease, not only when an
abdominal complication (i.e. strictures, abscesses or fistula)
is suspected, but also in asymptomatic patients in order
to identify the occurrence of complication(s) at an earlier
stage[17].
Indeed, US compares very well with radiological
techniques and surger y, mainly in the detection of
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Table 2 Detection of strictures in Crohn’s disease: comparison
between US and conventional radiology or surgery (prospective
studies)
Author (ref)
Maconi et al[18]
Kohn et al[20]
Gasche et al[19]
Parente et al[12]

Patients (n )

Comparator

98

Sensitivity Specificity

Small bowel/
74%
barium enema
44
Small bowel enema 82%
33
Surgery/pathology 100%
211
Small bowel enema 79%
85 (operated) Surgery
90%

93%
100%
91%
98%
100%

Adapted from Parente et al[22].

strictures and abscesses, while for fistulas data are more
conflicting and less satisfactory, with sensitivity values
ranging from 50% to 87% and specificity values from 90%
to 95%[12,18-22] (Tables 2 and 3).
Repeated US examinations may be of help in the
follow-up of Crohn’s disease patients after surgery; indeed,
in this setting US is able to detect endoscopic recurrence
after resective surgery [23,24]. Also, in one study, in non
operated patients, increased bowel thickness was the major
risk factor for intestinal resection in the following 12
mo[25]; its persistence after conservative surgery appears
to identify those patients at highest risk of clinical and
surgical recurrence[26].
The use of US has also been proposed as a possible
tool in the assessment of disease activity. However, a
weak correlation between US findings and clinical disease
severity is usually observed[11,16].
Recently, the use of Power Doppler methods and
of oral (polyethylene glycol, PEG) and/or intravenous
(Levovist) contrast media, have been suggested to improve
the diagnostic accuracy of US, particularly in discriminating
inflammatory from fibrotic strictures and in better defining
the presence of internal fistulas[27]. These observations are
promising, but still too preliminary to suggest the use of
these techniques in routine clinical practice.

COMPUTED TOMOGRAPHY
Since the first studies suggesting its possible role in the
management of Crohn’s disease patients [28], Computed
Tomography (CT) has usually been utilized for the
detection of extra-enteric complications of Crohn's
disease, mainly intra-abdominal abscesses, but is also
suitable in the evaluation of strictures, prestenotic
dilatations and fistulas. Non-enhanced CT scan is also
used in the diagnosis of post-surgical complications
(intra-peritoneal abscesses, anastomotic deiscence, extraabdominal abscesses and fistulas, incisional hernias, ascites,
volvolus, bowel adhesions, etc.).
This diagnostic technique has also evolved more
recently in contrast-enhanced examination, using
intravenous administration of iodine contrast agents, and
CT-enteroclysis, that can be obtained by means of a fairly
large amount (1500 to 2000 mL or more) of contrast agent
administered orally or by the positioning of a nasojejunal
tube; this technique usually allows the evaluation of the
colon as well.

Table 3 Detection of intra-abdominal abscesses in Crohn’s
disease: comparison between US and CT or surgery (prospective
studies)
Author (ref)
Maconi et al[18]
Gasche et al[19]
Maconi et al[21]

Patients (n ) Comparator
58
33
128

CT scan
Surgery/pathology
Surgery

Sensitivity Specificity
83%
100%
91%

94%
92%
87%

Adapted from Parente et al[22].

Commonly intravenous and intra-luminal contrast
agents are used in combination [29-31]. Various types of
intra-luminal contrast media were used to allow negative
or positive contrast between the intestinal wall and
the lumen [29-35]. Negative intra-luminal contrast agents
facilitate the demonstration of normal and diseased
bowel segments, particularly after intravenous contrast
administration[36].
As a bowel distension media, some authors used a
combination of water and iodined contrast agent, or pure
water alone. Some authors prefer methylcellulose-water[34];
the latter solution requiring a semi-automatic injector
pump.
An appropriate patient preparation with intestinal
cleaning should be performed; the small bowel tract should
be clean and empty, with lumen distension[32,37,38], avoiding
collapsed loops that may mimic wall thickening, strictures
and enlarged lymph nodes or abscesses, that can result in
diagnostic mistakes[30,33,34].
The intravenous injection of an antiperistaltic drug
immediately prior to scanning, blocking the peristalsis,
minimizes bowel movement or contraction and allows
better intra-luminal distension avoiding the progression of
the enteral solution.
A recent study demonstrated that noninvasive peroral
CT evaluation of the small bowel is as accurate as CT
with jejunal infusion in detecting active small bowel
inflammation in Crohn’s disease patients[39].
The main findings at CT scan observed in Crohn’s
disease patients, are small bowel wall stratification and/or
thickening (“target” or “double halo” appearance), with or
without contrast enhancement, oedema of the mesenteric
fat, engorged ileal vasa recta (“comb sign”), sub-mucosal
fibro-fatty infiltration and mesenteric adenopathy. The
pattern and length of mural contrast enhancement should
be carefully evaluated. Wall enhancement is a direct
expression of trans-mural inflammation; on the contrary,
a thickened non-enhancing tract is usually the result of
the evolution in submucosal or trans-mural fibrosis. The
limited spatial resolution of conventional helical CT
images results in lower rates of demonstration of early
disease manifestations and of fistulas and sinus tracts,
when compared with enteroclysis examinations.
More recently, the development of multislice helical CT
scanners improved visualization of the small bowel[40-42],
and abdomen in general, both with higher spatial and
temporal resolution acquiring isotropic voxel slices in a
single breath-hold scan. These examination modalities
allow better three dimensional reconstruction methods
(multiplanar reconstruction, volume rendering and surface
www.wjgnet.com
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Figure 3 Magnetic resonance, coronal
3D T1-weighted gradient-echo, after
intravenous administration of gadolinium
contrast agent. Young male patient
with known Crohn's disease, recurrent
abdominal pain in MR staging of the
disease before therapy. The straight white
arrow shows the last segment of small
bowel with thickened wall and typical
selective submucosal enhancement in the
arterial phase. The curved white arrow
shows a normal intestinal segment with
thin wall and no contrast enhancement.
Figure 2 Magnetic resonance, axial T2-weighted fast spin-echo. Mean age female
patient with recurrent abdominal pain. This image shows homogeneus small bowel
loops distention and thin wall, thus negative for Crohn's disease.

shading display) and volumetric-through navigation (the so
called virtual CT-endoscopy).
When compared to endoscopy, small bowel enteroclysis
and surgery in the evaluation of small bowel inflammation,
CT shows a sensitivity ranging between 71% and 83% and
a specificity between 90% and 98%[43,44]. Whether CT scan
is also able to assess disease activity in Crohn’s disease
patients, remains unclear.
In any case, CT plays a relevant role in the acquisition
of additional information on extra-luminal complications
(mainly intra-abdominal abscesses) and extra-enteric
abnormalities[43].
Also, CT represents the standard technique to guide
abscess drainage when ultrasound guided drainage is not
possible[44].

MAGNETIC RESONANCE
Magnetic resonance (MR) imaging is a non-invasive, nonionizing radiation diagnostic technique able to obtain
multiplanar diagnostic information about intra- and extramural involvement of the small bowel by Crohn’s disease
and its complications[45-47].
MR evaluation of the small bowel had no clinical
application and was still considered an experimental
technique until the late Nineties mainly because of poor
quality in depicting the gastrointestinal tract. Later, MR
technical improvements (multichannel and phased-array
coils, faster gradients; fast and ultrafast gradient echo
and steady state sequences) allowed a deeper insight into
luminal and extra-luminal structures with higher spatial
resolution during breath-holding.
Small bowel distension with intra-luminal contrast
agent had been known for years in conventional X-ray
enteroclysis with barium solution, when it was first
reported in publications relating to MR imaging [48-50].
Nowadays, this approach should be considered mandatory
in order to obtain bowel loop separation and good contrast
resolution between lumen, wall and extra-mural structures.
The first examples of new sequences and bowel
distension were reported in the late 1990s[51], comparing
spin-echo unenhanced sequences with spoiled gradientecho images with intra-luminal barium contrast agent and
intravenous Gd-base paramagnetic contrast, obtaining
greater diagnostic value in identifying small bowel wall
www.wjgnet.com

abnormalities.
Nowadays, thanks to powerful gradients MR, there
is a wide use of fast spin-echo and fast gradient echo
sequences that are able to acquire 20-30 slices during a
single breath-hold. Spectral fat saturation can be added
to T2-weighted sequences to maximize contrast between
lumen and wall and between bowels and mesenteric fat[52].
Intra-luminal contrast agents can be administered
orally or by nasojejunal catheter (NJC). Contrast media
are commonly classified as positive, biphasic or negative,
according to their action on signal intensity [53] . Oral
administration is obviously better tolerated than the
positioning and introduction through an NJC. However,
the latter technique allows better distension of the small
bowel loops because of higher injection pressure in a
shorter time.
The necessity to minimize bowel movements during the
acquisition is satisfied using an antiperistaltic drug (usually,
joscine N-butylbromure) administered intravenously when
the patient is positioned inside the MR unit. The use of
intravenous paramagnetic contrast agent is a powerful
tool to detect the precise localization of the disease[51], or
to evaluate the persistence of inflammation despite active
therapy[54,55]. Moreover, it also facilitates the diagnosis of
mesenterial abscesses, fistulae, and other abdominal or
extra-abdominal complications. Gd-chelates are commonly
used, followed by 10-20 mL of saline flush.
Arterial and later acquisition phases can be important
to distinguish the submucosal enhancement in the arterial
phase, that is a distinctive diagnostic sign of active disease
in an intestinal segment, especially if the wall is locally
thickened. The optimal contrast enhancement can be
achieved using fat-saturated sequences.
Importantly, a good correlation between the degree
of wall enhancement after intravenous contrast injection
and disease activity, calculated using the Crohn’s Disease
Activity Index (CDAI), has been obtained, with an overall
high specificity for MR findings[56]. Several recent studies
have shown that MR enteroclysis is characterized by high
sensitivity and specificity (> 80%) in the diagnosis and
evaluation of Crohn’s disease[57-59] (Figures 2 and 3).

VIDEO CAPSULE ENDOSCOPY (VCE)
The introduction in clinical practice of VCE has made
available, for the first time in history, a potentially safe
and painless endoscopic method to evaluate the entire
small bowel.
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Figure 4 Capsule endoscopy.
Multiple ulcers of the terminal
ileum leading to lumen substenosis.
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Table 4 Incremental yield of capsule endoscopy over the other
modalities in patients with suspected Crohn’s disease (from
[63]
Triester SL et al )
P
Yield of other % Incremental
Yield of
yield for capsule
modalities
capsule
endoscopy (95% CI)
(%)
endoscopy (%)
vs Small bowel
radiography
vs Ileoscopy
vs CT
enterography

43

13

24 (-0.3-0.51)

0.09

33
70

26
21

7 (-0.12-0.25)
40 (-0.03-0.83)

0.48
0.07

CT: Computed tomography.

Figure 5 Capsule endoscopy.
Linear ulcer of the jejunum.

Table 5 Incremental yield of capsule endoscopy over the other
modalities in patients with established Crohn’s disease (from
[63]
Triester SL et al )
Yield of
Yield of
other
capsule
endoscopy modalities
(%)
(%)
vs Small bowel
radiography
vs Ileoscopy
vs CT
enterography

Since its introduction and on the grounds of many
papers published in the last five years, VCE has
quickly become an essential diagnostic tool in many
disease conditions involving the small bowel, although,
at the beginning, Crohn’s disease was considered a
contraindication for VCE due to the risk of asymptomatic
strictures potentially leading to capsule retention.
However, the first suggestion of the possible role
of VCE in diagnosing Crohn’s disease came from the
unexpected findings of small bowel lesions (observed
with a frequency of about 10%) which were suspected
for Crohn’s disease (Figures 4 and 5) in several series
of patients who had been evaluated for obscure
gastrointestinal bleeding[60-63]. Most of these patients only
had obscure gastrointestinal bleeding with no symptoms
of Crohn’s disease and had been thoroughly evaluated
with an extensive endoscopic and radiologic diagnostic
work-up before performing VCE. Thus, the presence of
these unexpected findings at VCE suggested its superiority
in detecting Crohn’s disease lesions in patients with mild
clinical suspicion and negative traditional imaging studies.
Indeed, in this clinical setting, VCE appears to be superior
to the other, most frequently used, diagnostic techniques
(SBE, SBFT, retrograde ileoscopy, entero-CT and enteroMR) although a recent meta-analysis failed to show
statistically significant differences in the diagnostic yields
of VCE versus other imaging techniques[63-71] (Table 4).
A recent, single-centre, prospective study[72] evaluated
the accuracy of VCE in diagnosing Crohn’s disease
in a cohort of patients with suspicion of the disease
(defined as diarrhoea of more than three months duration
accompanied by anaemia, and/or weight loss, and/or

% Incremental NNT P
yield for capsule
endoscopy
(95% CI)

78

32

51 (0.31-0.70)

2

< 0.001

86
68

60
38

26 (0.08-0.43)
30 (0.12-0.48)

4
-

0.002
< 0.01

CT: Computed tomography; NNT: Number needed to treat.

fever, and/or extra-intestinal manifestations) after 21 mo
of follow-up. This study showed high sensitivity, specificity
and positive and negative likelihood ratio (93%, 84%,
5.8 and 0.08, respectively) of this new diagnostic tool in
diagnosing Crohn’s disease.
The role of VCE has also been assessed in patients
with known Crohn’s disease. Several recent studies[63,73-78]
highlighted the superior diagnostic yield of VCE (ranging
from 61% to 77%) when compared to that of SBFT, SBE
or entero-CT (ranging from 19% to 26%) in assessing
small bowel involvement in patients with a previous
diagnosis of Crohn’s disease. In this setting, VCE appears
to have a superior capability in evaluating the extent of
small bowel involvement when compared with push
enteroscopy[76,78] (Table 5).
There are, however, some limitations to take into
account in evaluating these data. In patients with clinically
suspected Crohn’s disease with no further evidence of
the disease, one should be cautious in interpreting VCE
findings. In fact, the significance of isolated lesions or
mucosal breaks in the small bowel is not clear, since they
may be observed also in normal subjects [79], and more
frequently in subjects taking NSAIDs[66,79]. Thus, before
giving a diagnosis of Crohn’s disease to a patient with VCE
small bowel lesions only, a careful and thorough clinical
evaluation should be performed.
Performing VCE may be helpful in evaluating patients
with indeterminate colitis (IC). Indeed, in some series[80,81],
20%-50% of IC patients are characterized by the presence
of small bowel lesions, leading to a change in their
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Table 6 Pros and cons of the different imaging techniques in
the study of the small bowel in Crohn's disease

Bowel
ultrasound

Conventional
radiology

PROs

CONs

-Non invasive, safe
and well accepted
-Widely available
-Information about
gut wall and
extra-intestinal structures
-Exact anatomic location
and extent of the lesions

-Operator dependent
-False negative in case
of superficial and rare
lesions

Entero MR

-Information about
gut and extra-intestinal
structures
-Identification of
active inflammation
-Multiplanar sequences
Entero CT
-Information about gut
and extra-intestinal
structures
-Mulitplanar sequences
VCE
-Allows the complete
evaluation of the
small bowel
-High diagnostic yield
-Useful in
indeterminate colitis
-Well tolerated
Double-balloon -Allows the complete
evaluation of the
small bowel
-Therapy and biopsies
are feasible

-Limited information about
trans-mural and
peri-intestinal abnormalities
-Radiation exposure
-costly
-Impossible to enter
the magnet
-IV infusion

-Radiation exposure
-IV infusion
-False negative in case of
superficial and rare lesions
-Unfeasible if significant
stricture present
-Not well established
specificity of VCE findings

-Invasive procedure
requiring sedation and
fluoroscopy
-No data

diagnostic definition.
Further possible applications of VCE have been
suggested in a paediatric setting[82], in the evaluation of
post-surgical recurrence [64] and in the surveillance of
mucosal healing after biologic therapy[64].
The major limitations of the use of VCE in Crohn’s
disease are represented by an incomplete evaluation of the
small bowel, occurring in 20%-35% of patients[83,84], and
by the possibility of capsule retention, occurring in 1%,
4%-6%, 7% of patients with Crohn’s disease[85]. To avoid
this complication, it is debated whether or not radiological
study should be performed before VCE[85]. Further studies
are also needed to clarify the possible role of a timecontrolled dissolving capsule to be performed before
VCE[86-88].

DOUBLE BALLOON ENDOSCOPY
Double balloon enteroscopy (also called push and pull
enteroscopy) was described for the first time by Yamamoto
et al[89] in 2001.
The principle of the double balloon technique allows
not only a complete endoscopic evaluation of the small
bowel but also makes it possible to take biopsies and
to carry out therapeutic interventions along the whole
small bowel[90,91]. However, even though double balloon
enteroscopy appears a safe and useful technique, when
www.wjgnet.com
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compared with VCE it results in an inconvenient and
invasive procedure requiring specialized equipment, sedation
of patients, fluoroscopy and prolonged examination time.
Preliminary data suggest its possible use in the diagnosis
of Crohn’s disease [90,91]; however, to date, there are no
published studies comparing double balloon enteroscopy
with capsule endoscopy or other imaging modalities in the
diagnosis of small bowel Crohn’s disease.

CONCLUSION
In recent years, several radiologic and endoscopic techniques have been developed for the study of the small
bowel. Each of these techniques is characterized by its
own profile of favourable and unfavourable features. The
main pros and cons of the different techniques used for
the evaluation of the small bowel in Crohn’s disease are
summarized in Table 6.
Ultrasound and entero-MR appear to be particularly
interesting, since neither of them use ionizing radiation.
The main advantage of MR 'enteroclisys' over ultrasound
is the panoramic view over the whole abdominal cavity,
allowing the detection of disease involvement in other
gastrointestinal segments or abdominal organs. Moreover,
ultrasound is an operator-dependent technique and its
use is limited in patients with a large abdomen[12]. On the
other hand, ultrasound is a low cost and easily available
diagnostic tool.
Thus, we believe that when the diagnosis of Crohn’s
disease is established and we want to investigate the small
bowel, one of these two tests should be performed, and
the choice should be based on the presence and availability
of the techniques and of experienced operators in the area.
A different choice may be performed when the diagnosis
has to be reached, particularly in patients suspected of
Crohn’s disease and negative upper and lower endoscopy.
In these cases, endoscopy appears to be superior to all
other techniques, particularly when minute lesions are
suspected; thus, capsule endoscopy (when no suspicion of
a significant stricture exists) or double balloon enteroscopy
should be the preferred tests to be performed. In cases
of only isolated lesions and in the absence of a typical
histological picture, one should be cautious before making
a diagnosis of Crohn’s disease on the basis of these
findings only.
In general, when we care for patients with Crohn's
disease we should always keep in mind that, during the
natural course of the disease, these patients will undergo
repeated examinations in their follow-up: thus, our goals
should always be (1) to perform tests only when they are
expected to provide important clues for the management
of the patients and (2) to choose those tests with the best
profile of diagnostic accuracy and safety.
Keeping this in mind, we have to recognize that all
these new developments have opened a new and exciting
area in the exploration of the small bowel.
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Abstract
Ulcerative colitis (UC) is a relapsing and remitting
disease characterised by chronic mucosal and
submucosal inflammation of the colon and rectum.
Treatment may vary depending upon the extent and
severity of inflammation. Broadly speaking medical
treatments aim to induce and then maintain remission.
Surgery is indicated for inflammatory disease that is
refractory to medical treatment or in cases of neoplastic
transformation. Approximately 25% of patients with
UC ultimately require colectomy. Ileal pouch-anal
anastomosis (IPAA) has become the standard of care
for patients with ulcerative colitis who ultimately require
colectomy. This review will examine indications for
IPAA, patient selection, technical aspects of surgery,
management of complications and long term outcome
following this procedure.
© 2007 The WJG Press. All rights reserved.
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INDICATIONS FOR SURGERY
Acute
Colectomy most often follows failure of medical treatment
for severe and extensive colitis. Toxic dilatation (colon
> 6 cm), perforation and haemorrhage are less common
indications. The decision to operate is taken jointly and
involves daily communication between gastroenterology
and surgical teams. Patients receiving high dose intravenous
steroids who have a stool frequency of > 8 per day on
www.wjgnet.com

the third treatment day are likely to require colectomy[1].
Similarly those with a stool frequency of 3-8 stools per day
who have a CRP > 45 mg/L are unlikely to settle. Failure
to respond after 5-7 d or any significant deterioration
during this period is an indication for colectomy. Patients
who initially respond but promptly relapse with the
reintroduction of diet are also likely to require colectomy.
Pouch surgery should be avoided in the acute setting. It is
customary to instead, perform subtotal colectomy with an
end ileostomy. The colon is mobilized and vessels taken
relatively close to the bowel wall. The sigmoid stump
is stapled and left long allowing it to be secured with
sutures in the subcutaneous space at the lower pole of
the wound. Any stump dehiscence will then result in an
easily manageable fistula rather than a pelvic abscess and
the sigmoid will be easy to locate at reoperation. A Foley
catheter is used to decompress the rectum for a period of
3 or 4 d.
Chronic
Large bowel malignancy is ultimately thought to complicate
UC in 5% of cases. Meta-analysis has estimated that 2%
of those with colitis develop cancer at 10 years, increasing
to 8% at 20 years and 18% at 30 years[2]. Magnitude of risk
may be decreasing secondary to the effects of screening,
prophylactic surgery and adoption of maintenance antiinflammatory therapy [3]. Nonetheless a family history
of colorectal cancer[4] and pan-colitis[5,6] currently mark
subjects as high risk. Frequency and severity of relapse are
also considered significant factors[7]. Those with PSC are at
highest risk of colorectal cancer[8].
Discovery of dysplasia in large intestinal mucosal
biopsies provides the best surrogate measure of malignant
transformation. Patients judged to be at high risk are
subject to colonoscopic surveillance with the aim of
detecting dysplasia [9]. Dysplasia associated with UC is
microscopically classified as either low (LGD) or high
(HGD) grade depending upon the degree of cytological
and architectural disturbance. Endoscopic classification
defines lesions as flat or raised with further subdivision
of raised lesions according to their macroscopic
appearance. Raised areas resembling conventional
adenomas but situated within an area of colitis are
designated as adenoma-like lesions or masses (ALMs).
These pedunculated or sessile polyps are usually amenable
to endoscopic resection [10] . Areas that demonstrate
pronounced irregularity are termed dysplasia-associated
lesions or masses (DALMs). These include plaques,
velvety patches, areas of nodular thickening and broad
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based masses. Such lesions are typically not endoscopically
resectable in their entirety.
The vast majority of UC related lesions are macroscopically visible, especially following indigo carmine dyespray[11]. Complete local excision and surveillance yields a
good prognosis, irrespective of the degree of dysplasia.
Continued surveillance will identify further ALMs in
50%-60% of patients with flat dysplasia arising in only a
small proportion (< 5%)[10,11]. DALMs are usually more
challenging to endoscopically remove due to their irregular
morphology but in cases where local resection is achieved
with clear margins this may be all that is required [12].
Endoscopic assessment of the whole colon must be
achieved by an experienced practitioner with facility to
use dye-spray techniques in order to uncover otherwise
‘occult’ colonic lesions[11]. Indications for proctocolectomy
following the discovery of a dysplastic mass in our practise
are (A) incomplete excision of that mass or (B) discovery
of multifocal flat dysplasia of any grade at sites either
near to or remote from the index lesion. Biopsy samples
must be taken beyond the perimeter of a sessile mass
to uncover patients who possess a wider field change.
The incidence of underlying malignancy in those who
undergo proctocolectomy for DALM is in the order of
30%-40%[12].
The finding of HGD in otherwise flat mucosa is an
indication for proctocolectomy as the risk of underlying
malignancy is in the order of 40%[13]. This is a relatively
unusual finding as isolated HGD is more often associated
with some form of discernable lesion. Management of
LGD in the absence of a macroscopic lesion is more
controversial as its natural history is still hotly debated.
It should be appreciated that there is significant interobserver variability in the reporting of LGD even amongst
experienced gastroenterological histopathologists[14]. One
problem is that biopsies taken from regenerative mucosa
following an exacerbation of UC may be mistaken for
LGD. Some institutions favour immediate proctocolectomy
for LGD based upon studies demonstrating a 20% risk
of occult malignancy at presentation with 50% disease
progression in 5 years[13]. We favour a more conservative
approach that consists of intensified surveillance with
colonoscopy at 6-monthly intervals even in cases of
multifocal flat LGD. We believe that thorough endoscopic
examination by an experienced clinician obviates the need
for routine colectomy for LGD. This strategy has been
safely adopted in specialist centres with rates of disease
progression between 3% to 10% at 10 years[14,15].

CHOICE OF OPERATION
Three operative strategies are in common use for
the definitive surgical treatment of UC patients. (1)
Proctocolectomy and end ileostomy removes all diseased
tissue at the expense of a permanent stoma. This option
is undertaken in patients with poor sphincter function.
It is also used in those patients who are happy with their
ileostomy following subtotal colectomy and do not wish
to consider a pouch. (2) Subtotal colectomy and ileorectal
anastomosis (IRA) is a compromise procedure in which a
minimally diseased rectum is retained. The rectum must
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be distensible and retain its capacity to act as a reservoir.
This can be confirmed using flexible sigmoidoscopy or a
contrast enema. There should be no evidence of colonic
dysplasia or malignancy. These criteria are seldom met
and this option is rarely used. Function is difficult to
predict following IRA when one quarter of patients suffer
from unacceptable stool frequency as a consequence of
persistent rectal inflammation. Long-term endoscopic
follow up of the retained rectum is essential due to the
risk of malignant change. (3) Finally ileal pouch-anal
anastomosis (IPAA) has become the standard of care
for patients with ulcerative colitis who ultimately require
colectomy. This procedure was initially developed by
Parks and Nichols during the 1970’s[16]. They combined
elements of Kock’s continent pouch[17] with a technique
of rectal mucosal excision, used for the removal of rectal
adenomata and haemangiomata [18,19]. Their ileal pouch
reservoir was anastomosed to the dentate line using a peranal suturing technique[16]. In a relatively short period of
time this technique had become the preferred surgical
option for treatment of UC. The advent of stapling
instr uments greatly simplified IPAA surgery, but it
remains a complex undertaking with the potential to cause
significant morbidity[20]. This approach is popular with
patients as it avoids the necessity for a long-term stoma.
Pouch surgery aims to deliver 5 or 6 semi-formed bowel
motions per day, with no night time evacuation and no
incontinence. Successful outcomes are built upon sensible
patient selection, clear pre-operative counselling, an
operative strategy appropriate to the patient and expedient
management of any complications.

PATIENT SELECTION FOR ILEAL POUCH
SURGERY
Age
‘Elderly’ sphincters were initially considered too weak
to undergo the prolonged anal dilatation necessary
for mucosectomy and per anal suturing of the IPAA.
Introduction of the ‘double stapled’ IPAA technique
meant that prolonged anal dilation could be avoided and
reports emerged of IPAA in the 50-70 age group [21-26].
Delaney et al [27] found no difference in daytime stool
frequency (5-6 stools per day) in 1410 patients < 45 years,
compared to 485 over this age with a median follow up of
4.6 years. Nocturnal frequency was a little better in younger
subjects (mean 1.4 versus 1.93) during the first year. At
one year, episodes of incontinence were reported by one
quarter of those below 45 and half of those > 55 years.
Night time seepage occurred in one third and one half of
patients respectively. Farouk et al[28] found that nocturnal
stool frequency, faecal incontinence, protective pad
usage and consumption of constipating medication were
higher in patients aged 45 or more at the time of IPAA.
Pouch function deteriorated over time in older but not
younger patients. Nonetheless high levels of satisfaction
were achieved amongst older patients despite inferior
functional results. In summary, surgical complications and
pouch preservation rates appear to be independent of
age at operation, whilst continence and quality of life are
www.wjgnet.com
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generally a little worse with advancing years. IPAA surgery
is routinely performed in well motivated elderly individuals
without symptomatic disturbance of the anal sphincters.
Indeterminate colitis
A definitive histopathological diagnosis of UC or Crohn’
s is not always possible following colectomy for colitis.
In 10%-15% of surgical specimens a diagnosis of
indeterminate colitis (IndC) is made[29-31]. Differentiation
between UC and Crohn’s is usually made difficult by the
presence of severe inflammation. For example transmural
ulceration in fulminant UC may mimic that normally
associated with Crohn’s disease[32]. Examination of preoperative biopsy specimens may yield an accurate diagnosis.
Alternatively, the behaviour of the retained rectum may
be followed. In UC, florid inflammatory changes are typical
while in Crohn’s the rectum will tend to improve following
diversion[33-36]. Appendiceal orifice inflammation sometimes
termed the appendiceal ‘skip lesion’ can be an additional
source of confusion[37-39]. This is considered to be a normal
variant of UC being found in 24/94 patients (26%) with
active subtotal ulcerative colitis[40].
A diagnosis of Crohn’s disease will subsequently be
made in 4% to 15% of patients initially labelled as IndC[41].
Clinicians make every effort to define this population prior
to embarking upon ileal pouch surgery. While the majority
of patients with IndC obtain good results from IPAA
surgery, pelvic sepsis and pouch failure may occur more
frequently. This is largely due to the emergence of patients
with Crohn’s disease. At 10 years 85% of those with IndC
retain their pouch. The issue of outcome following IPAA
for IndC has been addressed in two major studies. The
Mayo Clinic compared outcome after IPAA for patients
with IndC (n = 82), versus UC (n = 1355) [41] . More
Crohn's disease emerged in those with IndC (15% vs 2%);
median follow-up of 7 years. As a consequence pouch
failure was significantly higher for the IndC group (27%
vs 11%; P < 0.001). Outcome in patients with IndC who
did not convert to Crohn’s was similar to those with UC;
although more non-Crohn’s IndC patients did manifest
pouch fistulas. 85% of pouches were retained at 10 years.
Pre-operative features most associated with a subsequent
diagnosis of Crohn’s were atypical disease distribution
such as skip lesions and rectal sparring. The Cleveland
Clinic reported more encouraging results but over a period
of just 3 years[42]. A post-operative pathological diagnosis
of IndC was recorded in 171/1911 IPAA patients (9%).
Pouch failure rates were 3% for both UC and IndC.
Conversion to Crohn’s occurred in 4% of IndC versus 0.4%
of matched UC controls. While daytime stool frequency
was equivalent (6 ×), those with IndC had worse night
time frequency (2 × vs 1 ×) and proportionally more
soiling (36% versus 28%). Rates of daytime incontinence
did not differ (25% moderate, 1% severe). There was less
overall satisfaction with pouch surgery amongst patients
with IndC although 93% declared that they would undergo
surgery again.
The consensus amongst most surgeons is that patients
with bona fide IndC are suitable candidates for pouch
surgery if fully informed of the risks involved. Special
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attention should be paid to any suspicious history of
pelvic sepsis or perineal fistula as these patients are more
likely to manifest Crohn’s and in our opinion should not
be considered for IPAA surgery.
Crohn’s colitis
Following ileal pouch surgery for UC a number of
patients are found to have Crohn’s disease. The Toronto
group reported on 20 such cases from a total of 551
(3%)[43]. 11/20 patients (55%) eventually lost their pouch.
Unsuspected Crohn’s disease is a leading cause of pouch
failure in several other series [44,45]. Following diagnosis
of Crohn’s disease, pouch failure rates increased 9-fold
over a baseline figure of 4%[46]. Pouches were generally
lost due to unacceptable function or the presence of
complex fistulas. It should also be noted that those
with Crohn’s who retained the pouch had satisfactory
function. A controversial study detailing ten year followup of 41 patients with either known colonic Crohn's
but no pre-operative perianal or small bowel disease
(26/41) or histological features suggestive of Crohn's
following panproctocolectomy and IPAA (15/40)
reported comparatively favourable results[47]. Early postoperative complications occurred in one quarter, chronic
perianal problems in one quarter and pouch failure in
3/41. Function was generally good. Complication rates
were proportionally much higher where the diagnosis of
Crohn’s was unequivocal and controversy exists in cases
where minor pathological criteria are used to establish the
diagnosis of Crohn’s. Some argue that this subgroup might
be more appropriately labelled as indeterminate. Crohn’s
disease remains an absolute contraindication to IPAA for
most practitioners as overall failure rates approach 50%.
There may be a role for pouch surgery in a highly selected
group of patients with Crohn’s colitis who possess a
normal anus, have no small bowel disease and are prepared
to accept the increased risks of failure and reoperation.
Dysplasia or cancer in the proctocolectomy specimen
The presence of dysplasia or potentially curable cancer
either within the colon or high in the rectum does not
preclude IPAA [48,49] . Mucosectomy and a hand-sewn
pouch-anal anastomosis rather than stapling are considered
for patients with multiple tumours or multifocal dysplasia
especially when these lesions encroach upon the rectum.
Following mucosectomy dysplastic cells may survive
deep within the muscular rectal cuff [50,51] and these
may re-present as ‘pouch tumours’ [52]. For this reason
reconstructive pouch surgery is probably inadvisable when
dealing with low rectal tumours.

TECHNIQUE OF ILEAL POUCH SURGERY
Pouch design
Arks and Nicholls originally devised a triple limb ‘S’ shaped
pouch[16]. This was relatively complicated to construct and
suffered from kinking of the efferent limb if this was left
too long[53]. Alternative designs have included the high
capacity ‘W’ pouch, the H pouch and the ‘J’ pouch. Lewis
et al examined factors associated with good functional
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outcome in S, J and W double stapled pouches in 100
patients [54]. Compliance of the ileal reservoir, a strong
anal sphincter and intact anal reflexes correlated with
good outcome while pouch design played no part. The
majority of surgeons now favour the J pouch due to ease
of construction, economical use of terminal ileum and
reliable emptying[55]. Functional results are equal to those
of other reservoir designs[56-58]. The pouch is formed from
the terminal 40 cm of ileum using several applications of a
linear, cutting stapler to join the antimesenteric borders of
two 20 cm ileal limbs.
Mucosectomy versus double stapling
Stripping of the columnar mucosa above the dentate
line has been advocated in order to prevent recurrence
of UC. Mucosectomy, combined with a per-anal handsewn anastomosis allows precise placement of the pouchanal anastomosis at the dentate line. This technique
has several disadvantages. It is certainly more complex
to perform and may also predispose to higher rates
of sphincter damage and incontinence. A study from
Cleveland indicated that faecal incontinence was more
common after mucosectomy [59]. In the order of 50%
of patients will also experience night time soiling[56,60,61].
Mucosectomy entails excision of the anal transition zone
(ATZ), an area of cuboidal epithelium richly innervated
by sensory nerve endings that mediate anal sampling
reflexes (Figure 1)[62]. Two large series have evaluated the
effect of ATZ preservation in slightly different ways. Gemlo
et al audited a change in practise from S pouch combined
with mucosectomy to J pouch with double stapled
anastomosis[63]. Functional results were reported for 235
pouch procedures. Double stapling was associated with a
significant reduction in both major and minor night time
incontinence, while minor daytime incontinence was also
reduced. Choi et al subclassified 138 patients following
stapled IPAA according to the epithelial composition of
the distal donut[64]. Those with predominantly squamous
epithelium (ATZ excised) had significantly lower post
operative maximal resting pressures (MxRP) compared
to those with mostly columnar epithelium. Values did not
however deviate from the normal range. Sphincter length
and recto-anal inhibitory reflex preservation did not differ
between groups. Surprisingly continence was not reported.
These studies tend to suggest that ATZ preservation is a
good idea although the role of anal dilation confounds the
first study while a lack of functional results hampers the
latter.
The ‘double stapled’ IPAA technique preserves the
ATZ with no requirement for prolonged anal dilation. A
transverse stapler fired from above, separates the rectum
from the top of the anal canal. The stapling instrument
should be positioned 2-3 cm above the anal margin, a
distance roughly equivalent to the length of the distal 2
metacarpals of the index finger. This helps to avoid an
error of judgement that places the anastomosis too high
resulting in a pouch-rectal anastomosis. A circular EEA
stapler inserted via the anus joins the ileal reservoir to the
upper anal canal. Proponents of stapling claimed that less
sphincter trauma occurs using this technique[65-69] but a
series of randomised trials comparing these methods have
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Figure 1 Distribution of epithelial subtypes in a typical double-stapled pouch-anal
anastomosis. Reprinted with permission from British Journal of Surgery[119].

not demonstrated any functional improvement although
some non-significant trends were observed[70-74]. Failure
to prove clinical benefit may reflect the small number of
patients randomised within each of these trials and the
complex nature of defecation.
Stapling itself is not without risk to the anal sphincter.
Winter et al[75] reported results of a randomised controlled
trial comparing perianal application of 0.2% GTN
ointment with placebo in 60 patients prior to circular
stapler insertion. GTN significantly reduced intraoperative
mean anal resting pressure (MRP) and the need for anal
digitation prior to insertion of the circular stapler. Post
operative MRP did not deviate from preoperative values
and function was excellent at 3 and 12 mo. Following
placebo, post operative MRP was significantly reduced and
function was worse, even at 12 mo. These findings suggest
that local trauma arising from stapler insertion can induce
sphincter damage and that pharmacological intervention
affords some protection.
Finally, performance of mucosectomy and handsewn IPAA is technically more challenging than stapled
IPAA. Hand-sewn anastomoses have been associated with
higher rates of anastomotic disruption and pelvic sepsis[76]
although pouch failure rates are apparently not adversely
affected[46]. Many surgeons including ourselves favour the
double staple technique as this is the simpler operation;
preservation of the ATZ is conceptually appealing and
this operation may have a lower risk of morbidity and
ultimately failure.
One, two or three stage IPAA
To date most surgeons have favoured creation of a
temporary defunctioning loop ileostomy following IPAA
surgery as this avoids what can be catastrophic pelvic
contamination in the event of anastomotic dehiscence[77].
Pouch failure rates from St Marks were higher in patients
without a covering stoma; 15% versus 8%[78], although
Toronto have published contrasting figures with less
than 1% of one stage pouches failing [43] . To omit a
defunctioning ileostomy is an exercise in risk management.
Large series indicate that anastomotic separation occurs
in approximately 5%-15% of patients [46,79,80] while
complication rates for ileostomy closure range from 10%
to 30%[81-89]. Small bowel obstruction, wound infection and
www.wjgnet.com
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anastomotic leakage are the most prevalent. In practice we
omit stomas in approximately 15% of cases based upon
the perceived risks (steroids, nutrition, age, anaemia etc),
uneventful surgery and discharge arrangements.
Laparoscopic IPAA
Conventional open surger y utilises a long midline
incision for access to the splenic flexure and pelvis. The
laparoscopic approach is more elegant as trauma to the
abdominal wall is minimised. In the short term wound
related complications such as pain and infection may
be reduced. Over a more protracted period the risk of
symptomatic adhesions and incisional herniation may be
diminished. There is little doubt that cosmetic appearance
is enhanced. To date rigorous assessment of these
endpoints using large clinical trials has been hindered by
the relative complexity of these techniques. A prospective
randomised controlled trial of hand-assisted laparoscopic
colonic mobilisation and open rectal dissection (via an 8
cm Pfannenstiel incision) versus open surgery through
the midline in 60 patients showed no difference in postoperative quality of life measurements [90]. While open
pelvic dissection is expedient and facilitates distal stapling
it may negate some benefits of the laparoscopic approach.
Refinement of dissection techniques and the production
of dedicated equipment has already greatly facilitated the
performance of laparoscopic IPAA in some centres[91].
Accelerated recovery programs have delivered reduced
hospital stays for elective IPAA patients somewhat
negating the benefits of laparoscopic over open surgery in
this regard. In a recent randomised, observer and patient
blinded trial, 60 patients underwent elective laparoscopic
or open colonic resection with the principles of fasttrack rehabilitation applied to both groups [92]. Median
postoperative stay was 2 d, with rates of readmission in the
order of 20%-25%. More patients thought that their stay
was too short following open (30%) versus laparoscopic
surgery (17%). Functional outcome did not differ. These
data combined with our experience suggest that optimised
perioperative management has much to offer the ileal
pouch patient.

ACUTE COMPLICATIONS OF IPAA
Acute sepsis
Fever in a patient recovering from IPAA surgery should
arouse suspicion of pelvic sepsis. This remains a relatively
common acute complication and failure to react in a timely
fashion is likely to compromise pouch function and may
eventually lead to failure. Septic complications usually
result from anastomotic dehiscence or the presence of an
infected pelvic haematoma. Digital examination may reveal
the anastomotic defect or localised tenderness overlying
an indurated or fluctuant mass. CT or MRI can be used
to gauge the extent of sepsis. A trial of broad spectrum
antibiotics is appropriate for relatively small abscesses.
Treatment may be tailored to the size and nature of the
problem. For instance non-operative measures were used
to treat 24/131 (18%) cases in a series from Heidelberg,
with 2/24 (8%) eventually losing the pouch[93]. Data from
Mayo indicate that 11/73 (15%) abscesses were considered
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‘early’ and treated with antibiotics alone[94]. All but 3 cases
resolved without the need for subsequent surgery. More
sizeable collections are considered for radiological drainage
and in the series from Mayo an additional 16/73 (22%)
cases were aspirated under radiological guidance with only
3 eventually requiring surgical intervention.
Failure to settle would prompt examination under
anaesthesia. The anus is inspected using an Eisenhammer
anal speculum (Seward, London, UK). Anastomotic
breakdown is usually detected without difficulty. The
underlying area is then probed to determine the extent
of any associated abscess cavity and suction applied to
clear its contents. Larger defects may be amenable to
digital examination followed by placement of a catheter
for irrigation and drainage. Regular re-examination under
anaesthetic may be required to be confident that the cavity
remains clean. The vagina must also be inspected for
evidence of fistulation, especially if the IPAA was stapled.
We favour transanal drainage for most episodes of mild to
moderate pouch related sepsis though. Other institutions
appear to utilise this course of action less frequently with
this technique accounting for 8% of treatments for septic
episodes in the Mayo series[94] and 33% of those from
Heidelberg[93].
At 1 year the rate of pouch related sepsis was
15.6% in 494 consecutive patients treated with stapled
J-pouch, mucosectomy and hand-sewn anastomosis from
Heidelberg[95]. No patients were diagnosed with Crohn’s
disease during this period. Fistulae accounted for 76% of
septic events (56% pouch-anal anastomotic; 13% pouch
vaginal; 7% proximal pouch), with anastomotic separation
(16%) and para-pouch abscesses (8%) constituting the
remainder [93]. In contrast 73/1508 (4.8%) of patients
from the Mayo Clinic had their recovery complicated by a
pelvic collection with pouch fistulae recorded in only 3[94].
In this series a technique of hand-sewn ileal J pouch-anal
anastomosis was favoured. The Cleveland Clinic evaluated
1965 IPAA procedures performed for UC (60.7%), IC
(27.9%), CD (3.8%) and FAP (0.7%) to conclude that
fistula formation occurred in 151 (7%), anastomotic
separation in 104 (5%) and pelvic abscess in 109 (5%)[46].
Re-laparotomy is reserved for cases where CT guided
drainage and minor surgery have failed to control sepsis
and also for those who deteriorate quickly with signs of
generalised peritonitis. Major leaks require a proximal
diverting loop ileostomy to be formed if one is not already
in place. Consideration should be given to exteriorising
of the pouch if complete anastomotic disruption has
occurred. With gross ischaemia one should aim to resect
and exteriorise the ileum.
Rates of pelvic sepsis are much higher for patients with
UC undergoing IPAA than for those with FAP who are
subject to the same operation. High dose corticosteroids
(systemic equivalent of > 40 mg prednisolone per day)
have been implicated in the causation of anastomotic
failure[95,96]. Steroids may impair healing at the anastomosis,
promote infection or merely label patients in poor clinical
condition. Other series have failed to demonstrate
any association between administration of prolonged
courses of high dose corticosteroids (> 20 mg) prior to
surgery and the rate of acute septic complications[97]. It
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is nonetheless customary to avoid IPAA formation and
instead perform subtotal colectomy in those patients who
are acutely unwell and receiving high dose corticosteroids.
Haemorrhage
Primary intraluminal haemorrhage may follow formation
of a sutured or stapled pouch and it is therefore important
to carefully inspect the mucosal surface before the pouchanal anastomosis is constructed. Reactionary intraluminal
haemorrhage, within 24 h of surgery is likely to originate
from the suture or staple lines. Irrigation of the pouch
with a 1:200 000 adrenaline solution controls the majority
of clinically significant haemorrhages [20] . Continued
bleeding necessitates a return to the operating room. The
pouch is inspected using an Eisenhammer speculum,
proctoscope or sigmoidoscope. Suction and irrigation
are used to accurately locate the bleeding point which is
then sutured or injected with 1:10 000 adrenaline solution.
Secondary haemorrhage is less common and usually
heralds’ pelvic sepsis. The pouch should be inspected in
theatre with special attention to the ileoanal anastomosis
for evidence of localised anastomotic breakdown. Bleeding
points are under-run and collections drained, preferably via
the original defect. A small mushroom or Foley catheter
may then be placed trans-anally into the cavity.
Intra-abdominal haemor rhag e may arise from
mesenteric vessels or the pelvic side wall. The rectal stump
may bleed following hand-sewn pouch-anal anastomosis.
In exceptional circumstances inspection of the lower pelvis
is facilitated by detachment of the pouch. The stump is
approached endoanally using a Lone Star retractor (Lone
Star Medical Products Inc, Houston, Tx). The pouch may
then be exteriorised as a left iliac fossa mucous fistula if
re-anastomosis is considered unsafe. Uncontrollable pelvic
haemorrhage requires packing of the cavity with a second
look 48 h later.

CHRONIC COMPLICATIONS AND
OUTCOME FOLLOWING IPAA
Mucosal adaptation and pouchitis
Prolonged faecal exposure can lead to adaptive changes
within the ileal pouch so that it comes to resemble colonic
mucosa[98]. The dependent portion of the pouch is most
notably affected [99]. Pouchitis is a relapsing, acute-onchronic inflammatory condition presenting with diarrhoea
(that may be bloody), urgency, abdominal bloating, pain
or fever. The aetiology is unknown although recurrent UC
in areas of colonic metaplasia and bacterial overgrowth
are proposed as possible mechanisms. Patients with new
symptoms suggestive of pouchitis should be investigated
by endoscopy and biopsy. Endoscopic appearances are
initially similar to UC. Punctate haemorrhages, mucous
secretion, purulent discharge and superficial ulceration
occur later. Histological signs of acute inflammation
include polymorphonuclear leucocyte infiltration with
superficial ulceration, superimposed onto a background
of chronic inflammatory changes[100,101]. Interestingly this
condition does not seem to affect pouches in patients
with FAP.
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In a cohort of 123 consecutive ‘symptomatic’ patients
with pouch dysfunction the underlying diagnosis was
pouchitis in 34%, irritable pouch syndrome in 28%,
unrecognised Crohn’s disease in 15% and cuffitis in
22%[102]. Once these disorders have been excluded and a
diagnosis of pouchitis is established it would be reasonable
to instigate empirical therapy for relapses, with the caveat
that patients who do not promptly settle should return for
further endoscopic evaluation.
The cumulative probability of pouchitis, determined
on the basis of symptomatolog y, endoscopy and
histopathology in 468 IPAA patients was 20% at one
year, 32% at 5 years and 40% at 10 years[103]. No pouchitis
occurred following surgery for FAP (7% of the total).
The incidence of pouchitis appears to be independent of
surgical technique with respect to pouch construction,
use of a defunctioning stoma or laparoscopic
techniques [58,104-106]. Patients with PSC are more prone
to develop pouchitis, with a cumulative probability
of 79% at 10 years [107]. Persistence of extraintestinal
manifestations of UC has also been linked to an increased
risk of developing pouchitis and certain patients exhibit
a temporal relationship between their pouchitis and
extraintestinal symptoms akin to that described for UC,
fuelling speculation that these two inflammatory processes
represent variations of the same underlying condition[108].
Perpetuating this theme, smoking is considered to be
protective against UC[109] and also reduces the incidence of
pouchitis[110,111].
First line therapy is with oral metronidazole or
ciprofloxacin. Hurst et al[112] concluded that oral metronidazole or ciprofloxacin clinically improved 96% of
pouchitis in an institutional series from Chicago. 41/52
subjects were successfully treated using a seven day
course of metronidazole 250 mg tds, with a further
8 responding to ciprofloxacin 500 mg bd. Two thirds
of patients developed further attacks and 6% became
chronic sufferers. The efficacy of metronidazole has
been confirmed by three small prospective randomised
studies[113-115]. One suggested that ciprofloxacin 500 mg bd
for two weeks was more effective than metronidazole[115].
This drug produced no side effects whereas metronidazole
had induced either an unpleasant taste, vomiting
or transient peripheral neuropathy in 3/9 patients.
Maintenance therapy may be effective for those who
promptly relapse following cessation of treatment and
weekly rotation of antimicrobials may combat resistance
to single agents. The probiotic VSL-3 may be taken orally
with some evidence that relapse rates are decreased. Two
randomised trials have shown relapse rates in the order of
10%-15% at 9-12 mo with VSL-3 versus 94%-100% for
placebo[116,117]. This therapeutic agent has also been trialled
in a prophylactic capacity following IPAA surgery. At one
year 10% of VSL-3 patients had experienced at least one
episode of pouchitis in contrast to 40% of those receiving
placebo[118]. Those who fail to respond may be offered oral
or rectal corticosteroids[100]. Alternatively oral or topical
mesalazine may be used. Consideration should be given
to removing the pouch where function is very poor as a
consequence of chronic pouchitis.
www.wjgnet.com
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Cuffitis
The ATZ forms a relatively small proportion of the
anal canal. Conventional double-stapled restorative
proctocolectomy leaves 1.5-2.0 cm of columnar epithelium
above the ATZ (Figure 1)[119]. Recurrent UC within the
columnar cuff is termed ‘cuffitis’ and it arises in 9%-22%
of patients [120,121]. Cuffitis may lead to increased stool
frequency, bloody discharge, urgency and discomfort.
Mesalazine suppositories may be helpful in improving
these symptoms [102] . Dysplasia or carcinoma may
theoretically arise within unresected columnar mucosa.
Reports do exist of adenocarcinomas situated below the
level of the IPAA but these lesions are generally associated
with the presence of severe dysplasia or malignancy within
the original proctocolectomy specimen[52,122-126]. Routine
surveillance of the anal canal is not advocated for the first
ten years following IPAA unless the patient has a previous
history of dysplasia or malignancy[127-130].
Small bowel obstruction
In a large series from Toronto the risk SBO outside of the
perioperative period was reported as 6% at 1 year, 14%
at 5 years and 19% at 10 years[131]. One quarter of these
patients experienced more than one episode. Laparotomy
was required in one third of patients and in the majority of
cases small bowel was adherent to the pelvis or a previous
stoma site. 20% of patients who underwent laparotomy
and adhesionolysis developed further episodes of SBO.
One quarter of these had a further laparotomy. Factors
predisposing to SBO were revisional pouch surgery and
formation of a defunctioning stoma. Bowel ischaemia was
a rare finding and so a non-operative strategy is likely to be
safe where signs of ischaemia do not exist. A water soluble
contrast enema may help to determine the site, nature and
degree of obstruction. This investigation may also be of
therapeutic benefit. Alternatively CT with oral contrast
provides similar information. Separate reports from the
Cleveland[20], Mayo[132] and Lahey[133] Clinic’s, with follow-up
of 2 to 3 years document SBO rates of 25%, 17%, and
20% respectively, with operative intervention necessary in
7% of cases.
Several strategies have been devised to prevent
a d h e s i o n f o r m a t i o n . A mu l t i c e n t e r r a n d o m i s e d
controlled trial of the sodium hyaluronate bioresorbable
barrier preparation Seprafilm (Genzyme, Cambridge,
MA), revealed reduced adhesions to the midline scar
following IPAA in cases where this product was used[134].
Unfortunately the incidence of SBO remained unchanged.
If applied next to an anastomosis Seprafilm may impair
healing[135], a finding that in our view would preclude its
use within the pelvis of pouch patients where adhesions
commonly give rise to episodes of SBO.
Chronic pelvic sepsis
Pelvic sepsis is estimated to complicate 10%-20% of IPAA
procedures. Long term manifestations of pouch sepsis
include a variety of fistulae (pouch-anal anastomotic,
pouch vaginal, pouch perineal or proximal pouch) and
anastomotic stenosis. Functional outcome is likely to be
worse following pelvic sepsis both in terms of frequency,
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reliance upon constipating medication and incontinence.
Long term ileostomy may be required in some. Persistent
pouch fistula, poor function secondary to a compromised
anal sphincter or outlet obstruction may all contribute
towards pouch failure.
Fistulae arising between the IPAA and vagina occur
relatively rarely with an estimated incidence estimated of
3% to 16%[61,136-139]. In a study of 68 patients from St Marks
pouch vaginal fistulae originated from either the IPAA
(76%), the pouch (13%) or from a cryptoglandular source
(10%)[140]. Operative trauma, postoperative pelvic sepsis and
undiagnosed Crohn’s disease were implicated. Unsuspected
Crohn’s should be actively sought as rates of healing are
worse (25% vs 48%) and pouch failure more common
(33% vs 14%) amongst this subgroup[139]. Principals of
management include local drainage of the tract using a
seton with faecal diversion in selected cases based upon
the degree of uncontrolled sepsis. Several options are
available to the surgeon for definitive treatment. Transanal
ileal advancement flap is appropriate for a pouch that
remains mobile with success rates reported in the order
of 50%[141]. The procedure may be repeated if it initially
fails with some success. Transabdominal advancement
of the ileoanal anastomosis with closure of the defect
is necessary when the pouch cannot be mobilized from
below. Per-anal access to fistulae arising within the anal
canal may be difficult, especially where an anastomosis has
been placed at the anorectal junction. For this reason the
transvaginal route is favoured by some as access is easier
and damage to the anal sphincters may be avoided[136]. The
internal anal opening is exposed through the posterior wall
of the vagina. Following this the pouch is mobilized and
the defect closed followed by restitution of the vaginal wall
and formation of a defunctioning stoma[142]. Fistulae that
arise as a consequence of previously unrecognised Crohn’s
disease may be treated with infliximab although recurrence
remains a problem[143,144].
Anastomotic stricture may complicate leakage,
tension or ischaemia at the IPAA[145]. This is estimated to
complicate 4% to 18% of cases[20,69,146-148]. It is therefore
important to perform an adequate EUA prior to ileostomy
closure in addition to the pouchogram. Once the pouch
is in circuit symptoms of straining, diarrhoea and anal or
abdominal pain suggest stricturing of the anastomosis.
It may be possible to attempt dilatation at the time of
pouchoscopy. Alternatively application of Hegar’s dilators
under anaesthesia successfully treats most cases[149]. It may
prove beneficial for the patient to continue to use the
dilator for several weeks at home. Particularly long or tight
strictures may not respond to these measures. Further
biopsies are taken to exclude Crohn’s disease. Per-anal
pouch advancement is considered once all sepsis has been
eradicated if the pouch is not tethered[141]. This technique
is also used to close fistula tracks situated at the level of
the stricture. Otherwise re-laparotomy, mobilisation of the
pouch with re-anastomosis is the sole option.
Sexual dysfunction
Erectile function is a parasympathetic response mediated
by the erigent nerves, while ejaculation is a sympathetic
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event mediated by the hypogastric nerves. These structures
may be damaged during pelvic dissection as they lie behind
the parietal facial envelope, close to the mesorectal plane.
One may avoid contact with the pelvic nerves using a
close rectal dissection. This approach is highly vascularised
and for this reason many surgeons prefer to dissect in
the more anatomical mesorectal plane. Lindsey et al[150]
deduced that close rectal dissection conferred no benefit
with regard to either impotence or ejaculatory difficulties
when compared to dissection in the mesorectal plane.
Sexual dysfunction affects 3% of men following pouch
surgery and for this reason sperm banking should be
recommended[28,150]. Sildenafil (Viagra) has been shown
to help erectile dysfunction but will not impact upon
retrograde ejaculation[151].
Fecundity and pregnancy
UC commonly affects young females of reproductive
age. Neither the disease itself nor the medical treatments
currently available (apart from salazopyrin in men) are
thought to compromise fertility [152]. Fertility rates are
lower in women who have had pouch surgery compared
to those who undergo purely medical management. In the
order of 40% of women will have difficulty becoming
pregnant following IPAA [153] . It may be possible to
delay proctectomy until a family has been established or
alternatively use of anti-adhesion products may combat
tubal obstruction.
Vaginal delivery has been associated with occult
sphincter injury in 30% of patients[154]. Females with an
ileal pouch might risk incontinence following vaginal
delivery. Cleveland clinic has reported that sphincter
injury occurs more frequently in those who choose vaginal
delivery rather than caesarean section with rates of 50%
and 13% respectively but no difference in pouch function
was apparent at 5 years[155]. The Mayo Clinic reported that
pouch function was unaffected by childbirth in 85 women;
median follow up of 8 years[28]. For the duration of the
pregnancy stool frequency, incontinence and pad usage
gradually increase[156]. Pouch function quickly returning
to normal in most cases. A study of 47 deliveries in 29
women from Toronto revealed that stool frequency and
incontinence were worse in the third trimester with pouch
function quickly returning to normal in 83% of cases[157].
Neither multiple births nor birth weight adversely affected
subsequent pouch function. Long-term disturbance in
pouch function was seen in a small proportion of females
(17%) although this interestingly bore no relation to the
method of delivery (Caesarian or vaginal). 24/49 deliveries
were by Caesarian section. The authors concluded that
obstetric criteria alone should determine mode of delivery.
It seems reasonable to conclude that while vaginal delivery
confers no functional disadvantage in the medium term
we remain concerned that sphincter integrity is indeed
compromised. Long-term implications remain unmeasured
and therefore uncertain.
Pouch failure
Complication rates for IPAA in the order of 30% to 40%
are relatively high. Fortunately most of these problems can
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usually be resolved. Pouch excision or indefinite retention
of a defunctioning stoma defines failure. Institutional
pouch failure rates have notably fallen over the past 20
years presumably following improvements in patient
selection and surgical technique. Long term failure occurs
with a frequency of 5%-10%[43,46,78]. A consistent theme
that emerges from the large institutional series is that early
pouch failure is closely associated with the occurrence
of perioperative pelvic sepsis while that occurring later
is often secondary to poor function or following an
unexpected diagnosis of Crohn’s disease[28,43,46,78,103]. Most
failures occur beyond the first year and a steady rate of
attrition occurs up to 10 years. Certain operative practises,
such as the S pouch design, may have increased pouch
failure rates in the past.
The success of redo pouch surger y for UC has
improved with approximately three quarters of patients
now retaining a functional pouch in the long term [158].
This figure rises further when considering patients with
isolated functional impairment [159]. When considering
revision one should evaluate the sphincters, assess pelvic
soft tissue compliance, make a judgement regarding
the likely diagnosis (Crohn’s or UC) and determine the
patient's general health and wishes. It is clear that redoIPAA surgery may benefit patients with an excessively
long efferent ileal spout[159-161] or those with a tortuous
stricture[162]. It is perhaps less clear whether revision is as
beneficial to those with ongoing septic complications[149,163].
Of 101 pouch revisions performed at the Cleveland clinic
the original cause of failure was listed as perineal or pouch
vaginal fistula (47%), pouch dysfunction including a long
efferent limb (36%), chronic anastomotic leak (27%),
anastomotic stricture (22%) or unclassified (6%) [164] .
Pathological evidence of Crohn’s disease was noted in
4 patients prior to revisional surgery and a further 15
following its completion. New pouches were fashioned in
28 patients with the rest undergoing revision in order to
preserve bowel length. Outcome data were available for
85 patients with pouch survival rates at 5 years of 79% for
UC and 53% for Crohn’s. Continuing sepsis was present
in 64% of cases at the time of revision but this did not
prejudice the outcome. Stool frequency was 6.3 ± 2.8 by
day and 2.0 ± 1.9 at night. Values were higher where a
new pouch had been constructed. Faecal seepage occurred
in 50% by day and 69% at night. Complications arising
as a result of redo-IPAA occurred in 46% of patients.
These results indicate that even in the best hands redoIPAA surgery carries an appreciable morbidity rate. Not
surprisingly outcomes are worse both in terms of overall
failure and function when compared to first time surgery;
nonetheless this procedure remains a valid alternative to a
defunctioning stoma or pouch excision.
When faced with the proposition of removing an
ileoanal pouch one should consider that 62% of 68 cases
treated at St Marks suffered significant morbidity and one
patient died[165]. Pouch failure was attributed to sepsis (50%),
poor function (35%), pouchitis (8%) or an assortment of
other causes. Salvage had been attempted in 82% of cases
prior to excision. The single most common complication
following pouch excision was non-healing of the perineal
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wound with an incidence of 40% at 6 mo and 10% at
12 mo. Between 1 and 6 procedures (median 2) were
performed per person to facilitate healing. The risk of
readmission at 1 and 5 years was 38% and 58% respectively
with 20% of patients requiring reoperation for small
bowl obstruction, stoma complications or haemorrhage.
A technique of close pouch dissection was used to avoid
impotence. Unfortunately 7% of males ultimately suffered
from this complication. The success of redo pouch
surgery for UC has improved with approximately half
to three quarters of patients now retaining a functional
pouch in the long term. When considering revision one
should evaluate the sphincters, assess pelvic soft tissue
compliance, make a judgement regarding the likely
diagnosis (Crohn’s or UC) and determine the patient's
general health and wishes. It is clear that redo-IPAA
surgery may benefit patients with an excessively long
efferent ileal spout or those with a tortuous stricture. It
is perhaps less clear whether revision is as beneficial to
those with ongoing septic complications. Even in the best
hands redo-IPAA surgery carries an appreciable morbidity
rate. Not surprisingly outcomes are worse both in terms
of overall failure and function when compared to first
time surgery; nonetheless this procedure remains a valid
alternative to a defunctioning stoma or pouch excision.
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CONCLUSION
The introduction of IPAA has revolutionised treatment
of ulcerative colitis. Over the past 30 years we have
witnessed convergence of operative technique towards a
stapled J pouch design with stapled ileo-anal anastomosis.
This is perhaps the fastest and easiest way to create the
IPAA. Anastomotic design will hopefully evolve further
in order to minimise post-operative complications,
reduce the frequency of bowel movements and improve
continence. One stage laparoscopic IPAA has already set
new standards of cosmesis and may reduce the burden of
adhesional small bowel obstruction. Perennial problems
such as evolving Crohn’s disease still produce substantial
morbidity amongst a minority of patients. We look forward
to the development of genetic markers that identify this
subgroup at an early stage so that pouch surgery may be
either avoided or prophylactic therapy initiated to improve
outcome. Pouchitis is a more common problem for which
we hope that determination of the relevant aetiological
factors may allow prophylaxis. Ileo-anal pouch surgery has
quickly become the standard of surgical care for chronic
UC and should be considered a major success in the field
of gastrointestinal surgery.
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Abstract
This review is part one of three, which will present an
update on diagnostic procedures for gastrointestinal
(GI) submucosal tumors (SMTs). Part two identifies the
classification and part three the therapeutic methods
regarding GI SMTs. Submucosal tumors are typically
asymptomatic and therefore encountered incidentally.
Advances in diagnostic tools for gastrointestinal
submucosal tumors have emerged over the past decade.
The aim of this paper is to provide the readers with
guidelines for the use of diagnostic procedures, when
a submucosal tumor is suspected. Literature searches
were performed to find information on diagnostics
for gastrointestinal submucosal tumors. Based on the
searches, the optimal diagnostic procedures and specific
features of the submucosal tumors could be outlined.
Standard endoscppy, capsule endoscopy and push-andpull enteroscopy (PPE) together with barium contrast
X-ray do not alone provide sufficient information, when
examining submucosal tumors. Endoscopic ultrasound
(EUS), computed tomography (CT), magnetic resonance
imaging (MRI) and fluorodeoxyglucose-labeled positron
emission tomography (FDG-PET) are recommended as
supplementary tools.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
A submucosal tumor (SMT) is defined as any intramural
growth underneath the mucosa, where etiology cannot
readily be determined by luminal diagnostic endoscopy or
barium radiography[1].
The incidence of SMTs in the entire gastrointestinal
(GI) tract is not known. However, gastric SMTs occur with
an incidence of about 0.4% in diagnostic endoscopy[2].
Following the introduction of new diagnostic procedures,
e.g. capsule endoscopy, a more accurate incidence may
be found within the next years. Final diagnosis is made
with immunohistochemistry and electron microscopy as
described in part two of this series of reviews.
SMTs are usually asymptomatic and therefore most
often discovered as accidental findings during surgery,
autopsy or diagnostic procedures. If symptoms do occur,
they are unspecific such as abdominal pain, obstruction,
hemor rhag e and intussusce ption [1,3-5] . Like other
malignancies, malignant SMTs may present with systemic
symptoms, especially weight loss[1,4,6].
The aim of this paper is to update the reader on
diagnostic procedures, when investigating a lesion
suspected to be a SMT in the GI tract.

DIAGNOSTIC PROCEDURES IN
SUBMUCOSAL TUMORS
Standard endoscopy
Due to their lack of overt symptoms, SMTs are generally
discovered accidentally during standard endoscopic
examination. A lumen diminishing process with or without
ulcerations is typically seen, but extramural pathology
must be considered as a differential diagnosis [2]. Since
standard endoscopy is not sufficient for diagnosing SMTs,
suspicion of such requires further examination by means
of diagnostic procedures mentioned below[7].
Capsule endoscopy
With capsule endoscopy parts of the small intestine
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inaccessible to standard endoscopy can be viewed. Its
main indication is obscure hemorrhage with negative
upper and lower standard endoscopic findings. A period
of 8-12 h of fasting prior to the examination is required[8].
The capsule provides approximately 8 h of continuous
endoscopic video imaging of the esophagus, stomach,
small intestine and right colon. The capsule is wireless,
equipped with white light-emitting diodes and has a size of
approximately 1 cm × 2.5 cm. It is disposable, propelled
by peristalsis and excreted after 24-48 h. There is no need
for air inflation of the gut lumen. Data are transmitted
employing radiotelemetry to aerials attached to the body. A
study typically takes 30-60 min to review. The procedure is
safe, painless, does not require sedation, can be performed
ambulatory and does not have the risk of perforation as
does standard endoscopy[8,9].
With capsule endoscopy, a villus-based view is
generated as opposed to the lumen-based view in standard
endoscopy. Therefore, tumors may have a different
appearance in these two procedures[8]. The capsule cannot
wash an area, and it is not possible to re-examine a
possible abnormality, take biopsies or deliver therapy as it
is with standard endoscopy[8] and PPE[10]. Furthermore, a
recent study found a tendency towards poor interobserver
agreement for abnormalities in relief (tumors and ulcers),
but good for red-colored abnormalities (bleeding and
angiodysplasia). However interobserver agreement was
significantly better among experienced endoscopists than
among less experienced[9].
Occasionally, the capsule is caught in a stricture or
diverticulum. A plain abdominal X-ray can be performed
to determine whether the capsule is retained or not.
However, this often happens at the site of pathology,
where surgery is required anyway. Removal of an impacted
capsule may be performed endoscopically[8].
Push-and-pull enteroscopy
PPE is an alternative to capsule endoscopy. With PPE the
small intestine can be examined using a double-balloon
technique with an oral and/or anal approach. Indications
include GI bleeding, abdominal pain and surveillance of
known disease. The advantage of PPE is that it is relatively
safe, has a high diagnostic yield and both biopsy and
endoscopic therapy can be performed[10].
Disadvantages include the risk of perforation, the need
for conscious sedation and the related complications, and
the fact that the latex balloons used create a potential risk
of anaphylactic shock in patients with latex allergy[10,11].
Side effects are usually mild, such as abdominal pain
for 1-2 d, brief fever, reddening of the mucosa, slight
intramucosal hemorrhage in the small-bowel tissue and
vomiting after the procedures. Aspiration pneumonia after
an epileptic attack induced by the propofol anesthesia was
found as the only complication in a recent prospective
study of 100 patients[10].
Endoscopic ultrasonography
The tool of first choice for examining SMTs in the upper
GI tract is endoscopic ultrasonography (EUS). It is the
most accurate procedure for detecting and diagnosing
SMTs, due to its high sensitivity and specificity[12-16]. EUS is
www.wjgnet.com
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performed as the second intervention following standard
endoscopy[16].
The most important application of EUS is staging of
GI malignancies, since this dictates the management and
predicts survival of patients[15,17,18]. EUS features suggestive
of malignancy are irregular borders, abnormal lymph
nodes, ulcer, and a shape that is not oval or round [19].
Heterogeneous echopattern is a feature of controversy[20].
EUS is useful in differentiating between intramural
tumors, intramural vascular lesions and extraluminal
impressions with or without the use of DopplerEUS [13,14,21]. EUS can provide information concerning
origin, size, borders, homogeneity and foci with echogenic
or anechoic features (Table 1)[12,22-24]. In addition, EUS can
indicate whether endoscopic resection is appropriate[13,14,25].
In tumors smaller than 0.5 cm, high-frequency
transducers can obtain information that is not available
even with highly sophisticated CT, magnetic resonance
imaging (MRI), transabdominal ultrasound[26] or positron
emission tomography (PET)[27]. Intramural abnormalities
can be investigated with frequencies of 12 MHz, whereas
7.5 MHz reveals the extramural structures [21]. Its high
resolution and the close proximity of the ultrasound probe
to the site of the SMT makes EUS valuable in determining
the layer of origin of a SMT and the possible invasion of
other layers[21].
However, benign SMTs, malignancies and nonneoplastic
lesions, such as inflammation, can not be distinguished
enosonographically[21,22]. Nevertheless, as EUS is a valuable
tool in assessing local lymph node involvement[28], this
finding supports the differentiation. A study concerning
EUS evaluation of leiomyomas concludes that EUS is
quite observer-dependent because the interobserver
agreement had a kappa value of only 0.53[29]. Optimally,
the same examiner should perfor m all of the EUS
examinations concerning the same patient in order to
determine tumor progression versus regression.
Some important tasks of EUS in SMTs are shown
in Table 1. EUS criteria for malignancy are outlined in
Table 2, to which rapid growth rate found on follow-up
can be added[13]. It must however be emphasized that only
microscopic examination can determine the final diagnosis
and whether the SMT is benign or malignant[19].
Endosonographically, the wall of the GI tract consists
of 5 layers of alternating echogenicity (Figure 1). The 1st
layer is hyperechoic and represents the superficial layer of
the mucosa. The 2nd layer is hypoechoic and constitutes
of the deep layer of the mucosa, including the muscularis
mucosae. The 3rd, hyperechoic layer is the submucosa,
the 4 th hypoechoic the muscularis propria and the 5 th
hyperechoic is the serosa/adventitia[21,22]. As an example,
a myogenic SMT can be diagnosed with confidence, if
there is continuity between a hypoechoic SMT and the 4th,
hypoechoic, layer of the adjacent normal GI tract wall[30].
Catheter probe-endoscopic ultrasonography
Catheter probe-endoscopic ultrasonography (CP-EUS)
can probably be used instead of EUS for the evaluation
of small SMTs [31]. The concept of CP-EUS is that an
ultrasound catheter probe can be inserted through the
accessory channel of a conventional endoscope. Thereby
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Table 1 Macroscopic and endoscopic ultrasound features of the submucosal tumors
Endoscopical

Distinct
borders

Ulcer

Layer

Form

Umbilicated < 5 cm

Yes

4th (2nd)

Smooth

Homo

Hypo

-

Firm

Yellow

< 2 cm

Mostly no

Central or
normal
mucosa
No

2nd, 3rd, 4th

Mosaic

Hypo

S (M)

Very firm

Duct
opening

1-4 cm

Yes (no)

No

3rd,4th
(2nd, 5th)

Sessile polyps,
nodules or
plaques
Sessile,
hemispherical

Perhaps
hetero

Hyper

S

Firm

Spherical
(multinodular)

3 cm
(0.5-10 cm)

No

4th (3rd)

Round/oval
(multinodular)

(Homo)

Hypo,
bull's eye5

S (M)

-

Yellow

-

Yes
(sometimes
fibrous
capsule)
Yes,
pseudocapsule

3rd (4th, 5th)

Polypoid,
discrete, round

Homo

Hyper

S

Soft,
compressible

Some times
long
segments
of nodular
thickening
Lymphangiomas:
yellow

Few mm.
up to a
meter

Yes, often
macroscopically

Most often
intact
mucosa,
but ulcers
do occur
No

May
involve
all layers

Fusiform,
diffuse,
"ropelike" or
"bag of worms"

Hetero

-

M

Rubbery
or firm

Depending
on type

Yes

No

2nd, 3rd;
cavernous
may
involve
all layers

Round/
oval/
wavy

Homo

An-/hyper1 M/S

Liquid/soft

Exophytic

> 3 cm

Irregular

An- areas2

S

-

-

-

M/S

Softer than
leiomyomas
-

Metastases[6,22,86,114] Endo-/
exophytic

-

No

Nodular,
polypous
Maculopapular/
nodular/
polypous
Volcanolesions,
nodules, polyps,
linitis plastica

Hetero

Varying
(see text)

Deep ulcer
2nd, 4th
(> 5 mm)
Often
1st, 2nd, 3rd
ulceration
and bleeding
Yes/No
All layers

-

M/S

-

GIST[4,13,19,22,50,93]

> 2 cm

Yes/no

Depends
on the
primary
tumor
Homo/
hetero4

Hypo,
bull's eye5

S3

Friable

Leiomyoma[3,21,

Size

22,29,32,63,101-105]

Granular cell
tumor[4,22,28,60,62,
63,106-108]

Ectopic
pancreas[4,13,21,

Echogenecity

Number Consistency

22,31,64,66]

Schwannoma
[19,22,28,58,95,109]

Lipoma[4,13,21,22,
29,32,67,110,111]

3

Neurofibroma

[28,50,68,74,112]

Vascular[4,13,
21,28,29,73,113]

Leiomyosarcoma
[21,22,32,43,72,78]

Kaposi’s sarcoma Red-purple
[4,43,63,85]

Varying

Occasionally 4th
Elliptical,
(2nd, 3rd, 5th) multilobular/
pedunculated;
smooth/nodular

1

Hyperechoic in lymphangiomas[13]. 2The anechoic areas are histologically consistent with necrotic areas[21]. 3Neurofibromatosis type 1 is associated with
gastrointestinal stromal tumors (GIST). GIST are often multiple in neurofibromatosis type 1[50]. 4Normally gastrointestinal stromal tumors are homogenic, but if
the tumor is large, central necrosis (cystic spaces) can result in heterogeneity[19,44]. Furthermore, echogenic foci and calcifications may be seen[19]. 5A hypoechoic,
marginal halo resulting in a bull's eye appearance of the SMT[19]. Homo: homogeneous; Hetero: heterogeneous; Hypo: hypoechoic; Hyper: hyperechoic; An:
anechoic. -: means that no date was found on the subject.

both endoscopy and EUS can be performed during the
same intervention[16,31]. The clinician should bear in mind
that CP-EUS images tend to be more hypoechoic than
EUS images[16].
Due to the small diameter of the CP-EUS probe
and the absence of a balloon at its tip, compression of
the inner layers is avoided and thus blurring[16]. CP-EUS
identifies the layer of origin of myogenic SMTs with great
precision and is better than EUS at distinguishing between
the two layers of the muscularis propria[16].
In a recent study, CP-EUS diagnosed more than 95%
correctly in large intestinal SMTs, confirmed by biopsy or
surgical resection[32]. Another study of 25 SMTs, showed
that CP-EUS and EUS equally visualized all SMTs, with

image quality and determination of tumor diameters and
margins being comparable[16]. On the contrary, Chak et al[31]
found that CP-EUS, but not EUS, staged submucosal
lesions correctly in all cases, confirmed by histology.
Staging of regional cancer was concordant between EUS
and CP-EUS in 80% of the cases. However, these results
may be influenced by a selection bias, as only smaller SMTs
were chosen for CP-EUS examination.
A shortcoming of CP-EUS is the risk of neglecting
other SMTs, since examination occurs only directly at the
region of interest[16]. Due to its smaller diameter it could
be suspected that CP-EUS would have an advantage in
stenosing SMTs that cannot be traversed by an EUSendoscope. However, stenosing tumors tend to be bulky,
www.wjgnet.com
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Table 2 Endoscopic ultrasonographic criteria for malignancy in different SMTs
Irregular
borders

Abnormal
regional
lymph
nodes

Heterogeneous
cho pattern
Cystic
Echo-genic
spaces
foci

Shape not
oval/round

Ulcer

> 5 cm

Yes

-

Yes

-

-

-

> 3 cm

Yes

Yes

No

No

Yes

Yes

> 3 cm

Yes

-

Heterogeneous
echo pattern

-

-

> 3 cm

Yes

Yes

-

-

-

Yes

Yes

Heterogeneous
echo pattern
Yes

-

-

-

> 4 cm

Yes

-

> 4 mm

> 3 mm

-

-

Reference

Tumor type

Criteria for
determining the
SMT as malignant
or borderline

Size

Ando et al
2002[30]

GIST

Nickl et al
2002[20]

Hypoechoic
SMTs
SMTs in
general

Size > 5 cm and
at least 1 of the 2
other features:
1 or more
of the features:
2 or more of
the features or
1 and clinical
symptoms (pain,
dysphagia,
weight loss,
hemorrhage)
2 or more of
the features:
2 or more of
the features:
2 or more of
the features:

Brand et al
2002[24]

Rösch et al
2002[12]
Palazzo et al
2000[23]
Chak et al
1997[115]

SMTs in
general
GIST
GIST

Nickl and coworkers[20] had the highest sensitivity rate (100%) while Palazzo and coworkers[23] had the highest specificity rate (88%). -: means that this feature
was not part of the criteria in the given study.

and since CP-EUS has limited depth penetration compared
to EUS, CP-EUS may fail to visualize the extraluminal
margin and assess adjacent lymph nodes[31]. If the SMT
is larger than 5 cm in diameter, EUS or CT may be the
preferable imaging techniques[16].
Condom-catheter probe-endoscopic ultrasonography
In the esophagus, the acoustic coupling needed for EUS is
impaired by the lack of a water-filled lumen. Therefore a
method has been developed specifically for this situation:
small-diameter CP-EUS with an attached latex condom
(condom-CP-EUS) that can be filled with water[33].
A limitation of condom-CP-EUS, when using large
echoendoscopes, is compression of small esophageal
tumors and thus distortion of the image[33]. The wall layers
are also often compressed, and therefore only 3 layers
of the esophageal wall are seen, compared to the 5 layer
pattern with 7.5-12 MHz probes[21].
Other shortcomings are limited depth penetration and
poor acoustic coupling, resulting in low quality images
and impeded evaluation of lymph nodes and bulky SMTs.
Moreover, a large volume of water is needed for adequate
acoustic coupling, which may leak and cause aspiration.
Large SMTs may create air artifacts between the condom
and the esophageal wall[33]. Additionally, there is a potential
risk of anaphylactic shock, due to latex allergy, which has a
prevalence of less than 1% in the normal population[11].
Three dimensional endoscopic ultrasonography
The need for three-dimensional (3D) EUS has arisen
as a consequence of the difficulty less experienced
endosonographers witness interpreting two-dimensional
(2D) EUS images [34] . Indeed, 3D-EUS, compared to
2D-EUS, is relatively easy to use and the examination time
will not be extended, as it is possible to view the whole
www.wjgnet.com
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Figure 1 Endoscopic ultrasonography imagines of normal wall and submucosal
tumors of the large intestine are presented. A: The normal wall displayed in 5
layers; B: Lipoma imagine showing a hyperechoic homogeneous mass located in
the third layer; C: Leiomyoma imagine showing a hypoechoic homogeneous mass
originated from the 4th layer; D: Rectal carcinoid imagine showing a submucosal
hypoechoic mass with a homogenous echo. Courtesy by PH Zhou (Zhou, 2004
128 /id).

lesion and perform a new scan immediately after a poor
scan result[34].
However, some criterions are to be fulfilled in order to
create a good image. The probe must be parallel and close
to the mucosal surface. This is difficult in the stomach, but
relatively easy in the esophagus, though probe wobbling
can be caused by the peristalsis, respiratory movement
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or cardiac impulse[34-36]. Furthermore, the time factor is
critical, as the risk of probe wobbling increases with the
time needed for completing a scan. In an investigation it
took 3-4 s to complete a scan[34] as opposed to 3-5 min in
another investigation[37]. More recent publications show
promising results concerning the reduction of the time
needed for processing the scans[35,36]. Finally, the size of
the SMT is crucial. Due to the limited depth penetration
in these probes, the results of 3D-EUS are better when
applied to small SMTs, although the size of small SMTs
(< 1 cm) tends to be overestimated by 3D-EUS[35,36].
3D-EUS data on GI SMTs are however sparse [36] .
Thus, data on mucosal cancer is used in this paper to give
an impression of 3D-EUS in practice. In a study of 43
upper GI lesions, depth staging was correct in 80% of the
cases of esophageal cancer and almost 70% of the cases
of gastric cancer, histologically confirmed. However, only
37% of the 3D-EUS images were of an acceptable quality,
which meant that several images had to be made for each
lesion[34].
Endoscopic ultrasound guided fine needle aspiration
Since it is impossible to differentiate definitely between
benign and malignant SMTs by means of any imaging
technique, histological or cytological confirmation is a
necessity[16,30,38-40]. A study shows that only in 35% of cases
was an acceptable submucosal representation achieved
with forceps biopsy during standard endoscopy, even
though the endoscopist intended to obtain submucosal
tissue[2]. On the contrary, endosonographically performed
fine needle aspiration (EUS-FNA) is a good method for
obtaining cytological samples[30,39].
In EUS-FNA the aspiration needle can be inserted
more precisely into the SMT than in percutaneous FNA[39].
Moreover, the incidence of malignant seeding is relatively
low[15,39]. This may, however, be the result of selection bias:
more biopsies are performed percutaneously and therefore
more cases of cutaneous seeding than mucosal are seen.
These advantages may be outweighed, though, by the risks
of conscious sedation in endoscopy[39].
EUS-FNA contributes to solving therapeutic dilemmas.
A study showed that due to the result of EUS-FNA the
decision to abandon surgery was directly affected in 26%
of patients with primary malignancies. The reason for this
was severe malignancy, such as distant nodal metastasis[39].
The sensitivity of cytological samples achieved
through EUS-FNA has been reported to be 88%-91%
and the specificity close to a 100% for the diagnosis of
malignant lesions confirmed by the surgical findings or
long-term clinical follow-up[15,22,39,41]. However, as some
investigators point out, in order to obtain an adequate
cytological sample, the optimal situation is that a cytologist
is present during the procedure[39]. Furthermore, there
are different ways of handling the cytological samples
obtained by EUS-FNA, such as performing smears and
cell-blocks. It must be emphasized that neither mitotic
counts nor immunohistochemistry can be performed on
smears. Therefore the optimal situation is when cell blocks
are made from the cytological sample. If the number
of cells is too small to count mitotic figures per 50 high
power fields, immunohistochemical staining with MIB-1
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(a proliferation marker) can provide information of the
cellular activity[30,42].
Sometimes examination of the whole SMT is needed in
order to differentiate between benign and malignant, and
a pitfall is the aspiration of normal smooth-muscle cells[22].
If possible, cells should be obtained from different parts
of the SMT using a large needle (18-20G)[30].
Complications to EUS-FNA appear to be rare, as
two investigations have shown a complication rate of
0%-2%[39,41]. However, careful Doppler-EUS examination
must always be performed prior to EUS-FNA in order to
prevent rupture of a possible varice[16].
Barium-contrast in X-ray
Barium studies can reveal several pathological conditions,
such as submucosal infiltration, ulceration, mass presence
and lumen stenosis, which may all be present in SMTs.
Barium studies are also valuable in assessing the extent and
multiplicity of SMTs[43]. The typical appearance of a SMT
is an intramural mass with intact or ulcerated overlying
mucosa[44]. The tumor is seen as a smoothly circumscribed
mass, when seen en face and the margins as obtuse or right
angles, when viewed in profile[45]. However, barium studies
are limited to exophytic masses [44], and in staging and
detection of early or subtle SMTs this method is of little
value[43].
Computed tomography
Recent advances in CT have drawn attention to the use
of CT for evaluating the GI tract[40]. Cross-sectional CT
has the primary role in staging GI tumors[43]. New multislice CT has some advantages compared to single-slice
spiral scanners, such as elimination of motion artifacts and
acquisition of thinner sections. This improves the quality
of 3D data, but the thin collimation involves an increase
in the radiation dose to the patient[40]. CT has an advantage
compared with EUS, namely the possibility of delineating
the full extension of the tumor[44]. The forces of CT are
demonstration of a tumor, its size, relation to adjacent
organs and revelation of metastasis[46], and therefore are
the tasks of CT primarily staging, surgical planning[47] and
follow-up[47,48].
CT cannot classify SMTs as demonstrated in a recent
study, where CT was inconclusive in more than 50% of GI
stromal tumors (GISTs)[46]. CT cannot either differentiate
between malignant and benign SMTs, unless obvious
local invasion or metastases are present. CT, especially
CT angiography, is valuable for the detection of gastric
varices. In large and exophytic gastric stromal tumors,
3D-CT can be helpful in better characterizing the mass
and determining its origin[40].
Traditional oral contrast agents of high attenuation
have some disadvantages when evaluating the GI tract. An
example is when the contrast does not mix uniformly with
gastric contents, resulting in the creation of pseudotumors.
Therefore water, which is of low attenuation, is preferred
as an oral contrast agent. Simultaneously non-ionic
contrast material is given intravenously, which enhances
the GI walls. Furthermore, adequate distension of the
stomach is important for proper imaging. Failure in the
www.wjgnet.com

3306

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

latter may result in overlooked disease or the collapsed
gastric wall mimicking disease[40].
Magnetic resonance imaging
Like CT, MRI is valuable in diagnosis and evaluating the
extent of the tumor, including staging[49,50]. However, due
to variable and non-specific appearances, MRI offers no
additional information compared to CT concerning the
internal features of, at least, GISTs[44].
Concerning limitations in both CT and MRI, it can
be difficult to determine the organ of origin from cross
sectional imaging alone in the presence of a significantly
exophytic tumor[51]. However, MRI is a helpful adjunct
to CT, especially concerning large SMTs, where the
multiplanar capability of magnetic resonance can aid the
determination of organ of origin, the relationship to other
organs and delineate the major blood vessels. The new
multi-channel CT-scanners have the same capability and
may become the method of choice. In GISTs, the solid
parts of the tumor are typically of low signal-intensity
on T1-weighted images, but high signal-intensity on T2weighted images. However, the degree of necrosis and
hemorrhage greatly affect the signal-intensity pattern.
Depending on the age of the hemorrhage, the signalintensity will vary from high to low on both T1- and T2weighted images. Due to gadolinium enhancement in
viable tumor tissue, areas of necrosis can be outlined[45].
Positron emission tomography
In the recent years PET has shown to have great value
primarily in the early assessment of response in GISTs
to treatment with imatinib [48,52-54] . The reason for its
effectiveness lies in the radiolabeled surrogate marker for
glucose metabolism, fluorodeoxyglucose (FDG). FDG
highlights areas of the body with enhanced metabolism,
such as malignant SMTs[48]. Metabolic changes occur prior
to morphological changes, which explains why several
investigations conclude that PET is superior to CT and
MRI in predicting early response to therapy[44,48,55]. A recent
investigation on GISTs concludes that FDG-PET can
separate imatinib-responders from -non-responders as
early as 1 wk after initiation of treatment[54]. Furthermore,
PET is indicated in cases, where equivocal CT- or MRIimages suspect metastases[47]. The risk of misinterpretation
is minimized with the new combined PET/CT scanners
uniting functional and morphologic imaging[27].
With PET, not only is the evaluation of response
to therapy facilitated, but also the determination of the
diagnosis, recurrence, staging and extent of disease[48,54,56].
To the disadvantages of PET count the fact that
the acquisition time is 3-5 min per bed position. Due to
respiratory motion, very small SMTs (< 5 mm) may be
blurred and therefore missed[27].
As FDG is not a specific cancer tracer, uptake is seen
in cicatrices following surgery due to benign inflammation,
and therefore PET scans should not be performed until
3-4 wk after surgery to avoid these artifacts mimicking
tumors. Other situations with increased uptake are tense
muscles, catheters, tubes, stomas, the bone marrow in
patients treated with chemotherapy and excretion of FDG
to the urinary tract[57]. Physiological excretion of FDG
can also be seen in the bowel, which can be difficult to
www.wjgnet.com
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differentiate from SMTs. Furthermore, it must be taken
into consideration that slowly growing tumors, such
as benign SMTs, only rarely absorb FDG. Moreover,
hyperglycemia and administration of insulin may alter the
distribution of FDG. Therefore at least 5 h of fasting and
measurement of the blood glucose level prior to the scan
is recommended[57].

BENIGN TUMORS
For all of the SMTs mentioned below, the endoscopic,
EUS and macroscopic features can be seen in Table 1, and
an EUS image of a leiomyoma and a lipoma is shown in
the Figure 1.
Leiomyomas
Leiomyomas are the commonest mesenchymal tumors in
the esophagus[58] as opposed to the rest of the GI tract,
where GISTs are the most frequent[44]. Leiomyomas are
found in the esophagus, colon and rectum, but are very
rare in the stomach and small intestine[58].
Differential diagnoses to leiomyomas are preoperatively
mostly leiomyosarcomas and, in the esophagus, carcinomas[59].
Schwannomas
GI Schwannomas are rare. Their ratio to GISTs, the most
frequent GI SMTs, is approximately 1:50-100[58]. They are
mostly found in the stomach.
Granular cell tumor
In the GI tract granular cell tumor mostly involves the
middle to distal parts of the esophagus, with 1/3 of all the
GI cases occurring at this site[4,60-63]. They are solitary in
80%-90% of all cases[62,63].
Heterotopic pancreatic tissue
Heterotopic pancreatic tissue is mostly located within 3-4
cm on both sides of the pylorus, but may occur in Meckel's
diverticulum and rarely in the small intestine. Heterotopic
pancreas is a nonneoplastic[22], congenital tumor thought
to be a result of separation of fragments from the main
pancreatic mass due to the rotation of the foregut[1,4,64]. An
investigation found heterotopic pancreas in 0.25% of all
explorative laparotomies[65].
A distinctive feature of heterotopic pancreatic tissue
may be the presence of an opening, visible as a dimple on
the surface[4,66], from which fluid may trickle on pressure[64].
Concerning differential diagnoses, both carcinoid tumors
and heterotopic pancreatic tissue appear hypoechoic and
irregular endosonographically[21].
Lipomas
GI lipomas occur throughout the GI tract, but are
undoubtedly most frequent in the colon as a solitary,
slowly growing, benign tumor, originating within the
submucosa and protruding into the lumen[4,5,28].
CT findings are a well-circumscribed, submucosal
lesion with uniform fat attenuation and, occasionally, a
fibrous capsule[5]. X-ray criteria for lipomas are changing
size and shape during the course of examination, reflecting
their soft consistency[67].
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Differential diagnoses from the endoscopic appearance
are leiomyoma, neurofibroma, adenomatous polyp and
villose adenoma. Differentiation is based on consistency,
polypoid features and surface pattern of the different
tumors[67].
Neurofibromatosis type 1
Solitary neurofibromas are rare. Therefore, neurofibromatosis should be suspected when neurofibromas
are encountered[4]. Neurofibromatosis type 1 (NF1, von
Recklinghausen Disease) is relatively common with a
prevalence of 1/3000 births in Western countries[68]. The
neurofibroma is derived from perineural cells on peripheral
nerves[69]. GI involvement is common in NF1[28,50,70]. These
SMTs have a predilection for the duodenum, especially the
ampulla of Vater[71].
NF1 is associated with gliomas, meningeomas, phaeochromocytomas, hemangiomas and GISTs [28,50,72,73]. In
the latter, the incidence of GISTs may be 200 times the
incidence in an unaffected population[28,50,74]. The GISTs
in patients with NF1 tend to be multiple[50]. Furthermore,
it should be kept in mind that NF1 is also associated with
carcinoid tumors that tend to occur at the ampulla of
Vater, like the neurofibromas. The explanation for this colocation may be a transformation of an endo-ectodermal
complex located near the ampulla of Vater in NF1patients[75].
Vascular tumors
Hemangiomas: Multiple hemangiomas may be found, as
in the blue rubber-bleb nevi syndrome that mostly affects
the skin and GI tract[76]. Approaches to diagnosing vascular
lesions are typically Doppler-EUS and CT-angiography[40],
but a 99mTc-labeled redcell scan may also be performed
to reveal hemangiomas or other transiently or mildly
bleeding lesions[77], but endoscopy is regarded as the first
choice. Logically, hemorrhage is a typical complication to
hemangiomas[4]. One should keep in mind the differential
diagnosis of esophageal and gastric varices[21].
Lymphangiomas: Lymphangiomas are rare, probably
hamartomatous, anomalies that occur solitarily, mostly
in the duodenum. Endoscopically, yellow-tan lesions are
seen, occasionally with satellite lesions. When biopsy is
performed, exudation of yellow chylous liquid is seen[4].

MALIGNANT TUMORS
Leiomyosarcomas
Leiomyosarcomas are mostly found in the small
intestine [78], where they constitute more than 10% of
all malignant lesions [79], and mostly behave in a highly
malignant fashion[63]. A palpable abdominal mass may be
encountered in almost 50% of cases of leiomyosarcomas
in the small intestine[78].
Endoscopically, leiomyosarcomas are as a rule single
and have a predominantly exophytic component[43,78].
Radiologically, excavated leiomyosarcomas may be
confused with lymphomas and metastatic melanomas[43].
Leiomyosarcomas are expected to have a higher glucose
metabolism than leiomyomas, and thus PET or PET/CT
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could aid the differentiation[54,80,81]. In addition, the EUS
criteria mentioned in Table 1 may be helpful.
Gastrointestinal Kaposi’s sarcoma
The causative viral agent of Kaposi’s sarcoma is human
herpes virus 8[4,28,82-84]. Kaposi’s sarcoma is considerably
more frequent in men than women and is mostly coursed
by immunosuppression, especially HIV[63,84].
Endoscopically, Kaposi’s sarcomas may be mucosal, but
are usually submucosal and either isolated or extensively
involve the bowel wall. All parts of the GI tract are at
risk[4,63,85].
In the esophagus, acquired immunodeficiency
syndrome-related lymphoma should be considered as a
differential diagnosis, when viewed radiologically[43].
Metastases in the gastrointestinal tract
The most frequent primary tumors that result in GI
metastases are breast cancer, melanoma and lung cancer[22].
The occurrence of metastases to the stomach from fatal
breast cancer has been reported to be 8%[86]. Metastases
may be brought about by hematogenic or lymphatic spread
or seeding through the peritoneum[6,87].
Endoscopic findings are mainly sorted under three
morphological features: nonulcerative SMTs, SMTs with
elevation and ulceration at the apex (volcano lesions), and
multiple nodules of varying sizes with tip ulceration[6].
EUS is valuable in evaluating the mode of spread, site of
origin and the pathology[6].
Gastrointestinal stromal tumors
GISTs are the commonest mesenchymal tumors in the
GI tract [88-90]. The annual incidence is estimated to be
at least 10 to 20 cases per million [81,91]. Their origin is
supposedly multipotential mesenchymal stem cells, and
therefore both myogenic and neurogenic features may be
present[1,46,92-96]. GI autonomic nerve tumors (GANTs),
are now categorized under GIST owing to their great
immunohistochemical and ultrastructural resemblance[97].
65% of GISTs occur in the stomach, 30%-35% in the
small intestine and 5%-10% in the colon[98]. Colonic GISTs
have a high proportion of malignancy[4,28].
Endosonographically, large size, lobulation, irregular
borders and echogenic foci indicate malignancy (Tables 1
and 2)[42]. On CT, the signs that indicate a highly malignant
tumor are calcification, ulceration, necrosis, cystic areas,
fistula, metastasis, ascites and infiltration[46].
Endoscopic differential diagnoses are gastric lymphoma[99]
and an inflammatory fibroid polyp[100]. There are quite a
few differential diagnoses, when using CT, but if lymph
node enlargement is seen, adenocarcinoma or lymphoma
should be considered [44]. Differentiation is made with
immunohistochemistry or electron microscopy.

CONCLUSION
Standard endoscopy, capsule endoscopy, push-and-pull
enteroscopy, barium contrast X-ray and forceps biopsies
can not differentiate between extraluminal compression
and SMTs. Therefore, there is a need for EUS or whole
www.wjgnet.com
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body imaging procedures as well as in the diagnosis of
SMTs. EUS with biopsy is the first choice of diagnostic
tool, but if depth penetration is improved in CP-EUS,
this may be preferred due to the reduced number of
intubations and examination time. So far 3D-EUS has not
shown acceptable results, but it is expected to facilitate
the assessment of borders, extent and size of SMTs in
the future. Still, EUS is rather subjective and therefore the
reproducibility of the results is reduced.
Biopsies should only be obtained, if the outcome could
lead to a cancellation of a planned operation, due to the
risk of malignant seeding in any malignant SMT[46] and
due to the risk of hemorrhage if biopsies are taken from
GISTs because of their brittleness[47].
Even in GISTs responsive to imatinib therapy, tumor
size may decrease over months or not at all[47;48]. Therefore,
with CT it may take months to reach conclusions regarding
GIST responsiveness, whereas FDG-PET determines
this within days to weeks after commenced treatment[48].
However, unless short-term follow-up is needed, CT is a
sufficient way of monitoring. The quality of multi-slice CT
is now comparable to MRI, but MRI has the advantage of
disclosing necrosis, due to the enhancement of gadolinium
in viable tumor tissue. MRI is especially an option when
assessing liver metastases, while FDG-PET detects
even small, malignant SMTs that may be overlooked by
other diagnostic methods. Thus PET or PET/CT are
recommendable for SMTs larger than 5 mm whereas (CP-)
EUS is preferred for SMTs smaller than 5 mm.
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Abstract
This review is part two of three, which will present
an update on the classification of gastrointestinal
submucosal tumors. Part one treats of the diagnosis
and part three of the therapeutic methods regarding
gastrointestinal submucosal tumors. In the past there
has been some confusion as to the classification
of gastrointestinal submucosal tumors. Changes in
classifications have emerged due to recent advances in
mainly immunohistochemistry and electron microscopy.
The aim of this paper is to update the reader on
the current classification. Literature searches were
performed to find information related to classification
of gastrointestinal submucosal tumors. Based on these
searches the twelve most frequent submucosal tumor
types were chosen for description of their classification.
The factors that indicate whether tumors are benign or
malignant are mainly size and number of mitotic counts.
Gastrointestinal stromal tumors are defined mainly by
their CD117 positivity. In the future, there should be no
more confusion between gastrointestinal stromal tumors
and other types of submucosal tumors.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Submucosal tumors (SMTs) are mesenchymal tumors
and as such, they may have very diverse origins. SMTs
were originally divided into being of muscular or neural
derivation. However, in the past decade it has become
more obvious that the SMT group, gastrointestinal stromal
tumors (GISTs), cannot be placed in any of these groups.
This conclusion has been drawn based on the electron
microscopic and immunohistochemical features, since
GISTs in about 95% of cases stain positively for the
protein CD117[1-3]. This protein is not expressed by any of
the other SMTs, except for heterotopic pancreatic tissue[3],
which however does not pose a differential diagnosis since
it is easily differentiated from GISTs by light microscopy.
However, as metastases from various sites may also present
as SMTs, there is almost no limitation to the origin of
SMTs.
Differing between benign and malignant SMTs
may course few problems, whereas it creates a special
obstacle to distinguish between a benign SMT and the
potentially malignant GIST. GISTs may appear benign
both in mitotic counts and lack of cellular atypia, but
still behave malignantly[4]. Therefore it is of great value
that immunohistochemistry has been introduced, since
staining for few proteins provides the information for this
classification.
The implementation of immunohistochemistry in the
definition of GISTs and other recent chances regarding
the classification of SMTs, have created a need for a
review in this field. The aim of this paper is to update the
reader on particularly immunohistochemistry, morphology,
and other characteristics of the 12 most frequently encountered SMTs for classification purposes, grouped as benign
or malignant.

BENIGN SUBMUCOSAL TUMORS
SMTs smaller than 3 cm are generally considered benign
tumors. The number of mitotic counts allowed for benign
SMTs varies among the different SMTs.
Leiomyomas
On cut section leiomyomas have a pale, firm, rubbery or
whorled appearance[6]. Microscopically, they constitute of
a bland spindle cell population arranged in fascicles and
whorls. Mitoses are lacking or few in number and necrosis
is normally absent[7]. Concerning immunohistochemistry,
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leiomyomas are globally positive for desmin and smooth
muscle actin, but negative for CD34 and CD117 proteins[8].
Malignant chang e is ver y rare in leiomyomas.
Thus, a leiomyoma does not represent a presage of a
leiomyosarcoma in most cases[10-12].
Schwannomas
On cut section, Schwannomas are grey in color [13] .
Microscopically, spindle cells are seen with vague nuclear
palisading. There are often sprinkled lymphocytes and
a nodular lymphoid cuff [8,9,13]. Immunohistochemically,
Schwannomas are positive for S100-protein and
vimentin[3,9,13].
Schwannomas are always benign and have never
been reported to develop malignancy[8,9]. Therefore, it is
important to differentiate them from GISTs, which they
resemble both grossly and clinically. Immunohistochemistry
provides the sufficient distinction[9,13].
Granular cell tumors
This benign neoplasm is of neural origin (Schwann
cell) and often involves peripheral nerves in mucosa or
connective tissue[14,15].
Microscopically, granular cell tumors typically infiltrate
between adjacent tissues and the overlying mucosa may
show pseudocarcinomatous hyperplasia[15,16]. Furthermore,
they most commonly appear as sheets of unifor m
histiocyte-like cells with an abundant, eosinophilic,
periodic acid-Schiff-reaction-positive cytoplasm
containing lysosomal granules and small vesicular nuclei[7].
Immunohistochemically, granular cell tumors are S100
protein- and neuronspecific enolase-positive, lending
support to their neural derivation[1,7,9,16].
Malignant change is very rare and based strictly on the
presence of metastases[7].
The firm consistency of granular cell tumors makes
it difficult to achieve a biopsy [14]. If the biopsy is too
superficial, granular cell tumors may be confused with
squamous cell carcinoma, since the overlying mucosa may
show pseudocarcinomatous hyperplasia[16].
Heterotopic pancreatic tissue
The cut surface of heterotopic pancreatic tissue is typically
tan[17]. If the covering mucosa is intact, the heterotopia
appears smooth-walled and well circumscribed [18] .
Microscopically and immunohistochemically, heterotopic
pancreas may contain all features of a normal pancreas[1,18,19].
Though rare, malignancy in heterotopic pancreas must
be considered[1,19-21].
Differential diagnoses. If mucus retention is present,
heterotopic pancreatic tissue can be hard to differ from
duplication of the stomach and mucinous carcinoma[19]. If
acini and ducts are missing, it may be misinterpreted as an
adenomyoma[17].
Lipomas
The cut surface in a lipoma is homogenously yellow,
lobulated and has the appearance of adipose tissue[17,22].
Microscopically, lipomas are composed of mature
adipose tissue surrounded by a fibrotic capsule[1,9]. They
www.wjgnet.com
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arise mostly from submucosal fat, but infrequently
from subserosal fat [22,23] . Fat cells are S100 positive,
and CD34 positive spindle cells may be seen, but
immunohistochemistry plays little role in the diagnosis of
lipomas[24].
Neither solitar y lipomas nor lipomatosis has a
malignant potential. Liposarcomas are exceptionally
rare and will therefore not be mentioned further in this
review[1].
Neurofibromatosis
Neurofibromas are classified into three groups as either
being localized, diffuse or plexiform, the latter being
pathognomonic for neurofibromatosis type 1 (von
Recklinghausen Disease). Diffuse neurofibromas are rare
in the GI tract[25,26]. They normally involve the myenteric
nerve plexus[25].
Macroscopically, localized neurofibromas are fusiform
or diffuse tumors with a gray or tan cut surface. Plexiform
neurofibromas have a ropelike appearance, when they
involve non-branching nerves, but are described as “a bag
of worms”, when they involve highly branching nerves[25].
Localized and plexiform neurofibromas have the same
microscopic appearance, but the latter is organized into
multiple fascicular units. The tumors consist of spindle
cells loosely arranged (Schwann cells and fibroblasts) with
varying amounts of intervening collagen. Frequently,
accumulation of mucopolysaccharides results in a
gelatinous or myxoid tumor [25,27]. Immunostaining for
S-100 may reveal residual myelinated nerve fibers[25].
Malignant progression may be seen especially in
patients with plexiform neurofibromas forming malignant
peripheral nerve sheath tumors[28].
Vascular tumors
Hemangiomas: Hemangiomas are classified into three
major types: capillary, cavernous or mixed. The former
is the commonest and results in small tumors, contrary
to the cavernous, which may involve long segments and
all wall layers of the ileum [1]. Hemangiomas represent
either true neoplasms or hamartomas[29]. Microscopically,
sheets of spindle cells are seen, interspersed by clusters of
erythrocytes[9]. Immunohistochemically, hemangiomas are
positive for CD31, CD34 and factor Ⅷ[3,9].
Lymphangiomas: Histologically, the presence of
lymphocytes in lymphangiomas aids the differentiation
f r o m h e m a n g i o m a s [ 1 ] . I m m u n o h i s t o c h e m i c a l l y,
lymphangiomas are typically factor Ⅷ and D2-40 positive,
where D2-40 is more specific and aids the differentiation
from hemangiomas[3].

MALIGNANT SUBMUCOSAL TUMORS
SMTs larger than 3-5 cm, with mitotic counts greater than
2 per 10 high power fields or that involve more layers are
generally considered high-risk tumors for malignancy.
GISTs have another classification, as described below[2,9].
Leiomyosarcoma
Leiomyosarcomas are predominantly exophytic and macroscopically visible (Figures 1 and 2) [30,31]. Microscopically,
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Figure 1 Exophytic leiomyosarcoma of the ileum, measuring 6 cm x 5 cm x
3 cm. A fibrin coated mucosa with stigmata of hemorrhage and discolorations of
the adjacent mucosa can be seen (Courtesy by S Duun).

Figure 3 The leiomyosarcoma presented in Figures 1 and 2. It is of low
malignancy, but shows nuclear atypia, pleomorphism and mitoses. (HE, x 100)
(Courtesy by S Duun).

Figure 2 Cut surface of the leiomyosarcoma presented in Figure 1, showing a
possible necrosis and a white, fish-flesh-like color, as typical for sarcomas. The
surface did not bulge on incision (Courtesy by S Duun).

Figure 4 Histological findings of a GIST showing a positive CD117 immunohistochemical reaction. (× 200) (Courtesy by B Vainer).

necrosis, cellular and nuclear pleomorphism, mitotic figures
and atypical mitoses are typically seen (Figure 3)[17,30,32].
There may be areas of fibrosis, hyalinization or necrosis[17].
Leiomyosarcomas are positive for desmin and smooth
muscle actin, but negative for CD34 and CD117[9].
Differentiation between leiomyosarcomas and
leiomyomas is difficult, but leiomyosarcomas may possess
typically malignant features as disorganized microscopic
appearance, a high mitotic index and the presence of
metastasis[31].
Gastrointestinal Kaposi’s sarcoma
Microscopically, Kaposi’s sarcoma exhibit erythrocytes
trapped in clefts in pleomorphic spindle cells, and may
therefore be classified as a vascular tumor[1,9]. Kaposi's
sarcomas are positive for vimentin and smooth muscle
actin and typically also for CD31 and CD34. A little more
than 50% are positive for factor Ⅷ[3]. Furthermore, human
herpes virus 8 can be demonstrated by polymerase chain
reaction[9,33].
The most important differential diagnosis is bacillary
angiomatosis[34]. Additionally, flat Kaposi’s sarcomas may
be confused with a cytomegalovirus (CMV) lesion[7].
Metastases in the gastrointestinal tract
Microscopic and immunohistochemical similarity

between the primary tumor and another tumor suggests
metastasis[35,36]. Immunohistochemistry may therefore be
essential in determining the origin of the metastasis[36].
Differential diagnoses to metastases are mainly primary
tumors[35,37].
Gastrointestinal stromal tumors
Immunohistochemistry was the reason for the introduction
of the GIST appellation in 1983[38]. Still, many SMTs were
misclassified as GISTs and vise versa until recently[5,39].
Macroscopically, low-risk GISTs are typically
circumscribed but not encapsulated. The cut surface is
without whorls and has a characteristic grey color. Highrisk GISTs are sarcomatous on the cut surface, white,
fish flesh like, and may show signs of hemorrhage,
calcification, ulceration, necrosis, cystic areas and myxoid
degeneration. However, these features may also be seen
in larger low-risk GISTs. Neither endophytic features nor
ulcerations necessarily equals malignancy[1,4,40].
Microscopically, GISTs typically have spindle cell
morphology, but epithelioid morphology may be seen[1,8,41].
Immunohistochemically, CD117 protein is a rather specific
marker for GISTs with 95% positivity for the protein
(Figure 4)[1-3]. The World Health Organization suggests
that this may be the single, best defining feature of GISTs.
The 5% of GISTs negative for CD117 are due to artifacts,
sampling errors, clonal evolution (perhaps in imatinib
www.wjgnet.com
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treatment) and only 2% actually lack CD117[3,5]. The latter
seem to have mutations in platelet derived growth factor
receptor alpha (a CD117-related tyrosine kinase receptor)
instead[42]. About 70% of GISTs are positive for CD34[3].
Furthermore, nearly all GISTs will show diffuse and strong
staining for vimentin[3]. A recent investigation has shown
no significant correlation between survival, histological
tumor type (epithelioid or spindle cell) and CD34
immunoreactivity (positive versus negative)[43]. Electron
microscopic features are a mixture of autonomic nerve
and smooth muscle cells[9,44].
About 20%-30% of all GISTs display malignant
behavior[45,46]. All GISTs are potentially malignant and thus
cannot be classified as benign versus malignant. Instead,
they are regarded as being of very low risk (tumor <
2 cm and < 5 mitoses/50 high power fields), low risk,
intermediate risk or high risk (tumor > 5 cm and > 5
mitoses/50 high power fields or tumor >10 cm regardless
of mitotic activity) for recurrence and metastasis or overtly
malignant (proven metastases at initial diagnosis)[1,43,47]. A
recent study has found a perhaps more clinically useful
classification focusing on three factors: tumor size (smaller
or larger than 5 cm), hemorrhage/necrosis (absence or
presence) and Ki-67 LI (proliferation marker; more or
less than 3%), which shows significant difference between
benign and malignant defined this way[45].
As typical for sarcomas, GISTs generally do not
metastasize to the regional lymph nodes[48], but instead
spread hematogenously to the liver or metastasize to the
peritoneum[41,49,50]. These are also the commonest sites of
recurrence[47,51]. A few GISTs seem to lack mitotic activity,
but still metastasize[4,5]. Due to this unpredictable behavior,
all GISTs must be treated as potentially malignant.
Microscopic differential diagnoses are leiomyoma,
leiomyosarcoma, Schwannoma (if the nuclei have a
palisade confor mation), neurofibroma and more [48] .
Differentiation is made with immunohistochemistry or
electron microscopy.

typically factor Ⅷ positive. Immunohistochemistry plays
little role in the diagnosing of lipomas and heterotopic
pancreatic tissue, as their microscopic appearance is easily
recognized.

CONCLUSION

10

The combination of size, histological, immunohistochemical and, if possible, ultrastructural criteria is the
most precise way of classifying SMTs and defining benign
or malignant properties. Concerning the possibility of
malignancy, this should always be considered when SMTs
are larger than 3 cm or with mitotic counts greater than 2
per 10 high power fields. However, GISTs should always
be considered potentially malignant.
Smooth muscle derived SMTs (e.g. leiomyomas and
leiomyosarcomas) stain strongly and diffusely for desmin
and smooth muscle actin and are negative for CD34 and
CD117 as opposed to GISTs, which are mostly positive
for the CD34 and CD117 biomarkers, with the latter
being an almost specific marker for GISTs. Accordingly
mesenchymal tumors are now less likely to be misclassified.
As a third group, SMTs of neurogenic origin (e.g.
Schwannomas, granular cell tumors and neurofibromas)
typically show positivity for S100 and neg ativity
for desmin, actin and CD117. Vascular tumors (e.g.
hemangiomas, lymphangiomas and Kaposi’s sarcomas) are
www.wjgnet.com
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Abstract
This review is part three of three and will present an
update on the therapeutic options and procedures
concerning gastrointestinal (GI) submucosal tumors
(SMTs). The aim of this paper is to investigate the
treatments of GI SMTs and to present a case of a
gastrointestinal stromal tumor (GIST). Literature
searches were performed to find information on therapy
for GI SMTs. Based on these searches, the optimal
therapeutic procedures could be outlined. The choice of
treatment of localized tumors is endoscopic resection
if possible or, alternatively, laparoscopic resection or
surgical resection by an open procedure. However,
benign SMTs should only be excised if symptoms are
present, and GISTs should be treated with particular
precautions. Irresectable or recurrent GISTs may be
successfully treated with the tyrosine kinase inhibitor,
imatinib.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Surgical resection is the golden standard for treatment
of gastrointestinal (GI) submucosal tumors (SMTs).
However, new surgical and medical therapeutic options
for SMTs have emerged recently. These include, primarily,

www.wjgnet.com

endoscopic resection and usage of the tyrosine kinase
inhibitor, imatinib.
The choice of treatment is based on whether the SMT
is thought to be: benign, malignant, exophytic, endophytic,
its size, extent and the presence of symptoms. Treatment
is mostly not indicated in an asymptomatic, benign SMT,
found incidentally. These SMTs are instead controlled
by follow-up examinations[1]. On the contrary, malignant
SMTs should be excised surgically as a rule[2,3].
Gastrointestinal stromal tumors (GISTs), the most
common mesenchymal tumors in the gastrointestinal
tract, form a specific problem as they have the ability
to metastasize, even though they may appear to be
fully benign[4,5]. In recent years it has become clear that
the tyrosine kinase inhibitor, imatinib, has a place in
the treatment of inoperable, recurrent and metastatic
GISTs[2,6-8].
Recent validation of these new treatment options has
created a need for a review of the therapeutic options
when dealing with SMTs. The aim of the present paper
is to update the reader on the different therapeutic
possibilities, mostly surgical, regarding various types of
SMTs. A case story of a GIST is presented in this context.

ENDOSCOPIC SURGERY
For SMT resection, endoscopic surgical procedures
represent an alternative to laparoscopic and conventional
open surgical bowel resection procedures in selective cases.
Endoscopic ultrasonography (EUS) and multi-slice CT
are helpful tools for deciding on which type of surgical
procedure should be performed[1]. A comparison between
the different methods can be viewed in Table 1.
Standard snare polypectomy is performed with either
a one- or a two-channel endoscope. With the one-channel
endoscope, the cauterizing snare is placed around the
SMT base and pulled as the resection is performed. With
the two-channel endoscope, the oral part of the SMT is
grasped with a forceps and held, while the snare is placed
around the SMT[1].
Strip biopsy is initiated with a submucosal injection
of physiologic saline, which may be EUS-guided. This
separates the muscularis propria from the luminal layers.
After placing a snare around the SMT base, excision
is done with electrocoagulation while tightening the
snare[1,9,10].
Resection can also be perfor med with a ligation
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Table 1 Various endoscopic therapeutic procedures for the treatment of SMTs

[1,56]

SSP

1

Indication

Contraindications

SMT < 2 cm; polypoid/
pedunculated; sessile with a
base < 1-2 cm; intraluminal
and originating in muscularis
mucosa or submucosa

SMT > 2 cm; originating
from the muscularis propria;
intramural SMT; extraluminal
SMT; located on the lesser
curvature, posterior aspect of
the stomach body or the cardia
Same as for SSP

SB[1,9,10,57,58] Same as for SSP

ESMR-L[1] SMT < 1 cm

SMT > 1 cm; originating from
the muscularis propria

ESMR-C[1] SMT < 2 cm

SMT > 2 cm; SMTs in the
muscularis propria

UT[1,58]

Simple and multicystic SMTs Vascular tumors
(e.g. lipomas and cystic
lymphangiomas)

EE-M[1]

Easiest if well capsulated;
large SMTs and SMTs in the
muscularis propria can be
removed by this technique

EE-I[1]

Large SMTs and SMTs in the Unknown since this is a new
muscularis propria can be
technique
removed by this technique

SMTs with wide bases,
severe adhesions or not well
capsulated

Complications

Advantages

Incomplete resection,
High success rate, few
hemorrhage, perforation complications
(when the SMT is > 2.5
cm)

Minor bleeding treated
with saline inj., metal
clips or liquid thrombin

Disadvantages
See "Complications"

The saline injection prevents
full-thickness burning and
perforation; high success rate;
safe, quick and easy method

If the saline is injected in
the surrounding tissue,
the SMT will become
sessile and therefore
more difficult to remove
No serious complications Not restricted by the location This technique can only
have been reported
of the SMT; achieves deeper be applied to small
resection than SB and
SMTs
conventional EMR and thus
a higher rate of curative
resection
Minor hemorrhage,
Simpler and easier version of See "Complications"
though rare.
EMR; high success rate; saline
inj., see SB
Hemorrhage
Reduced risk of perforation, Only applicable in cases
due to the fact that only the
of lipomas and cystic
upper half is removed; can be lymphangiomas
applied to larger tumors
Minor hemorrhage
Can be used to resect
Very difficult to perform
leiomyomas originating from
the muscularis propria; sessile
or large SMTs > 2 cm can be
resected
Perforation, minor
Like EE-M this technique is
New method, which
hemorrhage
not limited by the size, sessile means that the efficacy
form or association with the and safety is not known
muscularis propria
for sure

1

These are not absolute contraindications, but should rather be seen as circumstances, where resection is complicated. SSP: standard snare polypectomy; SB: strip
biopsy; ESMR-L: resection performed with a ligation device; ESMR-C: endoscopic submucosal tumor resection with a transparent cap; UT: unroofing technique;
EE-M: endoscopic enucleation performed with an initial mucosectomy; EE-I: endoscopic enucleation performed with an insulated-tip electrosurgical knife.

device. After a submucosal saline injection the SMT is
aspirated into the ligation device and the elastic band
is released around it. Snare resection is performed with
electrocoagulation below the elastic band. Endoscopic
SMT resection with a transparent cap is a simpler and
easier method[1].
With the unroofing technique, the upper half of the
SMT is resected with a snare, creating an opening in
the overlying mucosa. In most cases, the remnant SMT
resolves spontaneously[1].
Endoscopic enucleation can be performed with an initial
mucosectomy. The superficial part of the tumor is removed
employing a snare or a cutting knife. Then a biopsy forceps
is used to separate the SMT from the surrounding tissue,
and the tumor can be removed with a snare[1].
Endoscopic enucleation can also be performed with
an insulated-tip electrosurgical knife. Epinephrine injected
in the proximal aspect of the SMT detaches it from the
overlying tissue. Using a needle-knife, a 3-5 mm diameter
hole is made. With the insulated-tip electrosurgical knife
introduced though the hole, a longitudinal incision is made
in the overlying mucosa and the surrounding tissue is
dissected away. The tumor can now be removed en bloc[1].
Some therapeutic interventions can also be performed

with push-and-pull enteroscopy in selected cases, which is
typically a symptomatic, benign, small intestinal SMT[11].

TREATMENT OF BENIGN SUBMUCOSAL
TUMORS
Benign SMTs should generally only be treated if they are
symptomatic. In case of asymptomatic SMTs, follow-up
examinations seems to be the best approach[1]. Exceptions
from this rule (e.g. heterotopic pancreatic tissue) will be
dealt with in the following.
Leimyomas
Small, symptomatic, duodenal leiomyomas with benign
features can be safely treated with local excision via
a longitudinal duodenotomy [12] . If the leiomyoma is
located in the esophagus it will often result in progressive
dysphagia, in which case enucleation or resection is
required[13]. Endoscopic excision is also an option, and
even leiomyomas larger than 2cm can be removed by
enucleation using a snare, cutting knife or an insulated-tip
electrosurgical knife, see above[1]. A case report has shown
a successful resection of an esophageal leiomyoma by
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means of thoracoscopic enucleation[13]. In asymptomatic
leiomyomas, follow-up may be preferred[1].
Schwannomas
Since GI Schwannomas are always benign, removal is only
indicated in case of severe symptoms[14].
Granular cell tumors
In case of symptoms, endoscopic tumor excision is a good
alternative, when the tumor is restricted to the inner layers,
as recurrence or metastasis has never been documented
in any patients [15,16]. When the tumor also invades the
outer layers, EUS can contribute to planning the surgical
resection[15].
An investigation of laser therapy for esophageal
granular cell tumors included four patients. The method
was successful in achieving complete necrosis of the
esophageal changes, necessitating four sessions per patient.
A mean follow-up period of 66 mo showed no evidence
of tumor recurrence. No complications were observed
leaving laser therapy as a putative new therapy in selected
cases[17].
Heterotopic pancreatic tissue
Malignancy in heterotopic pancreas must be considered,
although it is relatively rare [18-21]. If symptoms occur,
surgery may be a necessity[18]. Endoscopic resection may
be performed either by standard snare polypectomy, strip
biopsy, resection performed with a ligation device or by
endoscopic submucosal tumor resection with a transparent
cap[1]. If heterotopic pancreatic tissue is found incidentally
during operation for other reasons, prophylactic resection of the tissue is advisable for prevention of later
complications[22].
Lipomas
Large lipomas may cause massive bleeding or intussusception[1]. If symptoms occur, the treatment of choice
is surgical removal[23-26]. If the tumor is small, endoscopic
polypectomy or enucleation may be preferred[23]. Large
lipomas can be removed with the unroofing technique[1].
Asymptomatic lipomas should be followed without
surger y [24,26] and some of them may in fact resolve
spontaneously[1].
Neurofibromas
Neurofibromas are not easy to treat, as they may seem
well defined macroscopically, but microscopy often reveals
local infiltration. Therefore, these tumors commonly recur
after excision[27]. Accordingly surgical resection has to be
recommended due to high frequency of recurrence.

VASCULAR TUMORS
Hemangiomas
The therapeutic strategy depends on the size, number,
location and symptoms [28]. Endoscopic coagulation or
removal of a recurrently bleeding hemangioma may be
performed either as an exploratory laparotomy with
excision of the hemangioma or as laparoscopic excision
www.wjgnet.com

June 28, 2007

Volume 13

  Number 24

with preceding push-and-pull enteroscopy, where the
hemangioma is marked with ink [29]. However, in blue
rubber-bleb nevi syndrome where multiple hemangiomas
may be present, complete eradication may be impossible[28].
Alternatively, endoscopic laser photocoagulation or plasma
argon coagulation may be performed[28].
Lymphangiomas
Large, symptomatic lymphangiomas can be removed
endoscopically with the unroofing technique[1].

TREATMENT OF MALIGNANT
SUBMUCOSAL TUMORS
Leiomyosarcomas
As leiomyosarcomas are considered radio- and chemoresistant [30], surgical resection remains the only effective
treatment and involves both the tumor and adjacent
mesentery in small-intestinal leiomyosarcomas[3].
Kaposi’s sarcoma
Kaposi’s sarcoma typically occurs in the coexistence of
human herpes virus 8 and HIV[31,32]. The classical Kaposi’s
sarcoma is rarely fatal contrary to the much more frequent
HIV-associated variant[31]. The treatment is usually dictated
by the presence of symptoms [33], and should initially
include highly active antiretroviral therapy against HIV
with or without specific anti-Kaposi’s sarcoma therapy.
This has been shown to halt progression or induce
regression. Kaposi’s sarcoma is moderately responsive to
radiation and chemotherapy[32].
Metastases
Treatment of metastases is angiographic embolization
to control active tumor bleeding, endoscopic removal of
the metastases, surgical exploration or medical treatment.
If multiple organ involvement is present, and there
is no active bleeding, the indication for treatment is
questionable[34].
Treatment of gastrointestinal stromal tumors
GISTs stand out as especially complicated to treat
compared to other SMTs. Therefore the treatment of
these tumors will be described in more detail.
Surgical approaches: laparotomy or laparoscopy?
The first choice of treatment of localized GISTs is
complete surgical resection, which seems to be the
most important prognostic criterion [2,8,35,36]. The tumor
should be removed en-bloc respecting a possible pseudocapsule to avoid intraperitoneal dissemination[6,36-38], and
therefore adjacent organs adherent to the GIST should
be resected en-bloc with the tumor [2,36]. GISTs should
be resected aggressively with a tumor-free margin[2,6,37,39],
and determining this is mostly not much of a problem,
since GISTs tend to be exophytic[36]. Re-excision should
be considered in case of intramural GISTs that have been
excised intra-lesionally and do not infiltrate the serosal
surface[2]. A consensus meeting in 2005 concluded that
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laparoscopic surgery should be avoided, especially in
GISTs larger than 2 cm, due to the risk of rupture[2]. Yet
recent studies of even very large (up to 15 cm)GISTs
showed successful and safe resection in nearly all of the
patients employing laparoscopic resection. The reason
for unsuccessful laparoscopic treatment (1 patient out
of 64) was conversion to laparotomy due to suspected
bowel injury when establishing pneumoperitoneum[37,40].
Lymphadenectomy is not a routine procedure owing to
the route of malignant spread in GISTs, which is mainly
hematological metastasis to the liver[2,6,39]. Hepatectomy for
liver metastasis is not recommended as it does not seem to
increase survival rates[41]. If the GIST is large or involves
large vessels embolization should be considered.
Tyrosine kinase inhibitors-imatinib
GISTs are chemo- and radioresistant [42,43]. Immediate
medical treatment with the tyrosine kinase inhibitor,
imatinib, is indicated in case of metastatic, recurrent or
irresectable GISTs[2,6-8]. Imatinib should also be considered
in case of equivocal images[2]. The effect can be monitored
with combined positron emission tomography (PET) and
CT, PET-CT[44]. Imatinib is given as an oral treatment,
with a recommended daily dose of 400 mg[2,7]. For lack of
response, 600-800 mg/d may be attempted[2]. Treatment
with imatinib should be continued until progression,
intolerance or patient refusal[2].
Imatinib specifically inhibits a mutated tyrosine kinase
receptor (kit-receptor; CD117) that normally regulates
cell growth and survival, but a gain-of-function mutation
has made it continuously active. However, imatinib has
also shown to inhibit platelet derived growth factor
receptor alpha mutations (a CD117-related tyrosine
kinase receptor) and tumors without mutations[2,7,8,44-47]
(e.g. neurofibromatosis type 1-associated GISTs) [48]. A
reason for the dramatic effect of imatinib is probably that
it inhibits the kit-receptor signaling, which secondarily
inhibits the glucose uptake and metabolism and thus cell
proliferation[44,49].
The effect of imatinib on GISTs often results in
increased tumor size due to hemorrhage, edema and
myxoid degeneration and therefore do not correlate to
the response criteria of the World Health Organization
or of Response Evaluation Criteria in Solid Tumors[2,50].
Decreased metabolism in fluorodeoxyglucose marked
PET (FDG-PET), reduction in tumor density (Hounsfield
units) in CT and symptomatic improvement all indicate
tumor response to imatinib[2]. Long-term studies are still
not available. However, patients did not survive for more
than 1 year earlier, but with imatinib therapy they now
live for more years[51]. High and intermediate risk GISTs
should be followed with a CT scan every 3-4 mo for 3
years, then every 6 mo until 5 years and yearly thereafter.
Low and very low risk GISTs can be followed every 6 mo
for 5 years[2].
The side effects from imatinib tend to be mild and occur
rather infrequently[44,50,52]. However, lethal complications
such as bleeding may occur[50].

CASE STORY
A 61-year-old woman was hospitalized due to black stools
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Figure 1 Histological findings of the gastrointestinal stromal tumor described in
the case are presented showing spindle shaped cells with mild, nuclear atypia, few
mitoses and slight, diffuse lymphocyte infiltration is seen (HE, x 100). Courtesy of B.
Vainer.

for three days, fainting fits and hematemesis during the
past week. The patient suffered from mild epigastric pain
and had also experienced nausea.
On examination, the patient was found to be slightly
tender corresponding to the epigastrium. Black feces were
found at rectal exploration and fresh blood appeared from
the stomach tube. Hemoglobin was only 4.5 mmol/L
(reference interval: 7-10) at admission.
At standard upper endoscopy a 4 cm × 4 cm SMT was
revealed in the anterior wall of the stomach, close to the
cardia. It had a fibrin-coated ulceration showing stigmata
of hemorrhage. The biopsies were inconclusive, due to
lack of submucosal representation.
A CT scan confir med the gastric mass, but also
revealed a mass in the left adrenal gland. It was not
possible to take a biopsy from the latter by ultrasound
due to lack of visualization. Neither was it possible by CT
owing to the fact that there was no free window to reach
the tumor without serious risk of lung damage.
The patient was refer red for resection of both
tumors by an open surgical procedure. Postoperatively, an
explorative laparotomy was performed due to non-specific
hemorrhage. Furthermore, bilateral, moderate pleura
exudates were found, however not requiring drainage.
Apart from this, the postoperative course was uneventful.
Macroscopic examination showed a tumor size of
45 mm × 40 mm × 36 mm with a cystic lumen of 37
mm containing blood and mucus. The consistency of the
tumor tissue was firm, it had a capsule-like structure with
fibrous septa and the color was mixed gray-yellow and
brown. Microscopically, the tumor tissue was whirled with
distinct palisading nuclei (Figure 1). The cells were spindle
shaped with mild nuclear atypia and few mitoses (1-2/50
high power fields). There was significant edema and mild,
diffuse lymphocyte infiltration. Furthermore, central
degeneration with sequelae from hemorrhage, fibrosis and
coagulation necrosis surrounding vascular structures was
seen. Additionally, multiple small, thin-walled cysts looking
like dilated lymph vessels and invaginated serosal surface
was found. No tumor necrosis was seen.
Immunohistochemically, the tumor tissue was strongly
reactive for CD117 and CD34 (Figures 2 and 3) with
smaller areas being positive for smooth muscle actin, and
www.wjgnet.com
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Figure 2 Histological findings of the gastrointestinal tumor described in the case
are presented showing a positive CD34 immunoreaction (x 100). Courtesy of B.
Vainer.

Figure 3 Histological findings of the gastrointestinal stromal tumor described
in the case are presented showing a positive CD117 immunoreaction (x 200).
Courtesy of B. Vainer.

negative for desmin, S-100 and cytokeratin. MIB-1 (Ki-67,
proliferation marker) was reactive in 1%-2% of the cells.
In conclusion, the tumor was found to be a lowrisk GIST with microscopically confirmed free resection
margins. The adrenal tumor was a cortical adenoma and
was not related to the GIST.

interval for patients with low-risk GISTs like the present
case is CT scans every 6 mo.

DISCUSSION
The choice of surgical procedure is dictated by the clinical
condition of the patient, the type, size, shape, location
and extent of the GI SMT. In general, benign appearing,
asymptomatic SMTs should be evaluated by followup examinations, whereas surgical resection should be
reserved for symptomatic SMTs or those suspicious of
malignancy, including all GISTs[53,54].
The surgical procedure can either be perfor med
endoscopically for intraluminal growing SMTs, laparoscopically for SMTs with extraluminal growth or through
laparotomy for SMTs suspected to be malignant [39,55].
Employing endoscopic resection, there is an increased risk
of perforation and hemorrhage, if the SMT is located near
the serosa, but this may be prevented by the application of
metal clips[1]. The availability for expertise in endoscopic
and laparoscopic procedures will be a limiting factor until
these techniques have been implemented. Referral to
expert centers is therefore a necessity.
GISTs should always be removed, since all of these
tumors can potentially metastasize. The laparoscopic and
open surgical resection procedure with a “gentle-touch
technique” is recommended in order to reduce the risk of
hemorrhage and intra-peritoneal dissemination, as GISTs
tend to have a friable consistency. Medical treatment
with a tyrosine kinase inhibitor (i.e. imatinib) is indicated
for recurrent or irresectable GISTs as this treatment has
proven very effective, safe and tolerable. Follow-up with
CT in patients with GISTs is recommended.
In the presented case, the GIST was excised in toto and
adrenectomy was performed in the same intervention.
Hemostasis was achieved. The following night, acute
operation was performed due to hemorrhage, which arose
from the adrenectomy area. The recommended follow-up
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Abstract
AIM: To study at transcriptional level the similarities and
differences of the physiological and biochemical activities
between liver tumor (LT) and regenerating liver cells.
METHODS: LT-associated genes and their expression
changes in LT were obtained from databases and
scientific articles, and their expression profiles in rat liver
regeneration (LR) were detected using Rat Genome 230
2.0 array. Subsequently their expression changes in LT
and LR were compared and analyzed.
RESULTS: One hundred and twenty one LT-associated
genes were found to be LR-associated. Thirty four genes
were up-regulated, and 14 genes were down-regulated
in both LT and regenerating liver; 20 genes up-regulated
in LT were down-regulated in regenerating liver; 21
up-regulated genes and 16 down-regulated genes in
LT were up-regulated at some time points and downregulated at others during LR.
CONCLUSION: Results suggested that apoptosis activity
suppressed in LT was still active in regenerating liver, and
there are lots of similarities and differences between the
LT and regenerating liver at the aspects of cell growth,
proliferation, differentiation, migration and angiogenesis.

Xu CS, Zhang SB, Chen XG, Rahman S. Correlation analysis
of liver tumor-associated genes with liver regeneration.
World J Gastroenterol 2007; 13(24): 3323-3332
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INTRODUCTION
The liver is an organ with considerable regenerative
capacity[1]. After partial hepatectomy (PH)[2], about 95%
of quiescent hepatocytes re-enter synchronously into the
cell cycle to replenish the missing hepatocytes[3,4]. Whereas
excessive liver mass is regulated by apoptosis[5], this process
is called liver regeneration (LR)[3]. The regeneration process,
which according to cellular physiological and biochemical
activities is divided into the following parts: initiation (0.54 h after PH), transition from G0 to G1 (4-6 h after PH),
cell proliferation (6-66 h after PH), and cell differentiation
and reorganization of the structure-function (72-168 h
after PH)[6], or according to time course, into forepart
(0.5-4 h after PH), prophase (6-12 h after PH), metaphase
(16-66 h after PH) and anaphase (72-168 h after PH),
involves various physiological and biochemical activities
such as cell activation, de-differentiation, proliferation
and its regulation, re-differentiation, and rebuilding of
the structure and function[7,8]. Actually, some biological
activities in LR including cell proliferation and growth are
also observed in liver tumor (LT). It is usually thought
that tumorigenesis is mainly ascribed to the anomalous
activation of the genes having positive effects on LT cell
proliferation, growth, invasion and LT angiogenesis, as
well as the genes suppressing LT cell apoptosis, and/or
inactivation of the inhibitory genes related to LT cell
proliferation, growth, invasion and LT angiogenesis [9],
and the promotive genes of LT cell differentiation and
apoptosis. To elucidate the intrinsic differences between
the two events at transcriptional level, we checked the
expression profiles of above genes in regenerating livers
following 2/3 hepatectomy utilizing the Rat Genome
230 2.0 Array containing 249 LT-associated genes, and
primarily analyzed their expression changes and actions in
LR, as well as their relevance with LR.

© 2007 The WJG Press. All rights reserved.
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MATERIALS AND METHODS
Regenerating liver preparation
Healthy Sprague-Dawley rats weighing 200-250 g were
www.wjgnet.com
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obtained from the Animal Center of Henan Normal
University. The 276 rats were separated into 46 groups
randomly, 23 hepatectomized groups and 23 shamoperation (SO) groups，and each group included 6 rats.
PH was performed according to Higgins and Anderson[2],
by which the left and middle lobes of liver were removed.
Rats were killed by cervical vertebra dislocation at 0, 0.5,
1, 2, 4, 6, 8, 12, 16, 18, 24, 30, 36, 42, 48, 54, 60, 66, 72, 96,
120, 144 and 168 h after PH and the regenerating livers
were observed at corresponding time point. The livers
were rinsed three times in PBS at 4℃, and then total 1-2 g
livers (100-200 mg livers from middle parts of right lobe
of each sample, 6 samples per group) were gathered and
mixed together, then stored at -80℃. The SO group was
the same as hepatectomized group except the liver lobes
were not removed. The laws of animal protection of
China were enforced strictly.
RNA isolation and purification
Total RNA was isolated from frozen livers according to
the manual of Trizol reagent (Invitrogen Corporation,
Carlsbad, California, USA)[10] and then purified base on
the guide of RNeasy mini kit (Qiagen, Inc, Valencia, CA,
USA)[11]. Total RNA samples were checked to exhibit a
2:1 ratio of 28S rRNA to 18S rRNA intensities by agarose
electrophoresis (180 V, 0.5 h). Total RNA concentration
and purity were estimated by optical density measurements
at 260/280 nm[12].
cDNA, cRNA synthesis and purification
One to eight gram total RNA as template was used for
cDNA synthesis. cDNA purification was based on the way
established by Affymetrix[13]. cRNA labeled with biotin
was synthesized using cDNA as the template, and cDNA
and cRNA were purified according to the purification
procedure of GeneChip Analysis [13]. Measurement of
cDNA, cRNA concentration and purity were the same as
above.
cRNA fragmentation and microarray detection
Fifty μL (1 μg/μL) cRNA incubated with 5 ×
fragmentation buffer at 94℃ for 35 min was digested into
35-200 bp fragments. The hybridization buffer prepared
according to the way Affymetrix provided was added to
the prehybridized Rat Genome 230 2.0 array produced
by Affymetrix, then hybridization was carried out at 45℃
for 16 h on a rotary mixer at 60 rpm. The microarray
was washed and stained by GeneChip fluidics station 450
(Affymetrix Inc., Santa Clara, CA , USA). The chips were
scanned by GeneChip Scan 3000 (Affymetrix Inc., Santa
Clara, CA, USA), and the signal values of gene expression
were observed[14].
Microarray data analysis
The normalized signal values, signal detections (P, A, M)
and experiment/control (Ri) were obtained by quantifying
and normalizing the signal values using GCOS (GeneChip
operating software) 1.2[14].
Normalization of the microarray data
To minimize the technical error from the microarray
www.wjgnet.com
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Table 1 Primer and probe sequences used to validate the
microarray analysis by quantitative RT-PCR
Genes Primer sequences
β-actin FP: CCTGGCACCCAGCACAAT
RP: GCTGATCCACATCTGCTGGAA
Probe: ATCAAGATCATTGCTCCTCCTGAGCGC
jun
FP: TGCAAAGATGGAAACGACCTT
RP: GCCGTAGGCGCCACTCT
Probe: TACGACGATGCCCTCAACGCCTC
myc
FP: CCCCTAGTGCTGCATGAAGAG
RP: TCCACAGACACCACATCAATTTC
Probe: CACCAGCAGCGACTCTGAAGAAGAACA
tp53
FP: ATGAGGCCTTGGAATTAAAGGAT
RP: CGTAGACTGGCCCTTCTTGGT
Probe: CAGGGCTCACTCCAGCTACCCGAA

Tm

Amplified
products

58℃
58℃
68℃
58℃
59℃
68℃
59℃
58℃
68℃
58℃
59℃
68℃

221 bp

76 bp

95 bp

98 bp

FP: forward primer; RP: reverse primer.

analysis, each sample was hybridized three times to the
gene chips. The average value of three measurements
was normalized, and statistics and cluster analyses were
conducted on these values with GeneMath, GeneSpring
(Silicon Genetics, San Carlos, CA) and Microsoft Excel
Software (Microsoft, Redmond, WA)[14-16].
Verification of array results by RT-PCR
Primer and probe sequences were designed by primer
express 2.0 software according to mRNA sequences of
three target genes jun, myc, tp53 and internal control ®actin gene (GenBank number: BC078738, NM_012603,
AY009504 and NM_031144) and synthesized by Shanghai
GeneCore BioTechnologies Co. Ltd (Table 1).
Identification of genes associated with LR
Nomenclatures such as LT, hepatoma, hepatocellular
carcinoma, hepatocarcinogenesis, cholangiocarcinoma
and so on were input into the databases at NCBI (www.
ncbi.nlm.nih.gov) and RGD (rgd. mcw.edu) to identify rat,
mouse and human genes associated with LT. Then these
LT-associated genes were reconfirmed through literature
searches of the pertinent articles. Besides the rat genes,
other genes, that are now thought existing in mouse and/or
human and showed a greater than two-fold change in the
rat regenerating livers, were referred to as rat homologous
genes. Genes that displayed reproducible results with three
independent analyses using Rat Genome 230 2.0 array and
that showed a greater than two-fold change in expression
at least at one time point as a significant difference (P ≤
0.05) or an extremely significant difference (P ≤ 0.01)
between PH and SO, were included as being associated
with LR.

RESULTS
Comparison between the quantitative RT-PCR results and
the microarray results
The quantitative RT-PCR results of three chosen genes
jun, myc and tp53 at 0, 0.5, 2, 4, 6, 12, 24, 30, 36 and 96 h
after partial hepatectemy (PH) were compared with Rat
Genome 230 2.0 Array results (Figure 1) in order to verify
validity of this chip. According to quantitative RT-PCR
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Figure 1 Comparison of relative mRNA levels in regenerating liver detected by Affymetrix Rat Genome 230 2.0 microarray and real-time PCR analysis A: myc; B: jun; C:
tp53; Real line represents quantitative real time PCR results; broken line indicates Rat Genome 230 2.0 microarray results.

results, myc was up-regulated at 0.5-12 and 30-96 h after
PH with the highest point of 10.33 folds higher than
control at 4 h; jun expression was significantly up-regulated
at 0.5-4 h after PH, showing the greatest abundance of
4.28-fold of control at 0.5 h; and tp53 was up-regulated
at 96 h after PH. The result of RT-PCR suggested that
expression profiles of these three genes were basically
similar to that of array, which indicated that Rat Genome
230 2.0 Array had great reliability.
Expression changes of the associated-genes in LT and LR
Among 252 genes associated with LT obtained by
searching the related data in databases such as NCBI,
RGD etc., 249 genes were contained in the Rat Genome
230 2.0 Array. 121 of 249 genes yielded meaningful
expression changes on at least single time point after PH,
showed significant or extremely significant difference
between PH and SO, and displayed reproducible results
with three independent analyses with Rat Genome 230
2.0 Array, suggesting that these genes were associated
with LR. The data listed below indicated that expression
trends of 48 genes in LT was similar to that in LR,
whereas expression of 34 genes in the former underwent
opposite trend comparing with in the latter, and expression
changes of 39 genes in LT were similar to that in some
time point of LR. Specifically, the same trend towards up
regulation of 34 genes and down regulation of 14 genes
were exhibited in both LT and LR; 20 up-regulated genes
in LT showed down-regulation during LR, and 14 downregulated genes in LT revealed up-regulation during LR;
23 up-regulated genes and 16 down-regulated genes in LT
were up-regulated at some time points and down-regulated
at others during LR (Table 2).
The relationship of LT-associated genes with LR
According to function feature and expression profiles of
total 121 LT-associated genes in LR, they were divided
into six classes and twenty-nine subclasses (Figure 2),
and their expression changes in LR were present. Genes
up-regulated in both LT and regenerating liver include
nine cell proliferation-associated genes (1), four cell
growth-associated genes (2), one apoptosis-associated
gene (3), nine cell migration-associated genes (4), three
angiogenesis-associated genes (5), and eight genes
involved in other biological processes (6); Genes down-

regulated in both LT and regenerating liver include six
cell proliferation-associated genes (7), three apoptosisassociated genes (8), two differentiation-associated genes
(9), and three genes with other functions (10); Genes
down-regulated in LT but up-regulated in LR include two
cell proliferation-associated genes (11), four cell growthassociated genes (12), three apoptosis-associated gene (13),
and another five genes having other biological activities
(14); Genes up-regulated in LT but down-regulated in
LR include six cell proliferation-associated genes (15),
two cell growth-associated genes (16), one apoptosisassociated gene (17), three cell migration-associated gene
(18), three angiogenesis-associated genes (19), and five
genes with other functions (20); Genes up-regulated in LT
but up-regulated at some time points and down-regulated
at others in LR include four cell proliferation-associated
genes (21), three cell growth-associated genes (22), two
telomerase-associated genes (23), five cell migrationassociated genes (24), and nine genes participating in other
actions (25). Genes down-regulated in LT but up-regulated
at some time points and down-regulated at others during
LR include two cell proliferation-associated genes (26), six
cell growth-associated genes (27), one apoptosis-associated
gene (28), and seven genes related to biological events
differed from the above-mentioned actions (29).

DISCUSSION
Generally, cell proliferation and growth was done in
both LT and LR, but the former are malignant, and the
latter are controlled stringently. According to our data,
proliferation-promoting genes pcna, ccne1, cdk4, ahr,
wee1, ccna2, pin1, nek6 and smo[17-22] were up-regulated
in both LT and LR, and proliferation-inhibiting genes
creb3l3, pten, kit, gjb1, tff1 and csda [23-28], were downregulated in both, indicating that these genes promote cell
proliferation in the two events. Notably, the abundance
of CCNA2 mRNA in LT was approximately five-fold
higher than that in normal liver[17], and it reached its peak
with 45 folds of control at 66 h after PH, which might be
associated with an increased proportion of regenerated
hepatocytes. Growth-promoting genes hspb1, grn, tgfb1
and serpine1[29-31], whose expression levels were elevated
in LT, were up-regulated at metaphase of LR. Among
these four genes, serpine1 having the highest expression
www.wjgnet.com
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Table 2 Expression abundance of 121 liver tumor-associated genes during liver regeneration
Name

Gene

Associated

Fold

Comparison

Abbr.

to

difference

LT.

The same in gene expression trend
Cyclin A2
WEE1 homolog
Cyclin E1
Proliferating cell nuclear antigen
Smoothened homolog
Protein NIMA-interacting 1
Cyclin-dependent kinase 4
NIMA (never in mitosis gene a)-related kinase 6
Aryl-hydrocarbon receptor
Serpin peptidase inhibitor, clade E, member 1
Heat shock 27 kDa protein 1
Transforming growth factor, beta 1
Granulin
Myeloid cell leukemia sequence 1
WNT1 inducible signaling pathway protein 1
Selectin E
Metastasis associated 1
TIMP metallopeptidase inhibitor 1
Integrin, alpha V
Discs, large homolog 7
Lectin, galactoside-binding, soluble, 1
ADAM metallopeptidase domain 17
Integrin, beta 1
Calponin 1, basic, smooth muscle
Macrophage migration inhibitory factor
Collagen, type XVIII, alpha 1
Connective tissue growth factor
Hexokinase 2
Chemokine (C-C motif) ligand 20
v-jun sarcoma virus 17 oncogene homolog
Methyl-CpG binding domain protein 2
TERF1 (TRF1)-interacting nuclear factor 2
FMS-like tyrosine kinase 1
Proteasome 26S subunit, non-ATPase, 10
Phosphatase and tensin homolog
Cold shock domain protein A
cAMP responsive element binding protein 3-like 3

*Ccna2
Wee1
Ccne1
Pcna
Smo
Pin1
Cdk4
Nek6
Ahr
Serpine1
Hspb1
Tgfb1
Grn
Mcl1
Wisp1
Sele
Mta1
Timp1
Itgav
Dlg7
Lgals1
Adam17
Itgb1
Cnn1
Mif
Col18a1
*Ctgf
Hk2
Ccl20
*Jun
Mbd2
Tinf2
*Flt1
Psmd10
Pten
Csda
Creb3l3

2
2
2
2
1,2
2
2
2
1
2
2
2
2
2,3
2,3
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
1
2
2
1,2
1
1

45.1
20.9
18.5
10.6
3
2.5
2.5
2.3
2.2
16.7
11
4
2.3
4.3
14.9
12.9
9.6
8.6
5.2
4.3
3.7
2.7
2.6
7
3.2
3.1
13.9
8.9
8
6.9
3
2.8
2.3
2
0.5
0.5
0.4

↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↓
↓
↓

↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↓
↓
↓

v-kit Hardy-Zuckerman 4 feline sarcoma viral oncogene homolog

Kit

2

0.4

↓

↓

Gap junction protein, beta 1, 32 kDa

Gjb1

1,2

0.2

↓

↓

Trefoil factor 1
Caspase 9, apoptosis-related cysteine peptidase

Tff1
Casp9

3
2

0.1
0.5

↓
↓

↓
↓

Deleted in liver cancer 1

Dlc1

1,2

0.5

↓

↓

B-cell CLL/lymphoma 2

Bcl2

2

0.3

↓

↓

Inhibitor of DNA binding 1

Id1

1,2

0.3

↓

↓

Protein tyrosine phosphatase, receptor type, H

Ptprh

2

0.2

↓

↓

CD74 molecule, major histocompatibility complex, class II invariant chain

Cd74

2

0.4

↓

↓

Hepatocyte growth factor

*Hgf

1,2

0.4

↓

↓

Mannose-binding lectin (protein C) 2, soluble

Mbl2

2

0.2

↓

↓

The contrary in gene expression trend
Myelocytomatosis oncogene

Myc

1,2

19.7

↓

↑

Sprouty homolog 2

Spry2

2

8.1

↓

↑

Growth arrest and DNA-damage-inducible, beta

Gadd45b

2

55.7

↓

↑

Serine peptidase inhibitor, Kunitz type, 2

Spint2

2

7.2

↓

↑

MAD homolog 4

Smad4

1,2

3

↓

↑

Fibrinogen-like 1

Fgl1

2

2.2

↓

↑

Caspase 8, apoptosis-related cysteine peptidase

Casp8

2

10.6

↓

↑

Interferon gamma

Ifng

1,2

6.5

↓

↑

Tumor protein p53

Tp53

1,2,3

2.9

↓

↑

Early growth response 1

*Egr1

2

18.6

↓

↑

Transcription factor 1, hepatic

Tcf1

2

6.8

↓

↑

O-6-methylguanine-DNA methyltransferase

Mgmt

2

4.3

↓

↑

Glutathione S-transferase theta 1

Gstt1

2

3.2

↓

↑
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Glutathione S-transferase M1
Wingless-type MMTV integration site family, member 1
SHC (Src homology 2 domain containing)
Transforming protein 1
Inhibitor of kappaB kinase beta
FK506 binding protein 4, 59 kDa
Transcription factor 7-like 2
v-erb-b2 erythroblastic leukemia viral oncogene
Homolog 2
Heat shock 70kDa protein 1A
Heat shock 70kDa protein 5
High mobility group AT-hook 1
Ras homolog gene family, member C
Cortactin
Serpin peptidase inhibitor, clade B, member 3
Ephrin-B1
Coagulation factor II
Trefoil factor 3
Forkhead box A2
Glycogen synthase kinase 3 beta
ATP-binding cassette, sub-family B, member 1A
Solute carrier family 2 , member 1
Apolipoprotein E
The comparable in gene expression trend
Lysosomal-associated protein transmembrane 4B
Met proto-oncogene
Nuclear factor of kappa light polypeptide gene enhancer in B-cells 1 (p105)
Acyl-CoA synthetase long-chain family member 4
X-box binding protein 1
Nerve growth factor, beta polypeptide
Stearoyl-Coenzyme A desaturase 1
Telomerase reverse transcriptase
Telomeric repeat binding factor (NIMA-interacting) 1
Cadherin 17
Glycoprotein (transmembrane) nmb
Claudin 10
Plasminogen activator, urokinase
Secreted phosphoprotein 1
Alpha-2-macroglobulin
Chemokine (C-C motif) receptor 1
Matrix metallopeptidase 9
Angiopoietin 1
Mucin 1, cell surface associated
Heparanase
Megalencephalic leukoencephalopathy with subcortical cysts 1
Kinase insert domain protein receptor
Prostaglandin-endoperoxide synthase 2
Dual specificity phosphatase 1
Cyclin-dependent kinase inhibitor 1C
Growth arrest and DNA-damage-inducible, gamma
Hepatic nuclear factor 4, alpha
Runt-related transcription factor 3
Insulin-like growth factor binding protein 3
Suppressor of cytokine signaling 3
Suppressor of cytokine signaling 1
Fibroblast growth factor 2
Fragile histidine triad gene
Gamma-glutamyltransferase 1
Bone morphogenetic protein 7
E74-like factor 1 (ets domain transcription factor)
CD80 molecule
Glycine N-methyltransferase
Acyl-Coenzyme A oxidase 1, palmitoyl
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Gstm1
Wnt1
Shc1

2
2
2

2.2
0.5
0.5

↓
↑
↑

↑
↓
↓

Ikbkb
Fkbp4
Tcf7l2
Erbb2

1,2
2
2
3

0.3
0.3
0.2
0.1

↑
↑
↑
↑

↓
↓
↓
↓

Hspa1a
Hspa5
Hmga1
Rhoc
Cttn
Serpinb3
Efnb1
F2
Tff3
Foxa2
Gsk3b
*Abcb1a
*Slc2a1
*Apoe

2
1,2
2
2
2
2
2
1,2
2
2
1,2
1
2
2

0.2
0.1
0.4
0.3
0.1
0.1
0.4
0.3
0.3
0.4
0.4
0.2
0.2
0.1

↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑

↓
↓
↓
↓
↓
↓
↓
↓
↓
↓
↓
↓
↓
↓

Laptm4b
*Met
Nfkb1
Acsl4
Xbp1
Ngfb
Scd1
Tert
Terf1
Cdh17
Gpnmb
Cldn10
Plau
Spp1
*A2m
Ccr1
Mmp9
*Angpt1
Muc1
*Hpse
Mlc1
*Kdr
Ptgs2
Dusp1
Cdkn1c
Gadd45g
Hnf4a
Runx3
Igfbp3
*Socs3
*Socs1
Fgf2
Fhit
Ggt1
Bmp7
Elf1
Cd80
Gnmt
Acox1

2
1,2,3
2
2
1
2
1,2
1,2,3
1
2
2
2
2
2,3
2
2
1,2
2
2,3
2
2
2
1,2,3
2
2
2
2
1,2
1,2
2
1,2
1,2
1,2
2
2
2
2
2
2

2.3,0.5
2.3,0.4
2.3,0.4
2.1,0.4
4.3,0.3
3.7,0.5
3.5,0.3
5.3,0.3
2.2,0.4
26.1,0.2
9.2,0.3
6.5,0.3
3,0.4
2.7,0.5
46.2,0.4
27.9,0.4
9.5,0.5
9.2,0.2
6.8,0.2
6.3,0.3
4.3,0.4
2.4,0.4
2.1,0.1
6,0.4
2.8,0.1
8,0.4
4.5,0.1
4.3,0.5
2.7,0.4
2.5,0.1
2.4,0.5
2.1,0.5
7.8,0.1
3.4,0.2
3,0.4
3,0.4
3,0.3
2.5,0.4
2.3,0.5

↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↑
↓
↓
↓
↓
↓
↓
↓
↓
↓
↓
↓
↓
↓
↓
↓
↓

↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓
↑↓

Asterisks represent the reported genes associated with liver regeneration; LT: liver tumor; RRL: rat regenerating liver; 1: hepatocarcinogenesis; 2: hepatocellular
carcinoma; 3: cholangiocarcinoma. ↑ represents genes up-regulated, ↓ down-regulated, and ↑↓ up-regulated at some time points and down-regulated at others
during liver regeneration. Gene expression changes in liver tumors were obtained from scientific articles, and expression changes during liver regeneration were
the result of microarray detection.

(16.7 folds higher than control) at 6 h following PH
might explain why it played an important role in growth
of the regenerated hepatocytes. Dysregulated expression

of anti-apoptosis gene bcl-2 was present in LT as well
as at metaphase and anaphase of LR, and another antiapoptotic gene mcl1[32], whose change trend toward upwww.wjgnet.com
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Figure 2 Correlation analysis of 121 liver tumor-associated genes with liver regeneration. Twenty-nine subcategories were obtained by the analysis for detection data of
Rat Genome 230 2.0 array with Microsoft Excel. 1-6: 34 genes up-regulated in both liver tumor (LT) and rat regenerating liver (RRL); 7-10: 14 genes down-regulated in both
LT and RRL; 11-14: 14 genes down-regulated in LT but up-regulated in RRL; 15-20: 20 genes up-regulated in LT but down-regulated in RRL; 21-25: 23 up-regulated genes
in LT were up-regulated at some time points and down-regulated at others in RRL; 26-29: 16 down-regulated genes in LT were up-regulated at some time points and downregulated at others in RRL. X-axis represents recovery time after PH (h); Y-axis shows logarithm ratio of the signal values of genes at each time point to control.

regulation in LT was identical to that in LR; and downregulation of pro-apoptosis genes casp9 and dlc1 [33,34]
occurred in LT and the metaphase of LR, which supported
the idea that mcl1, casp9 and dlc1 might are related
with cell survival in the two events. The differentiationrelated genes id1 and ptprh[35,36] down-regulation in LT
and at forepart, metaphase and anaphase of LR suggested
that they failed to promote cell differentiation in both
events. Up-regulation of enhancement of hepatoma
cell migration-related genes itgav, itgb1, adam17, dlg7,
sele, mta1, wisp1 and lgals1[37-43] in LT and the entire LR,
especially a sustained high-level expression (12-fold higher
than control) of wisp1 at 48-60 h post-PH might imply
the active cell migration in both LT and LR. According
to up-regulated expression pattern in LT and almost the
whole LR, metallopeptidase inhibitor timp1 was supposed
to perform other biological functions except cell migration
in the two events. Mif inducing angiogenesis of LT[44],
cnn1 enhancing differentiation of vascular smooth muscle
cells[45] and apoptosis-inhibiting gene col18a1 encoding
endostatin[46] were up-regulated both in LT and in forepart
of LR, which was presumably that the three genes might
www.wjgnet.com

co-regulate angiogenesis in LT and LR.
Study demonstrated that six pro-proliferation genes
ikbkb, shc1, erbb2, fkbp4, wnt1, tcf7l2[47-51] up-regulated
in LT were down-regulated during LR, at the same time,
the down-regulated genes myc and spry2 possessing antiproliferation effect[52,53] in LT were up-regulated almost
during the whole LR; two growth-promoting genes
hspa5 and hspa1a[29,54] and four growth inhibitory genes
gadd45b, fgl1, spint2 and smad4[55-58] were respectively upregulated and down-regulated in LT, whose expression
correspondingly underwent opposite trend at metaphase
of LR comparing with LT, which was supposed to be
closely associated with the differences in proliferation
and growth between hepatoma cells and regenerating
hepatocytes. Particularly, the expression abundance of
gadd45b in human hepatocellular carcinoma was fifteenfold lower than control[55], just the contrary, its expression
reached climax (nearly 56-fold over the control) at 2 h in
rat LR, demonstrating there was a significant distinction
in gadd45b expression change between nor mal and
transfor ming liver cells. The down-regulated proapoptotic genes tp53, ifng and casp8 [59-61] and the up-
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regulated apoptosis-inhibitory gene serpinb3 [62] in LT
were respectively up-regulated and down-regulated at
metaphase and anaphase of LR might account for the
suppression of apoptosis in LT and enhancement of
apoptosis at metaphase and anaphase of LR. In addition,
casp8, inactivated caused by frame-shift mutation in
hepatocellular carcinoma[61], was up-regulated to its highest
levels (10.6 folds higher than control) at 48 h post-PH,
and expression of serpinb3 declined to the lowest point
(11.4 folds lower than control) at 48 h, signifying the
important regulatory effect of the two genes on liver mass.
Contribution of efnb1 and tff3 in neovasculargenesis
activity[63,64] and the crucial role for f2 in maintenance of
vascular integrity[65] were helpful for understanding the
hypothesis that the three up-regulated genes in LT downregulated at metaphase and anaphase of LR implied
the control of blood-vessel growth serving as one of
modulation pathways of regenerated liver mass. Three
hepatoma cell migration and invasion-associated genes
hmga1, cttn and rhoc up-regulated in LT[66,67] and downregulated in LR possibly showed the stronger migration
ability of hepatoma cells.
Four up-regulated in LT genes promoting hepatoma cell
proliferation including met, laptm4b, nfkb1 and acsl4[68,69],
revealed down-regulation at metaphase and up-regulation
at anaphase of LR, and another two inhibitory genes
dusp1 and cdkn1c[70] were up/down-regulated in LR, i.e.
the former was up-regulated at 0.5-12 and 24 h, and downregulated at 54-60 h, while the latter was down-regulated at
6-18 h and up-regulated at 30 and 42 h; Three up-regulated
scd1, xbp1 and ngfb genes involved in hepatoma cell
growth in LT[54,71,72] were up-regulated at forepart, prophase
and metaphase, and down-regulated at some time points in
the late phase of LR, while another six negative regulatory
genes including socs1, socs3, gadd45g, igfbp3, runx3 and
hnf4a[73-77] down-regulated in LT had a significant increase
in expression at some time points and significant decrease
at others during LR. The more complicated expression
of these genes during the proliferation and growth of
regenerating liver cells comparing with that of hepatoma
cells concluded from the above results was presumably
consistent with the further improved control mechanism
upon proliferation and growth of regenerating liver cells
than that of hepatoma cells. Telomerase activity of TERT
was interfered by terf1 expression product [78], and the
two were up-regulated in both LT and the metaphase of
LR, while down-regulated at anaphase, indicating that the
balance of quantity of the two gene products was essential
for maintaining telomere stability. The up-regulated genes
spp1, plau and gpnmb promoting hepatoma cell migration
and invasion[79,80] as well as the up-regulated intercellular
junction-involved cdh17 and cldn10 genes[47,81] were upregulated at forepart, prophase and some time points
after 16h, and down-regulated at other points after 16
h, possibly illustrating that the similar cell migration and
interactions in LT occurred at forepart and prophase of
LR, however the difference emerged when entering the
metaphase of LR. The dysregulated gene fgf2[82] promoting
hepatoma cell apoptosis in LT was up-regulated at 4 h
post-PH, consistent with the enhanced apoptotic action of
regenerating liver cell at the forepart of LR, demonstrating
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that it acted as a key gene involved in the regulation of
apoptosis.
In conclusion, at transcriptional level, while decrease
of apoptosis occurring in liver tumors, the process was
still going on in LR; as far as cell growth, proliferation,
differentiation, migration and angiogenesis are concerned,
not only resemblances but differences exist between LT
and LR. Especially, expressions of the genes, such as
ccna2, serpine1, wisp1, gadd45b, casp8 and serpinb3,
display marked changes in two events, so their actions
deserve the further study. Of course, the process of DNA
→mRNA→protein→function could be influenced by
many factors including gene mutation, protein interaction
etc. Therefore, the further analyses are required for
confirming the above results using techniques such as gene
addition, knock-out, RNAi, etc.
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Abstract
AIM: To establish models of portal vein occlusion of
hepatic VX2 tumor in rabbits and to evaluate the value of
multi-slice CT.
METHODS: Forty New Zealand rabbits were divided
into 4 groups according to digital table: Immediate
group (group A; transplantation of tumor immediately
after the portal vein occlusion), 3-wk group (group B;
transplantation of tumor at 3 wk after the portal vein
occlusion), negative control group (group C) and positive
control group (group D), 10 rabbits in each group.
Hepatic VX2 tumor was transplanted with abdominalembedding innoculation immediately after the portal vein
occlusion and at 3 wk after the portal vein occlusion.
Meanwhile, they were divided into negative control
group (Left external branch of portal vein was occluded
by sham-operation, and left exite was embedded
and inoculated pseudoly) and positive control group
(Transplanted tumor did not suffer from the portal vein
occlusion). All rabbits were scanned with multi-slice CT.
RESULTS: All 40 animals were employed in the final
analysis without death. Tumor did not grow in both
immediate group and 3-wk group. In 3-wk group, left
endite was atrophied and growth of tumor was inhibited.
The maximal diameter of tumor was significantly smaller
than that in positive control group (2.55 ± 0.46 vs
3.59 ± 0.37 cm, t = 5.57, P < 0.001). Incidences of
metastasis in the liver and lung were lower in 3-wk group
than those in positive control group (10% vs 40%, and
90% vs 100%, respectively). The expression intensities
of the vascular endothelium growth factor (VEGF) in
groups A, B, C and D were 0.10 ± 0.06, 0.66 ± 0.21, 0.28
± 0.09 and 1.48 ± 0.32, respectively. VEGF expression
level in the test group A was significantly lower than that
in the negative control group C (t = 5.07; P < 0.001).

In addition, VEGF expression in the test group B was
significantly lower than that in the positive control group
D (t = 6.38; P < 0.001). Scanning with multi-slice CT
showed that displaying rate of hepatic artery branches
was obviously lower in grade Ⅲ (40%) than that in
gradeⅠ(70%) and Ⅱ (100%) (P < 0.05); but there was
no significant difference in displaying rate of the portal
vein at various grades. Values of blood flow (BF) of the
liver, blood volume (BV), mean transit time (MTT) and
permeability of vascular surface (PS) were lower in the
immediate group and 3-wk group than those in control
groups, but values of hepatic arterial fraction (HAF) were
increased. Significant positive correlations were existed
between BF and BV (r = 0.905, P < 0.01), and between
BF and PS (r = 0.967, P < 0.01), between BV and PS
(r = 0.889, P < 0.01). A significant negative correlation
existed between PV and HAF (r = -0.768, P < 0.01),
between PS and HAF (r = -0.557, P < 0.01). The values
of BF, BV and PS had a positive correlation with VEGF (r BF
= 0.842, r BV = 0.579, r PS = 0.811, P < 0.01) . However,
there was no significant correlation between the values
of MTT and HAF and the VEGF expression (r MTT = 0.066,
r HAF = -0.027).
CONCLUSION: Ligating the left external branch of
portal vein is an ideal way to establish models of portal
vein occlusion in rabbits with hepatic VX2 tumor. Multislice CT plays a key role in evaluating effect of portal
vein occlusion.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Clinical researches have found that portal vein occlusion is
beneficial to inhibit growth of hepatocarcinoma, promote
compensatory hyperplasia of un-blocking hepatic tissue
and decrease metastasis of portal vein occlusion. However,
it should be further proved by animal experiments[1,2]. This
www.wjgnet.com
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study was designed to investigate the models of portal vein
occlusion of hepatic VX2 tumor in rabbits and to evaluate
value of multi-slice CT.
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MATERIALS AND METHODS
Materials
The experiment was carried out in Department of
Radiology of Xinqiao Hospital of the Third Military
Medical University of Chinese PLA from July 2004 to
July 2006. Forty New Zealand rabbits of both genders,
weighing 2.0-3.0 kg, were provided by Experimental
Animal Center of the Third Military Medical University
of Chinese PLA [Certification: SYXK (army) 2004-031].
All animals were divided according to digital table into 4
groups: Immediate group (group A; transplantation of
tumor immediately after the portal vein occlusion), 3-wk
group (group B; transplantation of tumor at 3 wk after
the portal vein occlusion), negative control group (group
C) and positive control group (group D), each group
consisting of 10 animals.
Methods
Establishment of experimental models: VX2 cancer
was inoculated into the muscles in the inguinal region.
Three or 4 wk later, the rabbits with VX2 epidermoid
carcinoma developed in the legs were anesthetized with
30 mg/kg soluble pentobarbitone. Then, under sterile
condition, tumor was stripped to obtain hoary fish-meatlike tissue near to envelope. The sample tissues were put
into sterile saline to remove necrosis tissue and fiber tissue
and cut into pieces of 1.0-2.0 mm3 with eye scissors.
Experimental methods: Rabbits were divided into four
groups as follows: (1) Immediate group (group A): After
anesthesia, all limbs of rabbits were fixed on domestic
operative table at supine position. Under all aseptic
precautions, a 2-cm midline incision in the epigastric
region was given, and the liver was exposed by opening
the abdomen in layers. Left exite of the liver was exposed
and origin of the left external branch of the portal vein
was bluntly separated; and then, the proximal and distal
tips were ligated and blocked. Color of the left liver
was observed; when color of the left external liver was
darkened, the left external branch of the portal vein was
blocked completely (Figure 1A and B). Hepatic VX2 tumor
was transplanted with abdominal-embedding innoculation.
Eye forceps were used to cut hepatic tissue near the thick
part of left exite. A tumor mass was transplanted into a
flask-like incision with 3-5-mm mouth and 5-8-mm fundus,
gelatin sponge was used for hemostasis, and aperture was
purse-string sutured. Then the exposed liver was returned
to the abdominal cavity and abdomen was closed in layers.
Multi-slice CT was done 3 wk later. (2) 3-wk group (group
B): Hepatic VX2 tumor was transplanted with abdominalembedding innoculation as aforementioned. Three weeks
later, the left external branch of portal vein of successfully
transplanted samples was blocked completely with the
same method mentioned above. Multi-slice CT was done
2 wk later. (3) Negative control group (group C): Left
external branch of portal vein was done sham-operative
block, and left exite was embedded and inoculated
www.wjgnet.com
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Figure 1 A: The left exite and left endite branch of portal vein were separated
naturally in the immediate group; B: Eye forceps was used to cut hepatic tissue
near the thick part of left exite after the ligature of left exite branch of portal vein.

pseudoly. (4) Positive control group (group D): Left
external branch of portal vein underwent sham-operation
block and other processes were the same as in the 3-wk
group.
Multi-slice CT examination: Rabbits were fasted for
12 h and detained needle (24 GA × 0.75 IN) was inserted
into ear-border vein before scanning. GE lightspeed 16
CT scanning apparatus and MEDRAO Vistron CTTM
hypertensive injection syringe were used for examination.
After anesthesia, rabbits were fixed on board at supine
position and pricked their abdominal bandage to reduce
movement artifact. Plain scan of multi-slice CT was
performed using the parameters as follows: 80 kV tube
voltage, 80 kV tube current, 512 × 512 matrix, and
2.5-mm section thickness. For vascular imaging of multislice CT, 4-6 mL of Ioversol, a contrast medium [Optiray,
Mallinckrodt Medicine Co. Ltd., USA, 320 g(I)/L],
was administered with hypertensive injection syringe at
2.0 mL/s; meanwhile, samples were scanned from head
to foot and from diaphragm to 2 cm below the liver.
Scanning parameters included thickness of selective by
2.5 mm, thickness of rebuilding by 1.25 mm, rebuilding
interval 0.65 mm, successively scanning with 16-row
detector, bed shift 27.5 mm with one convolution of stock,
ratio of snail space 1.325:1, non-tilt scan, tube voltage 80
kV, tube current 130 kV, matrix 512 × 512 and scanning
sight 12-16 cm. Arterial phase scanning started 7 s after
injection of contrast medium; 13 s during portal venous
phase; 50 s during delayed phase. Plain scan of multi-slice
CT perfusion: Four close layers of tumor were regarded
as the perfused layers; 1 mg/kg anectine chloride was
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pushed with detained needle; and Toggling-table technique
of multi-slice CT was used to scan the four layers during
respiratory depression; 4 mL of contrast medium was
injected with injection syringe at 2.0 mL/s and scanning
started 1 s after the injection. Figures were collected
as film pattern for 50 s. Scanning parameters were as
follows: Thickness of selective by 2.5 mm/4i, thickness
of rebuilding by 5 mm, successively scanning with 16-row
detector, bed shift 27.5 mm with one convolution of stock,
ratio of snail space 1.325:1, non-tilt scan, tube voltage
80 kV, tube current 130 kV, matrix 512 × 512 and scanning
sight 12-16 cm.
Post-processing after multi-slice CT: Three scanning
figures were transmitted to AW4.2 workstation by local
network. Figures during periods of the hepatic artery
and portal vein scanning were selected from each rabbit
for recovery of volume, projection of maximal density
and multi-planar reformation. On the basis of target
vessels, volume rendering was convoluted and cut at 360°
through regulating width of window, position of window,
brightness and diaphaneity. Projection of maximal density
was obtained on the basis of volume rendering. According
to course of vessels, all sections were rebuilt planarly but
coronal site was mainly reconstructed. Statistics of branch
of the hepatic artery showed that the proper hepatic artery
was regarded as branchⅠ, left and right hepatic arteries
as branch Ⅱ, and other hepatic arteries as ≥ branch Ⅲ.
Similarly, trunk of portal vein was regarded as branchⅠ,
left and right portal veins as branch Ⅱ, and other portal
veins as ≥ branch Ⅲ. Volume rendering, projection
of maximal density and multi-planar reformation were
combined with each other during multi-slice CT scanning,
and samples with the best quality and the most branches
were included. Data were dealt with perfusion 3.0 software
package with deconvolution method, and blood flow (BF)
of the liver, blood volume (BV), mean transit time (MTT),
permeability of capillary vessel surface (PS) and fraction
of hepatic arterial fraction (HAF) were calculated to obtain
perfusing figures of each parameter.
Seldinger’s technique was adopted to puncture the
femoral artery and superior mesenteric vein of the
alive rabbits after MSCT perfusion scan, and 3F microcatheter was used to catheterize rabbit’s hepatic artery to
perform hepatic arteriography. Direct portography was
performed via the superior mesenteric vein at the time and
after hepatic arteriography. In all rabbits, hepatic artery
and portal vein perfusions were performed by injecting
a contrast medium suspension containing barium sulfate
and saline (1:3). The displaying rates of theⅠ, Ⅱ and ≥
Ⅲ branches of the hepatic artery and the portal vein with
multi-slice CT angiography (MSCTA), digital subtraction
angiography (DSA) and vascular perfusion techniques
were calculated, respectively，especially the ligature of the
branch of portal vein.
The body weight, metastasis and maximum diameter
of the implanted tumor were observed and measured at
autopsy of the all rabbits. To match with the lesion seen
on the MSCT perfusion imaging, the partial tumors were
taken out for pathological examination. All specimens
were stained with hematoxylin and eosin (HE), and
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Figure 2 Tumor did not grow in the immediate group after 3 wk. Volume of left
exite was decreased, nature quality was hard and color was deep.

VEGF expression in the tumors was examined using
immunohistochemistry. The correlation between the
parameters of MSCT perfusion and the staining intensity
of VEGF was analyzed using a computer-assisted image
analyzer.

RESULTS
Pathological results of the experimental animals
All 40 animals were utilized in the final analysis without any
loss. Animals in the immediate group and negative control
group had normal behaviors before death, including
appearance, activity, diet, body mass and hair. Tumor did
not grow in the immediate group after 3 wk. The left exite
showed a decreased size with hard consistency (Figure 2).
In addition, left exite was adherent to left endite or
stomach wall; however, volumes of other hepatic lobes
were bigger in group A than that in negative control group.
In 3-wk group, left endite was atrophied and growth of
tumor was inhibited; and the maximal diameter of tumor
was smaller than that in positive control group.
Tumor grew successfully with a rate of 100% (20/20)
both in 3-wk group and positive control group after
inoculation of hepatic VX2 tumor. Except 4 animals in
3-wk group and 10 in positive control group, who were
found to have indifferent mood, bradykinesia, reductive
diet, decreased body mass and disheveled hair before death,
other 6 in 3-wk group showed normal behaviors. In 3-wk
group, tumors were hoar, and 8 animals had necrosis of
tumor tissue (Figure 3). In positive control group, tumors
were hoar, hard with expansive growth, and 4 rabbits
had necrosis of tumor tissue. Numerous tumor-induced
vessels were observed and envelope was not obvious.
Examination of corpses showed that volume of left endite
was decreased, hepatic tissue was shrunk and growth of
tumor was inhibited obviously in 3-wk group, and maximal
diameter of tumor was markedly smaller than that in
positive control group (t = 5.57, P < 0.001). Incidences of
metastasis in the liver and lung were insignificantly lower in
3-wk group than those in positive control group (Table 1).
Metastasis in the mesentery and omentum appeared as
swollen lymph node; metastasis in the diaphragm muscles
appeared as widespread nod-like guava seed, especially in
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Table 1 Results of examination of corpses in 3-wk group and
positive control group (n = 10)
Group
3-wk
Positive
control

Maximal
diameter (cm)

Metastasis in
liver (n /%)

Metastasis in
lung (n /%)

Close
metastasis (n )

2.55 ± 0.46b
3.59 ± 0.37

1/10b
10/10

4/10a
9/10

7
9

a

P < 0.05, bP < 0.001, vs positive control group.

Figure 3 Necrosis of tumor tissue with liquefaction was shown in group B after
2 wk.

A

Figure 5 The liver tissue of the left external lobe underwent coagulation necrosis,
and was stained homogenously red with hematoxylin-eosin stain in group A (HE, × 100).

B

Figure 4 A: Tumor of positive control group was hoar, hard and expansively
grown; B: The metastasis of mesentery was shown as swollen lymph node in the
same rabbit of Figure 4A.

the left diaphragm; metastasis in the bilateral lungs appeared
as widespread hoar granulations (Figure 4A and B).
Uprightness hydroperitonia of chest was observed in 5
animals of 3-wk group and 9 of positive control group.
On microscopic examination 3 wk after the portal
branch ligation, no tumor was found to grow in any
rabbits of group A. The left external lobe shrank, became
harder, appeared darker in color, and sealed by adhesions
to the left internal lobe or to the stomach. In contrast, the
other liver lobes of rabbits in group A were increased in
size as compared with those in group C. The liver tissue
of the left external lobe underwent coagulation necrosis,
and was stained homogenously red using hematoxylin-

www.wjgnet.com

Figure 6 The histologic appearance of the necrosis of tumor tissue included
marked proliferation of collagen fibers in group B (HE, × 100).

eosin staining (Figure 5). The histologic appearance of
these lesions of group B included marked proliferation
of collagen fibers, among which only scattered tumor
cells were noted in 6 cases. The tumors were completely
necrotic, and no viable tumor cell was seen under
microscope in 2 out of 10 rabbits of group B (Figure 6).
The remaining 2 rabbits had more survival tumors with
many small necrosis foci. The expression intensities of
the VEGF in groups A, B, C and D were 0.10 ± 0.06, 0.66
± 0.21, 0.28 ± 0.09 and 1.48 ± 0.32, respectively (Figures
7 and 8). VEGF expression level in the test group A was
significantly lower than that in the negative control group
C (t = 5.07; P < 0.001). Moreover, VEGF expression level
in the test group B was significantly lower than that in the
positive control group D (t = 6.38; P <0.001) (Table 2).

Qi YY� et al. Portal vein occlusion of hepatic VX2 tumor in rabbits

Figure 7 The average optical density (AOD) of VEGF in group A was 0.09 ± 0.08
(SP, × 100).
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Figure 9 The volume rendering image of MSCTA shows of the normal portal vein.

Table 4 Comparisons of vascular-imaging displaying rate of
MSCTA, DSA and vascular perfusion of hepatic artery [%(n /n )]
Grade
GradeⅠ
GradeⅡ
≥ GradeⅢ

MSCTA
(n = 40)

DSA
(n = 17)

Vascular perfusion
(n = 33)

100 (40/40)
70 (28/40)
40 (16/40)

100 (17/17)
100 (17/17)
88.24 (15/17)

97.0 (32/33)
90.9 (30/33)
75.77 (25/33)

Table 5 Comparisons of vascular-imaging displaying rate of
MSCTA, DSA and vascular perfusion of portal vein [%(n /n )]
Figure 8 The AOD of the VEGF in group B was 0.72 ± 0.28 (SP, × 100).

Table 2 The expression intensity of VEGF in groups A, B, C
and D (n = 10)
Group
Group A
Group C
Group B
Group D

VEGF

t

P

0.10 ± 0.06
0.28 ± 0.09
0.66 ± 0.21
1.48 ± 0.32

5.07

0.00

6.38

0.00

Table 3 The success rate of MSCTA, DSA and vascular
perfusion of the hepatic artery and portal vein (n /%)
MSCTA
Hepatic artery
Portal vein
1

100% (40/40)
100% (40/40)

DSA

Vascular perfusion
1

85% (17/20)
95% (19/20)

97.3% (36/37)
97.4% (38/39)

The success rate of MSCTA and DSA of hepatic artery, P < 0.05.

Results of the hepatic vascular branch with MSCTA, DSA
and vascular perfusion
The success rates of MSCTA, DSA and vascular perfusion
of the hepatic artery and portal vein are shown in Table
3 and Figure 9. The success rate of hepatic arterial
examination by DSA was significantly lower than that
by MSCTA (85% vs 100%, P < 0.05), but there was no
significant difference in the other examinations of the

Grade
GradeⅠ
GradeⅡ
≥ GradeⅢ

MSCTA
(n = 40)

DSA
(n = 19)

Vascular perfusion
(n = 38)

100 (40/40)
100 (40/40)
100 (40/40)

100 (19/19)
94.7 (18/19)
89.5 (17/19)

100 (38/38)
100 (38/38)
100 (38/38)

hepatic artery and portal vein. As shown in Table 4, the
total displaying rate of the branch ≥ Ⅲ of the hepatic
artery by MSCTA (40%) was significantly lower than that
ofⅠand Ⅱ branches of the hepatic artery (100% and
70%, respectively) (P < 0.05), and was significantly lower
than that by DSA and the vascular perfusion (88.24% and
75.77%，respectively) (P < 0.01). However, there was no
obvious difference in the displaying rate of the portal vein
among examinations by MSCTA, DSA and the vascular
perfusion (Table 5). Scanning with multi-slice CT showed
that the displaying rate of the hepatic artery branches
was markedly lower in grade Ⅲ than that in gradeⅠand
Ⅱ (P < 0.05); but there was no significant difference in
displaying rates of the portal vein among various grades.
The imaging shows distortion and tenuity of the hepatic
artery. The results proved that vessels were not formed
at collateral portal vein (Figure 10A-D). Branches of the
portal vein of normal rabbits were widely distributed and
the border was clear.
MSCT perfusion in the experimental animals
The time-density curve (TDC) of the abdominal aorta and
portal vein showed rapid rise and drop, fast rise and drop,
respectively. The TDCs of liver parenchyma in negative
control group C showed slow up and down, while there
www.wjgnet.com

3338

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

A

B

C

D

Tumor-b

A

June 28, 2007

Volume 13

  Number 24

Figure 10 A: The multiplanar reformation
image shows the ligature of the left
external branch of portal vein; B: The
DSA of the portal vein shows the ligature
of the left external branch of portal vein;
C: The vascular perfusion of both hepatic
artery and portal vein shows the blood
supply of the left external tumor from left
hepatic artery; D: DSA of hepatic artery
shows the blood supply of the left external
tumor from left hepatic artery.

B

C
Tumor-b

Tumor-c

Tumor-c

Normal
Normal

Vein

Artery

Artery

Vein

Figure 11 A: MSCT scanning shows that hepatic tissue and tumor wall of left exite were shrunk in group of portal vein occlusion at 3 wk after tumor transplantation; B: The
TDC of hepatic tumor of the left external lobe in the same rabbit of Figure 4A; C: The blood flow image in the same rabbit of Figure 11A.

Table 6 Comparison of parameters of multi-slice CT (mean ± SD, n = 10)
CT-perfused parameter
Blood flow in per 100 g hepatic tissue (mL/min)
Blood volume in per 100 g hepatic tissue (mL)
Mean transit time (s)
Permeability of vascular surface in per 100 g hepatic tissue (mL/min)
Hepatic arterial infusion
b

Group A
1.40 ± 0.70
0.33 ± 0.17
4.33 ± 1.41
0.15 ± 0.18
0.99 ± 0.03

Group B
48.76 ± 7.31
3.33 ± 0.53
14.7 ± 1.66
11.71 ± 2.33
0.99 ± 0.02

Group C

Group D
b

133.21 ± 14.42
28.77 ± 3.32b
11.67 ± 0.58b
22.10 ± 4.39b
0.25 ± 0.06b

296.53 ± 39.62d
30.64 ± 3.32d
6.79 ± 0.85d
36.16 ± 5.91d
0.63 ± 0.01d

P < 0.01 vs immediate group; dP < 0.01 vs 3-wk group.

was a slight enhancement of liver parenchyma of the left
external lobe in the test group A, which was washed out
quickly. In the positive control group D, the hepatic tumor
enhanced intensely and washed out quickly, while the
TDCs of the hepatic tumor in the test group B showed
rapid rise and drop. Comparison of parameters of multiwww.wjgnet.com

slice CT is shown in Table 6. In the immediate group
and 3-wk group, values of blood flow of the liver, blood
volume, mean transit time and permeability of vascular
surface were decreased but values of HAF were increased
than those in the control groups (Figures 11 and 12).
Significant correlations between various MSCT per-
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Tumor-b
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Table 7 Coefficient correlation of MSCT perfusion parameters
and VEGF (r )

Tumor-c

Parameters
BF
BV
MTT
PS
HAF

Normal

b

Artery

BV

MTT

PS

HAF

VEGF

0.905b

-0.132
-0.057

0.967b
0.889b
0.044

-0.494
-0.768b
-0.157
-0.557b

0.842b
0.579b
-0.066
0.811b
-0.027

P < 0.01.

Vein
Tumor-b
Tumor-c

Normal

Artery

Vein

Figure 12 A: MSCT scanning shows the hepatic VX2 tumor of the left external
lobe in a rabbit of positive control group; B: HAF image in the same rabbit of
Figure 12A.

fusion parameters were observed in this study (Table 7).
A significant positive correlation existed between BF and
BV (r = 0.905, P < 0.01), between BF and PS (r = 0.967,
P < 0.01), and between BV and PS (r = 0.889, P < 0.01).
A significant negative correlation existed between PV and
HAF (r = -0.768, P < 0.01), and between PS and HAF
(r = -0.557, P < 0.01). The values of BF, BV and PS had a
positive correlation with VEGF (rBF = 0.842, rBV = 0.579,
rPS = 0.811, P < 0.01). However, no significant correlation
of MTT and HAF with VEGF was observed (rMTT = 0.066,
rHAF = -0.027).

DISCUSSION
If trunk of the portal vein of rats or dogs was ligated
once, animals would die within several hours due to
congestion or hemor rhage. However, Gaub et al [3]
suggested that 90% portal vein was ligated, 14% animals
died, and other rats could survive by compensation of
the rest 10% hepatic tissue. During our pre-experiment,
posterior branches of the portal vein of two rabbits were
maintained, and they died within 24 h. When left branches
were ligated, behaviors such as mood, activity and diet of
the experimental rabbits were poorer than those of shamoperation rabbits in the first 4 d after operation, and the
symptoms recovered within the next 5 d. However, after
ligation of left exite, the behaviors were not changed
remarkably. In this study, we found that the portal vein
consisted of thick superior mesenteric vein, inferior
mesenteric vein and thin splenic vein. About 1.0-2.0 cm
away from the right posterior branch, a thin caudate lobe

was branched. Right anterior branch and left internal
branch of the portal vein were circled by hepatic tissue;
therefore, it was not an ideal site for ligation. However, left
exite and left endite were separated naturally. Partial left
exites were located below the xiphoid process and easy to
inoculate.
In this study, left external branch of the portal vein of
24 rabbits was not circled by hepatic tissue, and that of
remaining 16 rabbits was circled by a little hepatic tissue
but it was easy to separate. Twenty rabbits underwent
portal vein ligation, but no one died during the operation.
So we thought that ligation of left external branch might
be an ideal model to study on portal vein occlusion. Some
researches showed that complete proximal occlusion by
ligation of right branch of the portal vein was similar to
distal occlusion by a mixture of lipiodol and ethanol to
cause liver lobes atrophy, thereby suggesting that ligation
of branch of the portal vein could simulate portal vein
occlusion well, completely block the liver lobes dominated
by target branches and avoid the experimental effects
caused by hematological diffusion of contiguous portal
vein. Ligation of left external branch was beneficial to
investigate the effect of portal vein occlusion on blood
supply of hepatic VX2 tumor. In our study, the portal
vein occlusion at the time of tumor implantation could
completely inhibit the growth of hepatic VX2 tumor in
rabbits. Moreover, the portal vein occlusion after 3 wk of
the tumor implantation could effectively inhibit the growth
of hepatic VX2 tumor in rabbits.
Vascular-imaging displaying rate of multi-slice CT
mainly included volume rendering (VR), maximum
intensity projection (MIP) and multiplanar reformation
(MPR) [4-7] . VR used nearly complete data to remain
primitive relationship of spatial dissection; otherwise,
quality of image was good, third dimension was strong,
and artifact was few. However, vessels which needed to
reconstruct were different from density of peripheral
tissue. MIP was imaged with the maximal density of data,
and the applied rate was less than 10%. Reconstructed
time was short, and it could reflect difference of density,
distinguish calcification and reinforcement of vessels;
however, third dimension was poor and spatial relationship
was not satisfied. MPR was processed with planar
technique of spontaneous coronal and arrowed sections;
horizontal axial surface could show complex anatomic
structure. However, it did not have third dimension;
therefore, it should be combined with VR and MIP to
observe course of target vessels. The combinations of VR,
www.wjgnet.com
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MIP and MPR could well show branches and course of
the hepatic artery and portal vein, direct reflect details of
spatial dissection, and surely evaluate blocking effect of
the portal vein.
TDCs can directly reflect the characteristics of blood
flow of hepatic VX2 tumor after the portal vein occlusion
in rabbits. The BF, BV and PS of the MSCT perfusion
parameters are well correlated with the expression intensity
of the VEGF[8,9]. MSCT perfusion imaging may reflect the
features of blood perfusion to evaluate the hemodynamic
change in hepatic VX2 tumor after the portal vein
occlusion in rabbits. Re-perfused CT scanning could
directly reflect blood supply of local tissue and changes
of hemodynamics through blood flow of liver, blood
volume, mean transit time, permeability of vascular surface
and fraction of HAF[10-22]. Total re-perfused volume was
the blood flow in local region within unit time and was
derived from initial value of impulse residue function.
Blood flow was expressed as IRF which was represented
as summarization of the hepatic artery and portal vein.
Results in this study suggested that blood flow was the
highest in positive control group, which was related to
thicker tumor vessels or more accepted contrast medium.
However, the decreasing values in other three groups
caused blocked blood stream of the portal vein.
Mean transit time is the time of blood stream from
artery to vein and calculated by immediate rejection of
sham contrast medium and the first moment of IRF.
The first moment of curve was expressed as y = f (t)
which was determined as average value of t. Each t
value was added according to f (t) to consist of total
value of t × f (t), and then, divided total value of f
(t), which was represented as IRF. The calculation was
complex; therefore, it was not analyzed in details. Mean
transit time of portal vein occlusion was shorter in the
immediate group than that in negative control group. The
reasons were that hepatic tissue of left exite was shrunk,
necrotized and fibrosed after ligation and produced a few
interstitial microvessels so as to inhibit slow circulation
of hepatic sinuses of normal hepatic tissue from artery
to vein and accelerate blood stream through interstitial
microvessels[23]. Otherwise, mean transit time of the portal
vein occlusion was longer in the 3-wk group than that in
the positive control group. Circulation in hepatic tumor
under normal condition was from the hepatic artery,
sham sinusoid, portal vein, hepatic vein (or artery to short
circulation of portal vein) to inferior vena cava[24-26]. When
branches of the portal vein were ligated, contrast medium
was deposited in tumor; therefore, mean transit time would
be prolonged, especially showing a significant difference
between the hepatic artery and short circulation of portal
vein in positive control group.
Blood volume meant distribution of contrast medium
in unit hepatic tissue. It was mainly affected by vascular
bed of tumor and status of internal blood. In this study,
blood volume was the highest in the positive control
group due to more vascular beds and slow blood stream
in vascular pool or vascular lake which could accept more
contrast medium. However, blood volume was lower in the
immediate group and 3-wk group than that in the control
groups due to the inhibition of contrast medium in the
www.wjgnet.com
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portal vein.
Permeability of vascular surface pointed to oneway transmission rate of contrast medium from blood
capillary to intercellular space. The effective factors were
permeability of local microvascular wall and pressure
difference of lumen of microvessels. In this study,
permeability of vascular surface was the highest in the
positive control group due to dysplasia of vascular
endothelium, uncompleted basement membrane and
increased vascular permeability. There was large amount of
blood supply in tumoral artery and the pressure in it was
higher; however, due to portal vein occlusion, plenty of
fiber tissue was produced in hepatic tissue or tumor so as
to cause decrease of pressure difference in the immediate
group and 3-wk group. In addition, atrophy of hepatic
tissue and inhibition of tumor growth could also decrease
blood flow in the liver; therefore, dosage of contrast
medium was decreased in intercellular space per unit time.
HAF pointed to percentage of blood volume supplied
by the hepatic artery and ranged from 0 to 1. In this study,
HAF nearly reached 1 in the immediate group and 3-wk
group after ligation, and this was related to blood volume
supplied by other arteries except the hepatic artery.
In conclusion, ligating left external branch of the
portal vein is an ideal way to establish models of portal
vein occlusion in rabbits with hepatic VX2 tumor.
Furthermore, multi-slice CT plays a key role in evaluating
effect of portal vein occlusion.
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Abstract
A I M : To s t u d y t h e c a p a c i t y o f b o n e m a r r o w
mesenchymal stem cells (BM-MSCs) trans-differentiating
into islet-like cells and to observe the effect of portal
vein transplantation of islet-like cells in the treatment of
streptozotocin-induced diabetic rat.
METHODS: BM-MSCs were isolated from SD rats and
induced to differentiate into islet-like cells under defined
conditions. Differentiation was evaluated with electron
microscopy, RT-PCR, immunofluorescence and flow
cytometry. Insulin release after glucose challenge was
tested with ELISA. Then allogeneic islet-like cells were
transplanted into diabetic rats via portal vein. Blood
glucose levels were monitored and islet hormones were
detected in the liver and pancreas of the recipient by
immunohistochemistry.
RESULTS: BM-MSCs were spheroid adherent monolayers
with high CD90, CD29 and very low CD45 expression.
Typical islet-like cells clusters were formed after
induction. Electron microscopy revealed that secretory
granules were densely packed within the cytoplasm of
the differentiated cells. The spheroid cells expressed islet
related genes and hormones. The insulin-positive cells
accounted for 19.8% and mean fluorescence intensity
increased by 2.6 fold after induction. The cells secreted a
small amount of insulin that was increased 1.5 fold after
glucose challenge. After transplantation, islet-like cells
could locate in the liver expressing islet hormones and
lower the glucose levels of diabetic rats during d 6 to
d 20.
www.wjgnet.com

CONCLUSION: Rat BM-MSCs could be transdifferentiated into islet-like cells in vitro . Portal vein
transplantation of islet-like cells could alleviate the
hyperglycemia of diabetic rats.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Islet transplantation has recently been shown to be an
efficient therapy for type 1 diabetic patients. However,
immune rejection, recurrent autoimmune attack against
transplanted islets and the lack of donor islets restrict
its application in clinical practice[1]. Alternatively, much
effort has been made to use the renewable source of stem
cells[2-5]. The development of a simple, reliable procedure
to obtain autologous stem cells capable of differentiating
into functional insulin-producing cells for transplantation
would alleviate the major limitations of islet availability
and allogeneic rejection. Recent studies have shown that
embryonic stem cells, hepatic oval cells and pancreatic
stem cells could be differentiated into pancreatic isletlike cells in vitro and in vivo[6-8]. However, these sources are
still not enough to provide abundant autologous stem
cells. In contrast, bone marrow (BM) has been known
to be a safe and abundant source for large quantities of
adult stem cells. Some data have revealed that stem cells
derived from BM are capable of being reprogrammed to
become functional insulin-producing cells and normalize
hyperglycemia in streptozotocin-induced diabetic mice and
rats by renal subcapsular transplantation[9-11]. The current
article reports a potential procedure to generate islet-like
cells from BM mesenchymal stem cells (BM-MSCs) by high
glucose, nicotinamide and exendin-4. After transplantation

Wu XH� et al. BM-MSCs derived islet-like cells reverse the hyperglycemia of diabetic rats

via portal vein, allogeneic islet-like cells could locate in the
recipient’s liver, expressing islet hormones and alleviate the
hyperglycemia of diabetic rats.

MATERIALS AND METHODS
Isolation and cultivation of BM-MSCs
Sprague-Dawley (SD) rats of closed colony were
purchased from Animal Center, Nanjing Medical
University. All the procedure was accordant with animal
experiment guidelines of the university. BM was obtained
from the femurs and tibias of 10 male SD rats (200-250 g)
under aseptic condition, separated by Ficoll density
gradients centrifugation and dispersed into a single cell
suspension. BM cells (1 × 106 cells/ml) were cultured in
75 cm2 flask with low glucose (5.6 mmol/L) Dulbecco’s
modified eagle’s medium (LG-DMEM, Gibco, USA)
containing 10% fetal bovine serum (FBS, Hyclone, USA),
HEPES (20 mmol/L), L-glutamine (2 mmol/L), penicillin
(100 m/ml) and streptomycin (100 mg/ml) at 37℃ in a
humidified atmosphere of 95% air and 5% carbon dioxide.
Suspended cells were disposed 24 h later and adherent cells
were cultured in 10% FBS LG-DMEM which was changed
every 3 d. BM-MSCs gaining 80%-90% confluence were
passaged by digestion with 0.25% trypsin and 0.02%
EDTA. Following two to three passages, the cells became
morphologically homogeneous.
Flow cytometric analysis
After the third passage, BM-MSCs were released by
trypsinization. The cells were incubated with anti-rat
phycoerythrin (PE)-labeled CD45 antibody (1:20) and
fluorescein isothiocyanate (FITC)-labeled CD90 antibody
(1:20) (Caltag, USA) or FITC-labeled CD29 antibody (1:20)
(Biolegend, USA) for 20 min, then resuspended in 1%
paraformaldehyde/PBS and acquired onto FACSCalibur
(BD, USA), the positive rates were assessed by Cellqust
software. Isotypematched rat immunoglobulins served as
controls for autofluorescence.
In vitro differentiation cultures
At the third passage, BM-MSCs with 80% confluence were
induced to differentiate into pancreatic islet cells. Cells
were induced with 5% FBS HG-DMEM (25 mmol/L
glucose) for 14 d, and added 10 mmol/L nicotinamide
(Sigma, USA) for 7 d, and then 10 nmol/L exendin-4
(Sigma) for 7 d.
Converted Microscopy and Electron Microscopy
During differentiation, morphological changes of BMMSCs were investigated under a converted microscope.
BM-MSCs and differentiated cells (D-MSCs) were fixed
in 5% glutaraldehyde for 2 h at 4℃, washed in PBS,
transferred to 1% osmic acid for 2 h at 4℃, washed in
PBS, then dehydrated in acetonic acid and embedded.
Ultra thin sections were counterstained using uranyl acetate
and lead citrate, then viewed by electron microscope
(JEM-1010, Japan).
Detection of Islet related gene expressions by RT-PCR
Total RNA from pre-induced BM-MSCs, D-MSCs and
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normal rat pancreas tissue was isolated using TRIzol
reagent (Gibco) and pretreated with DNase to remove
genomic DNA contamination. Transcriptional gene
expressions related to pancreatic endocrine development
and function were determined by RT-PCR kit (Promega,
USA). GAPDH was used as an internal control. PCR
cycles were as follows: initial denaturation at 95℃ for
5 min, followed by 30 cycles of 95℃ for 30 s, annealing
temperature (Tab 1) for 30 s, 72℃ for 30 s, and final
extension at 72℃ for 10 min. PCR products were
separated by electrophoresis in 1.0% agarose gels and
photographed by Kodak digital camera. The name and
sequences of the primers, the sizes of PCR products, and
annealing temperature for each pair are listed in Table 1.
The primers were synthesized by Shanghai BIOASIA
Biologic Technology CO. LTD.
Observation of Islet hormones expressions by
Immunofluorescence
Pre-induced BM-MSCs, D-MSCs and RIN-m5F cells were
grown in plastic six-well plates on slide coverslips (22 ×
22 mm2). Cells were fixed in methanol for 15 min, washed
with PBS, incubated with 0.01% Triton-100 and first
antibody for 20 min, washed with PBS, and cultured with
secondary antibody for 20 min, washed with PBS. Insulin,
C-peptide, glucagons (Gcg), somatostatin (SS) and islet
amyloid polypeptide (IAPP) expressions were observed
under laser confocal microscope (LSM510, Carl Zeiss,
Germany). First antibody: guinea pig anti-insulin (1:50)
(Zymed, USA), rabbit anti-Gcg (1:50) (Zymed), rabbit
anti-SS (1:50) (Zymed), rabbit anti-IAPP (1:50) (Zymed),
goat anti-rat C-peptide (1:50) (Linco Research Inc., USA);
Secondary antibody: anti-Guinea pig IgG (1:20) FITC
conjugated (KPL,USA), anti-rabbit IgG (1:20) FITC/Cy5
conjugated (KPL), anti-goat IgG (1:20) FITC conjugated
(KPL).
Analysis of Insulin expression by Flow cytometry
Pre-induced BM-MSCs and D-MSCs (n = 10) were fixed
in methanol for 15 min, washed with PBS, incubated with
0.01% Triton-100 and Guinea pig anti-Insulin (1:50) for 20
min, washed with PBS, and cultured with anti-Guinea pig
IgG FITC conjugated (1:20) for 20 min, washed with PBS,
then resuspended in 1% paraformaldehyde/PBS solution
and acquired onto FACSCalibur. The insulin expression
and mean immunofluorescence intensity were assessed by
Cellqust software. Isotypematched rat immunoglobulins
served as controls for autofluorescence.
Measurement of Insulin secretion by ELISA
Pre-induced BM-MSCs and D-MSCs (10 6/mL, n = 5)
were switched to serum-free LG-DMEM containing 0.5%
BSA for 12 h, washed twice with PBS, then stimulated by
HG-DMEM for 2 h. The culture medium was collected
and frozen at -70℃. Serum-free LG-DMEM containing
0.5% BSA was used as a control for secreted insulin
measurement. Insulin release was detected by rat insulin
enzyme-linked immunosorbent assay (ELISA kit, Linco)
according to the manufacturer’s instructions.
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Table 1 List of rat gene-specific primers in RT-PCR
Genes

Forward primer

Reverse primer

Annealing
temperature (℃)

GenBank
accession no.

Size of PCR
product (bp)

InsulinI

CCGTCGTGAAGTGGAG

InsulinII

ATGGCCCTGTGGATCCGCTT

CAGTTGGTAGAGGGAGCAG

57

NM_019129

156

CTAGTTGCAGTAGTTCTCCA

53

NM_019130

Glucagon

333

ATCATTCCCAGCTTCCCAGA

CGGTTCCTCTTGGTGTTCAT

54

NM_012707

152

Somatostatin

CAGGAACTGGCCAAGTAC

AGTTCTTGCAGCCAGCTTTG

54

NM_012659

187

IAPP

AGTCCTCCCACCAACCAATGT

AGCACAGGCACGTTGTTGTA

54

NM_012586

220

GLUT-2

TTACTCTCCATTTCAGTCCTTTGT

TAGAGCAGCTCTTTATTCCAGATTT

53

J03145

165

GK

ACCAGAAAGGGGAGGCCT

ATTAAAAACTCCCCCACAGTCC

51

NM_012565

179

GLP-1R

TCCTGTTAAAGCTGCAAGGC

TTGTCCGAGAGGAAGGCTG

54

NM_012728

232

PDX-1

GGTGCCAGAGTTCAGTGCTAA

CCAGTCTCGGTTCCATTCG

53

NM_022852

249

Ngn3

CTTCACAAGAAGTCTGAGAACACCAG

CTGCGCATAGCGGACCACAGCTTC

57

NM_021700

233

NeuroD1

TGTCGTTACTGCCTTTGGAA

CGATCTGAATACAGCTACACGAA

53

NM_019218

151

PAX-6

CGACAAGATTTGCCATGGAT

CAACCTTTGGAAAAACCAACA

54

NM_013001

179

Nkx2.2

CACGCAGGTCAAGATCTG

TGCCCGCCTGGAAGGTGGCG

55

X81408

188

GAPDH

CACCCTGTTGCTGTAGCCATATTC

GACATCAAGAAGGTGGTGAAGCAG

57

NM_017008

196

IAPP: Islet amyloid polypeptide; GK: Glucokinase.

Transplantation of islet-like cells to STZ-induced diabetic
rats
Hyperglycemia was induced in 16 male SD rats of closed
colony (Body weight 180-200 g) through intraperitoneal
injection of 60 mg/kg of streptozotocin (STZ). Blood
glucose levels were determined using Roche ACCU-CHEK
glucose meter. Stable hyperglycemia (blood glucose levels
ranging between 16.7-33.3 mmol/L) developed in 14 rats
one week later. Under general anesthesia, the rats received
a transplant of 5 × 106 D-MSCs (n = 7) or pre-induced
BM-MSCs (n = 3) or 600 freshly isolated islets (n = 4) via
portal vein. Glucose levels were monitored by tapped tailvein blood under non-fasting condition every two days
after transplantation for 28 d.
Observation of D-MSCs grafts by Immunohistochemical
examination
Liver and pancreas of the recipient at d 12 after
D-MSCs transplantation were removed and fixed in
4% formaldehyde and embedded in paraffin. To detect
D-MSCs grafts in the liver, all liver lobes were sampled.
Sections were stained with anti-insulin (1:50) (DAKO,
Denmark), anti-Gcg (1:50) (Zymed), anti-SS (1:50)
(Zymed) and anti-IAPP (1:50) (Zymed), respectively.
Immunohistochemical analysis was performed using an
EnVisionTM + System-HRP (DAB) (DAKO) following the
manufacture’s instruction.
Statistics analysis
Data are presented as mean ± SD. Results were analyzed
using one-way ANOVA. Statistical significance was set at
P < 0.05.

RESULTS
Morphological changes during BM-MSCs differentiation
Pre-induced BM-MSCs were typical of spindle and
fibrocyte-like adherent monolayers (Figure 1A) with

www.wjgnet.com

high CD90 positive rate (96.3% ± 1.3%), CD29 positive
rate (93.9% ± 0.8%) and very low CD45 expression
(0.3% ± 0.4%) (Figure 1F). When being switched into
5% FBS HG-DMEM, BM-MSCs began to form three
dimensional, islet-like clusters (Figure 1B). After induced
by nicotinamide and exendin-4, clusters were increased and
some half suspended in the culture medium (d = 80-200
μm) (Figure 1C). An electron micrograph of D-MSCs
revealed structures typical of a secretory cell, including
rough endoplasmic reticulum, Golgi complex, a few large
vacuoles and secretory vesicles containing dense granules
(Figure 1E). However, few could be found within the
cytoplasm of pre-induced BM-MSCs (Figure 1D).
Gene expressions of BM-MSCs and D-MSCs
Transcriptional gene expressions related to pancreatic
endocrine development and function were not detected in
pre-induced BM-MSCs. However, when BM-MSCs were
induced with 5% FBS HG-DMEM for 14 d, insulin (Ⅰ
and Ⅱ), Gcg, SS, IAPP, glucagon-like peptide (GLP)-1
receptor (GLP-1R), pancreatic duodenal homeobox-1
(PDX-1), Ngn3, NeuroD1, PAX-6 and GLUT-2 messages
were positively expressed. After adding nicotinamide
and exendin-4 for another 14 d, D-MSCs showed the
expression of the aforementioned genes and GK, Nkx2.2
mRNAs (Figure 2).
Proteins analysis of BM-MSCs and D-MSCs
To investig ate the expressions of pancreatic islet
hormones, immunofluorescence analyses were performed
for insulin (INS), C-peptide, Gcg, SS and IAPP in
D-MSCs. RIN-m5F cells were shown to strongly express
INS, C-peptide, Gcg, SS, but negative for IAPP (Figure
3A). Pre-induced BM-MSCs were negative for the above
islet hormones (Figure 3B); However, D-MSCs did express
these cytoplasmic proteins (Figure 3C); Some D-MSCs
co-expressed INS/Gcg, INS/SS, INS/IAPP (Figure 3D).
Flow cytometry showed that the insulin positive rate of
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Figure 2 Gene expressions during BM-MSCs differentiation. M DNA marker: 1 Rat
pancreas; 2 Pre-induced BM-MSCs; 3 BM-MSCs in 5% FBS HG-DMEM culture;
4 BM-MSCs in 5% FBS HG-DMEM culture with nicotinamide and exendin-4.

cells induced by 5% FBS HG-DMEM for 14 d was about
11.2%. When added with nicotinamide and exendin-4, the
insulin positive rate was up to around 19.8% and mean
fluorescence intensity was increased by 2.6 folds, which
was significantly higher than that of pre-induced BMMSCs (Figure 4, P < 0.05). To determine whether D-MSCs
could secret insulin and response to a glucose challenge,
insulin release from pre-induced BM-MSCs and D-MSCs
was measured by ELISA. Pre-induced BM-MSCs and cells
induced with 5% FBS HG-DMEM for 14 d showed little
insulin secretion and glucose response. However, D-MSCs
could secret a small amount of insulin (roughly 2.0 ng/106
cells) into medium and increase by 1.5 fold in the presence
of glucose challenge (Figure 4).
Reversal of hyperglycemia in STZ-induced diabetic rats
To determine whether D-MSCs possessed the capacity
to correct hyperglycemia in diabetic rats, D-MSCs (5
× 106/rat) were transplanted via portal vein into STZinduced diabetic rats. Pre-induced BM-MSCs (5 × 106/rat)
and freshly isolated islets (600/rat) were transplanted as
controls. As demonstrated in Figure 5, glucose levels in
D-MSCs implanted rats began to decrease at d 6 after
transplantation, kept below 15 mmol/L during d 12 to
d 16, and then elevated again after d 20. In contrast,
glucose levels in islets implanted rats decreased at d 2,
www.wjgnet.com
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Figure 3 Immunofluorescence reveals
BM-MSCs differentiated into isletlike cells in vitro. Rat RIN-m5F cells
displayed insulin (INS), C-peptide (C-P),
glucagons (Gcg), somatostatin (SS),
but without islet amyloid polypeptide
(IAPP) (A, × 400); Pre-induced BMMSCs were negative for the above islet
hormones staining (B, × 400); D-MSCs
showed the staining of INS, C-P, Gcg,
SS, IAPP (C, × 400); Some D-MSCs
co-expressed INS/Gcg, INS/SS, INS/
IAPP (D, × 400).

C

D

INS

Gcg

INS + Gcg

INS

SS

INS + SS

INS

IAPP

INS + IAPP

kept below 15 mmol/L during d 4 to d 8, and then
elevated again after d 10. Glucose levels in the pre-induced
BM-MSCs implanted rats remained elevated (P < 0.05).
Immunohistochemical analysis revealed that D-MSCs
grafts were located in the recipient’s liver in close proximity
to the portal vein and expressed insulin, Gcg, SS and IAPP
(Figure 6B). Very few native islets could be found in the
pancreas of STZ-induced diabetic recipient rats. In the
remaining pancreatic islets, only few insulin-expressing
cells located in the center, rich Gcg-expressing cells setting
at the periphery, a few SS-expressing cells and IAPPexpressing cells scattering in the islets (Figure 6A).

DISCUSSION
In the present study, we generated pancreatic islet-like
cells from BM-MSCs under an in vitro differentiation
procedure promoted by nicotinamide and exendin-4, and
confirmed the presence of insulin production by RTPCR, immunofluorescence, electron microscopy, glucose
stimulating insulin secretion test. After transplantation via
portal vein, allogeneic islet-like cells could locate in the
www.wjgnet.com

recipient’s liver expressing islet hormones and alleviate the
hyperglycemia of diabetic rats.
The mammalian pancreas arises initially as dorsal and
ventral buds that emanate from the embryonic foregut
endodermal layer and differentiates into the endocrine
cells forming the pancreatic islets of Langerhans under
a cascade of gene activation events controlled by
transcription factors including PDX-1, Ngn3, NeuroD1,
PAX-6, PAX-4, Nkx2.2, Nkx6.1 and so on[12,13]. Inducing
stem cells to differentiate into islet-like cells resembles this
reprogrammed process. This strategy has been successfully
applied in inducing embryonic stem cells, hepatic oval
cells and pancreatic stem cells into pancreatic islet-like
cells in vitro under defined condition[6-8]. However, these
sources are still not suitable for clinical application. BM
harbors large quantities of adult stem cells that could be
easily obtained. Among them, BM-MSCs are multipotent
and can differentiate into lineages of mesenchymal tissues,
endodermal and epidermal cells, such as tendon, muscle,
adipocytes, chondrocytes, osteocytes, vascular endothelial
cells, neurocytes, lung cells and hepatocytes[14-19]. Moreover,
BM-MSCs are of great multiplication potency. Cell-
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Figure 5 Glucose change of STZ-induced diabetic rats after D-MSCs
transplantation via portal vein. Glucose levels in the D-MSCs implanted rats began
to decrease at d 6 following transplantation, kept below 15 mmol/L during d 12
to d 16, and then elevated again after d 20. In contrast, glucose levels in islets
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elevated again after d 10. Glucose levels in the pre-induced BM-MSCs implanted
rats remained elevated. aP < 0.05, bP < 0.01 vs pre-induced BM-MSCs implanted
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Figure 4 Insulin content and release in response to glucose stimulation of BMMSCs in different groups. Insulin positive rate of D-MSCs was up to around
19.8% and mean fluorescence intensity was increased by 2.6 folds, which was
significantly higher than that of pre-induced BM-MSCs. D-MSCs secreted a small
amount of insulin into medium and the insulin was increased by 1.5 folds under the
glucose challenge. aP < 0.05 vs pre-induced BM-MSCs; cP < 0.05 vs HG; bP < 0.01
vs other group. N: nicotinamide; E: exendin-4.

Gcg

SS

doubling time is 48-72 h, and cells could be expanded
in culture for more than 60 doublings [20]. Autologous
transplantation of functional cells differentiated from
BM-MSCs would not cause any rejection. Several in vitro
studies have shown that bone marrow-derived stem cells
are capable of being reprogrammed to become functional
insulin-producing cells[9-11,21-23]. Their inducing processes
are to initiate PDX-1 gene expression directly in BMMSCs or via nestin-positive cells, using factors such as
nicotinamide, glucose, β -mercaptoethanol, dimethyl
sulphoxide, trichostatin A and so on.
We attempted to induce BM-MSCs into islet-like cells
by high glucose, nicotinamide and exendin-4 (GLP-1
agonist) which were considered as potent inducers for
pancreatic islet differentiation. Glucose is a growth factor
for β-cells. It promotes β-cell replication in vitro and in vivo
at a 20-30 mmol/L concentration, induces adult hepatic
stem cells into pancreatic endocrine hormone-producing
cells at a 23 mmol/L concentration and increases insulin
content in cell lines derived from embryonic stem cells
at a 5-mmol/L concentration [7,24,25]. Nicotinamide is a

IAPP

Figure 6 Islet hormones expression in the pancreas and liver of STZ-induced
diabetic rat after D-MSCs transplantation via portal vein. D-MSCs grafts were
located in the liver (B, × 400), expressing insulin (INS), glucagons (Gcg),
somatostatin (SS) and islet amyloid polypeptide(IAPP); In the remaining pancreatic
islets, a few insulin-expressing cells located in the center, rich Gcg-expressing
cells setting at the periphery, a few SS-expressing cells and IAPP-expressing cells
scattering in the islets (A, × 400).

poly (ADP-ribose) synthetase inhibitor and could induce
liver stem cells or pancreatic progenitor cells into insulin
producing cells[7,8]. Whereas exendin-4 could also stimulate
both β -cell replication and neogenesis from ductal
progenitor cells, and inhibit apoptosis of β-cell[26,27].
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Our data showed that CD45-negative and CD90/
C D 2 9 p o s i t ive B M - M S C s c o u l d b e m a n i p u l a t e d
toward a pathway of pancreatic endocrine cell lineages
differentiation under low serum HG-DMEM via a still
unclear mechanism. These premature cells could express
insulin (Ⅰand Ⅱ), Gcg, SS, IAPP, GLP-1R, PDX-1, Ngn3,
NeuroD1, PAX-6, GLUT-2 genes, and a relatively low
level of insulin, Gcg, SS and IAPP proteins. However, they
showed low insulin secretion and weak glucose response.
At this stage, GLP-1 receptor gene was also expressed.
Nicotinamide and exendin-4, D-MSCs displayed Nkx2.2,
GK and aforementioned genes and proteins, the insulin
protein levels were markedly increased. Moreover, D-MSCs
could secrete a small amount of insulin and show glucose
response to some extent. Although a combination of
nicotinamide and exendin-4 effectively promotes further
differentiation of BM-MSCs in our experimental system,
insulin positive rate of D-MSCs was only around 19.8%,
the insulin production and glucose response were still quite
lower when compared with pancreatic islets.
In order to test the function of D-MSCs in vivo, we
transplanted the differentiated cells in STZ-induced
diabetic rats via portal vein. At first, we established the
allogeneic islets transplantation system via portal vein.
We found that islet grafts could reduce the hyperglycemia
of diabetic rats for 6-8 d after transplantation and then
lost their function gradually due to allograft rejection.
However, blood glucose levels of D-MSCs implanted rats
began to decrease at d 6 after transplantation and kept
below 15 mmol/L during d 12 to d 16, suggesting that
immature D-MSCs needed further differentiation in vivo
to display their functions. Immunohistochemical analysis
revealed that D-MSCs grafts could survive in the liver of
the recipient and express insulin, Gcg, SS and IAPP. Some
data have suggested that transplanted stem cells derived
from bone marrow could initiate endogenous pancreatic
β cell regeneration and then reduce hyperglycemia in mice
with STZ-induced pancreatic damage[28]. We also detected
the islet hormones expression of pancreas in the recipient.
Very few native islets could be found in the pancreas with
only few insulin-expressing cells located in the center, just
like the STZ-induced pancreatic damage, indicating that
D-MSCs did not promote endogenous β cells regeneration
in our experiment. After d 20, glucose levels elevated
again. D-MSCs grafts lost their functions and displayed
lymphocyte infiltration and apoptosis (Data not shown),
which might be due to allograft rejection.
Taken together, present studies demonstrate that rat
BM-MSCs may be trans-differentiated into islet-like cells
in vitro. Portal vein transplantation of islet-like cells may
alleviate the hyperglycemia of diabetic rats. These insulinproducing cells may be a potential source for antilogous
transplantation without immune rejection. However,
because of the transdifferentiation and dedifferentiation
potency of BM-MSCs, there are many questions that
remain unresolved, such as how to manipulate the
differentiation process (e.g. exogenous factors, and timing
of factor addition), how to push these cells to become
mature β cells, will the autoantibodies responding to
β-cell antigens recognize and destroy the newly generated
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insulin-producing cells obtained from BM-MSCs. Further
research is required to address these important questions.
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Abstract
AIM: To investigate the role of second-look laparoscopy
in patients with acute mesenteric ischemia (AMI).
METHODS: Between January 2000 and November
2005, 71 patients were operated for the treatment of
AMI. The indications for a second-look were low flow
state, bowel resection and anastomosis or mesenteric
thromboembolectomy performed during the first
operation. Regardless of the clinical course of patients,
the second-look laparoscopic examination was performed
72 h post-operatively at the bed side in the ICU or
operating room.
RESULTS: The average time of admission to the
hospital after the initiation of symptoms was 3 d (range, 5
h-9 d). In 14 patients, laparotomy was performed. In 11
patients, small and/or large bowel necrosis was detected
and initial resection and anastomosis were conducted. A
low flow state was observed in two patients and superior
mesenteric artery thromboembolectomy with small bowel
resection was performed in one patient. In 13 patients,
a second-look laparoscopic examination revealed normal
bowel viability, but in one patient, intestinal necrosis was
detected. In two of the patients, a third operation was
necessary to correct anastomotic leakage. The overall
complication rate was 42.8%, and in-hospital mortality
rate was 57.1% (n = 6).
CONCLUSION: Second-look laparoscopy is a minimally
invasive, technically simple procedure that is performed
for diagnostic as well as therapeutic purposes. The
simplicity and ease of this method may encourage wider
application to benefit more patients. However, the timing
of a second-look procedure is unclear particularly in a
patient with anastomosis.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Acute mesenteric ischemia (AMI) resulting in intestinal
ischemia or infarction is associated with an extremely
serious prognosis and mortality rate ranging from
40%-100%[1-3]. Acute mesenteric vascular ischemic diseases
are diagnosed more commonly as a consequence of the
aging population and often result in emergency bowel
resection. Abdominal second-look may occasionally be
necessary in cases of doubtful bowel viability or intraabdominal sepsis after primary anastomosis[4,5]. In 1965,
Shaw [6] introduced the “second-look laparotomy” to
overcome the difficulty in assessing the adequacy of bowel
resection during surgery.
Second-look entails early surgical re-exploration to
check the viability of intestinal loops and is the mainstay
of AMI surgical treatment[7,8]. When a second-look surgery
is indicated, second-look laparoscopy may be a useful
alternative to conventional surgery, because it prevents
critically ill patients from the trauma and risks of relaparotomy and can be performed as a bed-side operation
in the intensive care unit [4]. In this study, we aimed to
determine the outcome of patients with AMI with or
without bowel necrosis, who were subjected to a secondlook laparoscopy.

MATERIALS AND METHODS
Between January 2000 and November 2005, 71 patients
were operated to treat acute mesenteric ischemia (AMI) at
Istanbul University, Istanbul Faculty of Medicine, Trauma
and Emergency Surgery Service. Triple-contrast computed
tomography (CT) scanning or CT angiography was used
to confirm either arterial occlusion or bowel changes
compatible with AMI. Fifty-seven patients were excluded
and did not undergo a second-look laparoscopy because
the bowel resection required an ostomy during the first
procedure. The remaining 14 patients underwent a second-
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Table 1 Clinical characteristics and outcome of the fourteen
patients
No. Comorbid
disease

1
2
3
4
5
6
7
8
9
10
11
12

13
14

IHD
IHD + HT
Acute pancreatitis,
IHD, HTN
IHD
Epilepsy
DM + HTN + AF
HTN+AF
DM + HTN + IHD
DM
-

DM + IHD + HTN
DM + HTN +
AF + Toxic
goiter + Asthma

Result
Duration Results of
Duration of
second-look
of
symptom onset
hospital
before
stay (d)
admission
to hospital
4d
7d
5h
1h
1h

13
13
52
23
18

Normal
Normal
Normal
Normal
Normal

8h
3d
10 h
2d
7d
7d
9d

10
10
10
10
24
8
38

2d
3d

16
17

Normal
Normal
Normal
Normal
Normal
Normal
Partial
small
intestine
resection
Normal
Normal

Died
Died
Died

3351

71 patients admitted with
acute peritonitis secondary to AMI

No second-look (n = 57)

Second-look (n = 14)

Negative second-look
(n = 13)

Mortality
(n = 5; 38%)

Survived
(n = 8; 62%)

Positive second-look
(n = 1)

Mortality
(n = 1; 100%)

Figure 1 Outcome of patients with acute mesenteric ischemia treated with a
second-look procedure.

Died
Died

Died

IHD: Ischemic heart disease; HTN: Hypertension; DM: Diabetes mellitus; AF:
Atrial fibrilation.

look laparoscopic examination. In this study, we only
discuss those 14 patients, who underwent a second-look
laparoscopy.
In our clinic, our policy is to perfor m a secondlook laparoscopy for all patients operated on for AMI.
Regardless of the clinical course of patients during the
first operation when bowel viability was suspected and
a low flow state was detected or bowel resection and
anastomosis were performed, we performed a second-look
laparoscopy within 72 h following the first operation at the
bed side in the ICU or operating room. At the end of the
operation, a 10-mm laparoscopic trocar was inserted into
the left lower quadrant of the abdomen prior to closing
the abdominal wall. Data were collected on patients’
demographics, co-morbid diseases, clinical signs and
symptoms, intra-operative findings and hospital course.
All patients were given a low molecular weight heparin
(Enoxaparin sodium-Clexane®, 1 mg/kg per day) treatment
once AMI was diagnosed and continued on enoxaparin
until the patient received an oral anticoagulant (WarfarinNa), if indicated. When the patient was stabilized, an
echocardiography was performed. Mortality was defined
as in-hospital death. The study was approved by the
Institutional Review Board.

RESULTS
There were nine men and five women with a median age
of 68 years (range, 45-76 years). The median hospital stay
was 16 d (range, 1-52 d). The most common co-morbid
diseases were hypertension (HTN) in 7 (50%) patients
(Table 1). Abdominal pain was present in all of the

patients. Nausea was the second most frequent symptom
and observed in 10 (71.4%) patients, followed by vomiting
in 7 (50%) patients, and bloody diarrhea in 3 (21.4%)
patients. The median time of admission after the onset of
symptoms was 3 d (range, 5 h-9 d).
In 11 patients, small and/or large bowel necrosis was
detected. Bowel resection and primary anastomosis were
performed during the first procedure. In two patients,
non-occlusive mesenteric ischemia (NOMI) without bowel
necrosis was detected. In one patient, who was admitted to
the emergency service within 3 h following abdominal pain,
superior mesenteric artery (SMA) thromboembolectomy
was performed because of an embolism in the SMA.
In 13 patients, a second-look laparoscopic examination
showed normal viable intestinal loops and a normal healing
anastomosis (Figure 1). In one patient, who previously
underwent SMA thromboembolectomy, intestinal necrosis
was found and spanned the distance from 70 cm distal to
the ligament of Treitz to 10 cm proximal to the ileocecal
valve, and therefore a partial small bowel resection with
end jejunostomy and end ileostomy were performed. In
two of the patients, the third operation was required due
to peritonitis and leucocytosis, an anastomotic leakage
was found in both patients on 6th post-operative day; so
ileostomy or colostomy was performed.
Overall in-hospital mortality was reported in 6 (57.1%)
patients. Multiorgan failure caused death in 4 (66.6%)
patients, being the most common cause of mortality. One
patient died secondary to myocardial infarction and one
died from sepsis. The overall complication rate was 42.8%.
Peptic ulcer perforation occurred in one patient, who
had previously suffered from acute pancreatitis, despite
H 2 blocker prophylaxis. This patient was re-operated
for pancreatic necrosis. An another patient had wound
dehiscence.

DISCUSSION
The mortality associated with AMI decreased from
80%-90% in the 1970’s to 60%-70% in the 1980’s and
1990’s[2,3]. This has been attributed to earlier diagnosis
secondary to increased awareness, aggressive angiography,
surgical and non-surgical blood flow restoration, resection
of all necrotic bowel, second-look laparotomy or secondlook laparoscopy and supportive intensive care[8,9].
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Second-look laparotomy remains the gold standard for
determination of further bowel viability and an operation is
the only way to remove dead bowel. During the operation,
bowel viability can be assessed by physical examination
(inspection of bowel and palpation of vessels), handheld Doppler ultrasound examination and intravenous
injection of fluorescein[9-11]. These techniques are helpful
but far from being sensitive and specific enough to allow
omitting the second-look procedure[10-13]. Indications for
the second-look procedure remained viable even when
more objective methods such as Doppler ultrasonography
and fluorescein testing became available. We use neither
Doppler nor flurescein testing pre-operatively. We believe
that if the bleeding is enough on the cutting end and the
arterial pulse is palpable on the mesenteric side of the
bowel in a normotensive patient, the patient is amenable to
anastomosis, unless intra-abdominal sepsis or peritonitis is
present.
In critically ill patients, conventional laparotomy is
associated with certain general and access-related risks[5].
Second-look laparoscopy has become a diagnostic
technique with potential therapeutic options. Secondlook procedure has become more common in mesenteric
vessel occlusion with uncertain intestinal viability observed
during the primary surgery[1-3]. This procedure can also be
applied under local anesthesia and be performed in the
intensive care unit under sedation or analgesia. We prefer
to perform the second-look procedure in the operating
room, unless the patient is hemodynamically unstable.
In a large French study, although the overall survival
of patients with AMI improved from the early 1980’s to
early 1990’s, the percentage of second-look procedures
remained unchanged[1]. Endean et al[16] stated that 15 of
43 (35%) patients with AMI with either thrombosis or
embolism underwent a second-look procedure. In our
clinic, a second-look laparoscopy is warranted in patients
with AMI, if they exhibit either a low flow state, or have
had a bowel resection with anastomosis during the first
operation. However, among 71 patients, only 14 patients
underwent a second-look laparoscopy. The reason for the
lower incidence of a second-look laparoscopy was that
most patients were transferred to our clinic from other
hospitals. This delay in diagnosis led to bowel perforation
and peritonitis resulting in the creation of a stoma and the
abdomen was closed by using a Bogota bag.
Second-look laparoscopy is a safe method that
decreases the negative second-look laparotomy risk in
critically ill patients[4]. In reviewing results on 92 patients,
Levy et al[17] stressed the beneficial role of a second-look
on patient survival, although only 14% of their patients
were exposed to this procedure. Since there are no
predictive criteria for the progression of ischemia and not
all patients undergo second-look procedures, some patients
will undergo unnecessary surgical and anesthesiological
procedures (negative second-look), and others in whom
a surgical second-look might be beneficial, will not be
operated on[7]. At this critical point when bowel ischemia
is suspected, a laparoscopic second-look is important,
because it can reduce severe unnecessary anesthesiological
and surgical trauma to the patients by easily replacing the
open surgical procedure for permanent treatment.
www.wjgnet.com
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Although studies have advocated that laparoscopic
second-look is a routine substitute of surgical secondlook, there exist controversies regarding the timing of
second-look operations. Practically, re-operation may be
performed within 24 h. However, we prefer to perform the
second-look operation within 72 h, which promotes bowel
viability and anastomotic healing. We performed a secondlook laparoscopy for our 14 patients during the ensuing
72 h. To our knowledge, the majority of anastomotic
leakage occurs at 3rd to 5th post-operative days. We believe
this contributes to early detection of leakage and prevent
peritonitis. Although the laparoscopic findings were
normal, we found anastomostic leakages in two patients at
6th post-operative day.
Denecke and Stiegler [18] stated that they performed
second-look to control viability or lavage in 36 of 87 AMI
patients. In 10 of 87 patients, a resection was performed.
Unfortunately, only five of these patients survived. By the
second-look procedure, 5 of 87 patients could be saved[18].
However, even in earlier studies that reported an advantage
of the second-look procedure, the best survival rates were
not much higher than 65%[16,19].
Anadol et al [20] compared open and laparoscopic
second-look procedures in AMI patients. In the first group
of 41 patients, the abdomen was closed after the first
procedure. In the second group of 36 patients, a 10-mm
trocar was inserted before closing the abdomen and a
second-look intervention was performed by telescope in
23 patients. Seventy percent of re-laparotomies revealed
nothing and were unnecessary. Eight percent of the relaparoscopy group required re-resection while 87% of
patients were rescued from unnecessary laparotomies[22].
Finally, a second-look laparoscopy is minimally invasive
and technically simple. Laparoscopy has a shorter operative
time compared to conventional laparotomy. It can not
only be performed as a bedside procedure and sometimes
without anesthesia, but also minimizes the risks of a redolaparotomy.
The simplicity and ease of this method may encourage
wider application to benefit more patients. However,
prospective randomized studies are required for
clarification if second-look procedures make a difference
in outcomes.
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Abstract
AIM: To study the loss of heterozygosity (LOH) at
8p21-23 locus in diffuse gastric cancer.
METHODS: To evaluate the involvement of this region
in gastric cancer, we used eight microsatellite markers
covering two Mb of mentioned region, to perform a
high-resolution analysis of allele loss in 42 cases of late
diffuse gastric adenocarcinoma.
RESULTS: Six of these STS makers: D8S1149, D8S1645,
D8S1643, D8S1508, D8S1591, and D8S1145 showed
36%, 28%, 37%, 41%, 44% and 53% LOH, respectively.
CONCLUSION: A critical region of loss, close to the

NAT2 locus and relatively far from FEZ1 gene currently
postulated as tumor suppressor gene in this region.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Adenocarcinoma of the stomach (ACS) is the second
most common cancer worldwide and there are two
distinct biological and etiological subtypes of ACS: (a)
the intestinal and (b) the diffuse-infiltrative type. The
individual’s risk of the intestinal disease is dominant in
countries with a high incident of gastric cancer. Although
its incidence is decreasing, ACS is the second leading cause
of cancer mortality in many countries[1,2].
A recent cancer survey by the Iranian Ministry of
Health and Medical Education (IMHME) revealed that
gastric adenocarcinoma is the most common fatal cancer
in Iran, with a wide variation of death rate among different
provinces. According to the recent cancer statistics, deaths
due to gastric cancer constitute about 39% of all deaths
due to cancer each year in some parts of Iran[3].
Diet and environment are important factors in the
intestinal form of ACS, which is associated with chronic
atrophic gastritis and intestinal metaplasia of the gastric
mucosa. In addition, environmental factors have influence
on incidence of the diffuse (i.e. infiltrative) form of ACS[4].
One of the strong tools to genetic analyses is loss of
heterozygosity (LOH) that consequently leads to loss of
function of tumor suppressor genes. Inactivation of first
normal allele mainly occurs by point mutation, followed
by deletion or loss of second allele [5]. Hence, to LOH
analyzing in a region, usually the microsatellite STS markers
are used. These markers enable to trail contemporary two
alleles of a gene[6].
Frequent LOH at specific chromosomal regions in
certain tumors implies the presence of suppressor genes.
Recent allelotyping studies have shown that allelic losses
on the short arm of chromosome 8, particularly at bands
21-23.1, are frequently associated with various tumors,
including prostate cancer [7,8] , breast cancer [9,10] , head
and neck squamous cell carcinoma[11,12], urinary bladder
carcinoma[13,14], hepatocellular carcinoma[15], lung cancer[16]
and colorectal cancer[17]. Additionally, frequent deletion
at 8p22 has been shown strongly associated with gastric
cancer progression[18]. These observations suggest that
chromosomal region 8p21-23.1 plays a critical role in the
development of various tumors.
Experimentally functional evidence by chromosome
transfer into tumor cells at 8p region showed the presence
of one or more putative tumor suppressor gene(s) in
this region[19]. In addition, micro-cell fusion experiments
suggested the possible location of metastasis suppressor
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gene(s) at 8p[20, 21]. It is possible that at the locus 8p, two
or more genes will be involved in suppressing of cancer
development. Efforts toward positional cloning of the
suppressor gene(s) allowed the isolation of an important
candidate tumor suppressor FEZ1 gene at 8p22. However,
the significance of FEZ1 in the tumor-development or
progression remains confused[22-24].
Accordingly, in this first study from Iran, eight
microsatellite STS markers were selected to analyze
frequency of allelic loss in 42 cases of late diffuse type of
gastric cancer.

MATERIALS AND METHODS
Subject
Paraffin embedded tissues of 42 patients were analyzed
with advanced locally diffuse type of gastric cancer
registered in RCGLD registry system from 2003 to 2005.
DNA Extraction: Formalin-fixed, paraffin-embedded
tissue blocks were sectioned with 5 µm thickness. They
stained (Hematoxylin and Eosin), and viewed to confirm
histological grading. Using the stained dissected slides
as templates, two 20-µm section fragment of paraffinembedded tissue were placed in two sterile tubes as
source of tumoral and nor mal samples, separately.
Deparaffinization was performed with Xylene, followed by
DNA extraction as described previously[25].
Microsatellite STS marker selection
LOH analysis by paired normal-tumor microsatellite PCR
was performed using eight well-mapped microsatellite
markers (Table 1). These markers cover approximately
two Mb of 8p22 region. Figure 1 shows the chromosomal
positions of the selected markers, based on the sequence
tagged site database (http://www.ncbi.nlm.nih.gov), with
supplementary mapping information, provided through
the Cooperative Human Linkage Center database (http://
www.chlc.org), the Genome Database (http://www.gdb.
org), the Genetic Location Database (http://www.cedar.
genetics.soton.ac.uk/public_html).
PCR of STS microsatellite markers
In a total volume of 25 µL the PCR contained 2 µL DNA
sample solution, 200 µ m of all four deoxynucleotide
triphosphates (dNTP), 50 pmol of each forward and
reverse primers, 0.2 µL super Taq polymerase (Roche),
2 µL of 10X PCR buffer (Roche), and 3 mmol/L MgCl2
(Roche). The following thermal cycling conditions were
employed for all reactions: an initial denaturation step of
5 min, followed by 35 cycles of denaturing, annealing,
and extension (30 s each) and a final 20-min extension
step. A denaturing temperature of 95℃ and an extension
temperature of 72℃ were used and annealing temperatures
for the different primer sets were optimized as necessary
(Table 1)
Gel electrophoresis, staining and LOH analyzing
PCR-products were size-separated on a Biorad 165-3860
Sequi-gene using 5 µL of the sample was then loaded onto
a 60 g/L polyacrylamide gel containing 7 mol/L urea,
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450 mmol/L Tris-borate (pH 7.5) and 1 mmol/L EDTA
(pH 7.0) running buffer. Loaded gels were electrophoresed
for 2-4 h (depend on PCR product size bands) and stained
with AGNO3 method[26].
Because of low quality of specimens, 17 of 42 samples
were excluded and the remains normal and tumor pairedsamples from 25 late diffuse type of gastric cancer were
screened for LOH at 8p22. LOH analysis was performed
as described previously[27,28]. Each locus scored for LOH
according to the absence (allelic loss) or the disequilibrium
(allelic imbalance) of signal from one allele in the tumorDNA-amplification product as compared with the
normal one. Reduction of > 50% of band intensity was
considered to loss. (Figure 2)

RESULTS
Allelic loss for at least one locus detected in 76%
(19/25) cases examined. Eight loci were tested in all of
the matched normal and tumor samples (Table 1). Two
of these STS markers (D8S1948, D8S280) have been
excluded because of non-informatively. In other markers
allelic loss ranged were 36% (4/11) for D8S1949, 28%
(5/18) for D8S1645, 37% (7/19) for D8S1643, 41% (5/12)
for D8S1508, 44% (4/9) for D8S1591 and 53% (7/13) for
D8S1145. Allelic imbalance for at least one locus found
in 76% of tumor samples. Figure 2 shows the pattern of
allelic loss for each case. In eight cases, loss of one allele
tends to telomeric and in four cases to centromeric region.
Other cases showed loss in the middle point of 8p22
region.

DISCUSSION
In this study we examined a region of chromosome
8p favored as potentially harboring tumor suppressor
genes[7-18]. The allelotyping performed in a region less than
two Mb at 8p22 to identify a common deletion in the late
diffuse type of gastric carcinoma. Allelic imbalance for at
least one locus found in 76% of tumor samples. However,
the diffuse-type of gastric cancer has a higher normal cell
content and the DNA impurities maybe superimposed
to infrequent chromosomal losses [28] . Therefore, the
frequency of 8p22 deletion in this study is considerable.
The unique connection of this locus in the carcinogenesis
introduces two possibilities: (1) 8p22 locus is one of
phenotype-determined events tends to develop diffuse
gastric cancer; (2) or alternatively, 8p22 locus participate
in late stage of diffuse gastric cancer and is more likely to
harbor chromosome instabilities. Furthermore, our data
allowed us to define a minimal region of allelic loss at
8p22 to a segment around D8S1145 marker with a LOH
rate of 53% (Figure 2); make it a good candidate to harbor
putative TSG.
Several candidate cancer-susceptibility genes at
8p22, such leucine zipper tumor suppressor 1 (LZTS1)
or FEZ1 [22-24] , deleted in liver cancer DLC1 [29] and
mitochondrial tumor suppressor gene1 MTUS1 [30] are
other candidate TSGs in this region. Nevertheless, the
minimal region of loss in our tumor samples was telomeric
www.wjgnet.com
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Table 1 Markers and their characteristics
Locus

Forward primer (5'-3')

Reverse primer (5'-3')

Size range (bp) Annealing
(%) Informative (%) LOH
temperature (℃)

D8S1948
D8S1949
D8S1645
D8S1643
D8S280
D8S1508
D8S1591
D8S1145

TTACAAAACATACCCAGTGTTTGG
TGTCTTACAGCTCTCCCTCTCC
GTTCAACTGTTGATTTTTTGACAA
AGGCCTTGTAAGTGATAAAGGC
CAATTTCATTGCTAGGTGTATATCC
AAAATTCCTACCTTGCTATGAACA
CAAAGATTTCTTTTTATTCACCTGC
TGCTAACTGGCACGGTCAC

CTTTTTAGTGCTTGAGACTGTCTCC
CAGTAAGGATCACCAAGACAAGG
CTTTTTAGTTAATTCCCATCAGCA
TTCTCCATCAACCTTTTGGC
CTGTTTTATGGCTGAATAGTGTCC
CTGCACGTAACTCTCCACCA
TTTCTTTAGATGGAGTCCATTGC
CAATCCCAGTAATCTATAACTTCA

110-111
106-107
176-177
100-101
224-232
181-182
208-209
261-289

58
65
62
64
59.5
61.5
59.5
63

< 10
40
72
80
< 10
50
36
56

Exclude
36
28
37
Exclude
41
44
53

8p
1

23
NAT2

2

5

7

12 16 17 21 22 23 25 26 27

29 30 31 32 36

42

D8S1145

←

D8S1591
D8S1508
D8S1643

22

←

Fez1
21

D8S1645
D8S1949

12
11

LOH

Heterozygote

Non-informative

8q

Figure 1 LOH pattern of markers and chromosomal positions. Case number is illustrating above each column. Microsatellite STS markers listed in order from telomere to
centromere together with their genetic location. Fez1 gene locus is close to D8S1949 marker with 36% LOH and NAT2 gene locus is close to D8S1145 marker with 53%
LOH, respectively.

LOH

A: D8S1643

LOH

A: D8S1508

Figure 2 Showed LOH in two markers.

to these genes and the D8S1145 marker with the highest
LOH rate is close to the NAT2 locus.
The N-acetyltransferase isoezymes, N-acetyltransferase
1 (NAT1) and N-acetyltransferase 2 (NAT2) catalyze
either N-acetylation of aromatic amine and hydrazine
dr ugs or O-acetylation of N-hydroxy-aromatic and
heterocyclic amines, and have a primary role in the
activation and/or deactivation of a large and diverse
number of environmental pollutants[31]. Because NATs
activate and/or deactivate environmental pollutants,
some of which have been implicated in the etiology of
cancers, it has been suggested some polymorphisms that
alter the function of NAT genes may be risk factors for
the disease[32]. It is often suggested that human NAT2
activity is highest in the liver and gastrointestinal tract[33].
Certain polymorphisms are associated with a decrease in
www.wjgnet.com

N-acetyltransferase2 activity leading to a possible increased
risk factor to develop bladder, gastric, lung and prostate
cancers[32-35]. In other hand, occurring of diffuse gastric
cancer in proximal gastric tissue is abundance than other
section of gastric tissue[36,37] and NAT2 only expressed in
this region of stomach[38,39].
Furthermore, accumulating evidences indicate that
both genetic and epigenetic changes associate with diffuse
gastric cancers[23,40]. Ethnic background suggested being
associated with differences in disease aggression and
outcome in Asian populations[41,42]. Based on mentioned
reports and our LOH rate around NAT2 locus, we
hypothesize that the loss of NAT2 gene might influences
the progression of this form of cancer or this region
harbored another tumor suppressor gene far from of
FEZ1 locus.
Further studies will define the key gene targets of
alteration on 8p22-23.1 in gastric cancers.
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Abstract
AIM: To evaluate safety and feasibility of autologous
+
bone marrow-enriched CD34 hematopoietic stem
cell Tx through the hepatic artery in patients with
decompensated cirrhosis.
METHODS: Four patients with decompensated cirrhosis
were included. Approximately 200 mL of the bone
+
marrow of the patients was aspirated, and CD34 stem
+
cells were selected. Between 3 to 10 million CD34 cells
were isolated. The cells were slowly infused through the
hepatic artery of the patients.
RESULTS: Patient 1 showed marginal improvement in
serum albumin and no significant changes in other test
results. In patient 2 prothrombin time was decreased;
however, her total bilirubin, serum creatinine, and
Model of End-Stage Liver Disease (MELD) score
worsened at the end of follow up. In patient 3 there
was improvement in serum albumin, porthrombin time
(PT), and MELD score. Patient 4 developed radiocontrast
nephropathy after the procedure, and progressed to type
1 hepatorenal syndrome and died of liver failure a few
days later. Because of the major side effects seen in the
last patient, the trial was prematurely stopped.
CONCLUSION: Infusion of CD34+ stem cells through
the hepatic artery is not safe in decompensated cirrhosis.
Radiocontrast nephropathy and hepatorenal syndrome
could be major side effects. However, this study does

+

not preclude infusion of CD34 stem cells through other
routes.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Cirrhosis represents a late stage of progressive hepatic
fibrosis characterized by distortion of the hepatic architecture and the formation of regenerative nodules. Orthotopic liver transplantation (OLT) is the standard treatment
modality in patients with decompensated cirrhosis. However, it has several limitations such as shortage of organ
donors, high cost, and several complications.
For example, in Iran the minimum number of patients
who need liver transplant each year is around 1000[1], but
the maximum number of OLT is only 100 per year [2];
therefore, the majority of patients with end stage liver disease in Iran are presently dying at the end of their natural
history of liver disease. Living donor liver transplantation
provides one means to expand organ availability. However,
there is a real need for an alternative therapies for end
stage liver disease.
Preliminary experience with clinical hepatocyte transplantation during the past decade has provided proof of
concept that cell therapy can be effective for the treatment of some liver diseases. Recent progress in cell biology resulting in the isolation and characterization of bone
marrow stem cells and progenitor cells further increases
the expectation for a new approach to the treatment of
genetic and chronic liver disease[3].
There are at least two types of stem cells in the human
www.wjgnet.com
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bone marrow; mesenchymal stem cells, and hematopoietic
stem cells (HSCs). HSCs are CD34+ and CD133+ and they
can give rise to all lineages of blood cell differentiation.
Recently, intracoronary infusion of bone marrow stem
cells was reported to be safe and effective in patients with
acute myocardial infarction[4].
Furthermore, in vivo trans-differentiation of human
HSCs to functional hepatocytes has been demonstrated[5].
Also, it has been shown that infusion of bone marrow
stem cells to animal models of liver cirrhosis can lead to
regression of liver fibrosis[6]. Recently, am Esch et al[7] reported that portal administration of autologous CD133+
HSCs accelerated liver regeneration. We hypothesized that
infusion of HSCs may help to reverse liver failure in patients with decompensated cirrhosis. Thus, we conducted
a phase 1 human trial to evaluate safety and feasibility of
autologous bone marrow-enriched CD34+ HSC transplantation in patients with decompensated cirrhosis.

MATERIALS AND METHODS
Preparation of bone marrow-enriched CD34+ cells
One day before stem cell infusion, a total of 200 mL of
bone marrow was aspirated from four different sites of
the iliac crest in the right and left side (50 mL at each site)
of the patients in a standard fashion. The harvested bone
marrow was placed in sterile tubes containing 1500 U/50
mL of heparin sulfate to avoid platelet clumping. The
procedure of stem cell isolation was performed in a clean
room (FS 209 E & ISO 14 644). To reduce the volume of
red blood cells, hydroxyethyl starch was used.
Mononuclear cells were separated by Ficoll-Hypaque
(Lymphodex, inno TRAin, H9L6114) and then these cells
were diluted in cliniMACS buffer. The bone marrow LDMNCs were incubated for 45 m at 4℃ with the CD34
monoclonal antibody (mAb) directly labeled to microbeads (MACS, Miltenyi Biotec GmbH, 171-01, Bergisch
Gladbach, Germany), washed with cliniMACS buffer and
placed on a column in the miniMACS cell separator (Miltenyi Biotec). The labeled cells were separated using a highgradient magnetic field, and eluted from the column after
their removal from the magnet. The positive fraction was
then placed on a new column and the magnetic separation step repeated. At the end of the separation, the cells
were counted and assessed for viability using Trypan Blue
dye exclusion; their purity was determined using a FACS
Calibur flow cytometer (Becton Dickinson, San Jose, CA,
USA). Enriched CD34+ cells were stored at 4℃ in 2% human serum albumin (Human Albumin 20%, USP, Bayer,
683-20) in a sterile tube until the stem cell infusion the
next day.
Transplantation of HSCs
After local anesthesia, puncture of right femoral artery was
performed, and 5 French sheaths were inserted. Simon� Ⅲ
catheter advanced to the descending aorta, and catheterization of celiac axis and then hepatic artery was performed.
The mean duration of catheterization was 9.5 m (range:
5-15 m). Nonionic low osmolal radiocontrast agent was
used to visualize the hepatic artery. Then CD34 + stem
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cells were selectively applied to the hepatic artery as equal
aliquots of 10 mL, taking an average time of 10 m. After
that, the catheter was flushed with 10 cc of normal saline
and the procedure was finished. After the stem cell infusion the catheter and the sheath were removed.
Patients
The proposal was designed to include 6 patients with
decompensated cirrhosis. The project was approved by
the Ethics Committee and the research council of digestive disease research center, Tehran University of medical sciences. The written informed consent was assigned
by the patients. Inclusion criteria were age 18-60 years;
chronic liver failure, ultrasonographic evidences of cirrhosis and portal hypertension, abnormal serum albumin,
and/or bilirubin and/or prothrombin time (PT); ChildPough score of 7 or more. Exclusion criteria were history
of moderate to severe hepatic encephalopathy or variceal
bleeding during the last 2 mo before enrolment; serum Cr
≥ 2 mg/dL, or GFR < 40 mL/min; serum sodium < 129
meq/L; serum AST or ALT more than 3 times normal;
lines of evidence of active autoimmune liver disease (serum
gammaglobulin > twice normal; serum transaminases >
120 U/L); human immunodeficiency virus or hepatitis C
virus seropositivity; serum hepatitis B virus DNA of more
than 10 000 copies/mL in patients with positive hepatitis
B surface antigen; lines of evidence of extrahepatic biliary
diseases (e.g. presence of primary sclerosing cholangitis,
or dilated common bile duct on ultrasonography; presence of active untreated infectious disease; presence of
hepatic, portal, or splenic vein thromboses on Doppler
ultrasonography; presence of severe comorbid diseases (e.g.
severe renal, respiratory, or cardiac disease), or presence of
any types of malignancy; history of alcohol use, or use of
hepatotoxic drugs within the last 6 mo before enrolment;
active substance abuse; lack of a supportive family; and
unwilling to assign the inform consent. All patients were
on the waiting list of liver transplantation.
Follow up visits and outcome measures
Patients were admitted and observed in Shariati hospital
(Tehran, Iran) for 7 d. The following tests were performed
at d 0, 1, 3, 5, and 7, wk 2, 3, and 4, mo 2, 3, and 6 posttransplantation: complete blood counts, PT, and international normalized ratio (INR), serum albumin, urea,
creatinine, aspartate aminotransferase (AST), alanine aminotransferase (ALT), serum alkaline phosphatase, serum
total and direct bilirubin, alfa-fetoprotein. Also, 10 mL
of the patients’ serum samples were collected and stored
frozen at -70℃ at each visit. Liver volume of the patients
was measured at baseline and at the end of follow up by
multislice spiral CT scan without administration of intravenous contrast. The SF-36 questionnaire which was previously validated in Persian language[8] was completed by
the patients at 1 d before the stem cells infusion, and was
repeated at the end of follow up.
Primary aim of the study was to assess safety and feasibility of the study. Secondary end points were to assess
changes in MELD score, liver volume, and quality of life
of the patients at the end of follow up.
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Table 1 Baseline characteristics of the patients

Age (yr)
Gender
Etiology of cirrhosis
Medications

Patient 1
40
Male
Hepatitis B
Lamivudine, Spironolactone, Furosmide

Patient 2
53
Female
PBC
UDCA, Spironolactone, Furosmide

Patient 3
45
Male
Cryptogenic
Spironolactone, Furosmide

Patient 4
53
Female
AIH
Spironolactone, Furosmide

UDCA: Ursodeoxy-cholic acid; AIH: Autoimmune hepatitis; PBC: Primary biliary cirrhosis.

Table 2 Paraclinical data of the patients at baseline and at the end of follow up
Patient 1
Edema
Ascites
Serum albumin (g/dL)
PT (seconds)
INR
Cr (mg/dL)
Total bilirubin (mg/dL)
Direct bilirubin (mg/dL)
AST (IU/mL)
ALT (IU/mL)
AFP (mcg/L)
MELD score
Liver volume (cm3)

Baseline
2+
Moderate
3.8
14
1.2
1.2
1.2
0.4
43
31
4.7
11
1205

mo 6
None
None
4.2
14.6
1.3
0.83
1.87
0.43
52
34
3.7
12
1180

Patient 2
Baseline
2+
Moderate
2.9
20.7
2.2
0.95
3.31
2.03
52
23
3.48
20
960

Patient 3

mo 6
2+
Moderate
3.1
17
1.8
1.8
5
2.8
75
30
5.5
25
NA

Baseline
1+
Moderate
2.5
18.7
1.9
0.72
2.37
0.66
62
30
1.7
17
896

Patient 4
mo 6
1+
Moderate
2.8
16.7
1.6
0.8
2.02
0.82
37
15
14
474

Baseline
2+
Severe
2.6
19.5
2
1.37
19.85
13.82
2
202
2
163
3.8
29
1159

mo 61
–
–
–
–
–
–
–
–
–
–
–
–
–

1

Since patient 4 died two weeks after undergoing the procedure. There is no data of her follow up on mo 6; 2Serum aminotransferases of the patient 4 was
less than 3 times of upper limit of normal at screening. PT: Prothrombin time; INR: International normalized ratio; Cr: Serum creatinine; AST: Aspartate
aminotransferase; ALT: Alanine aminotransferase; AFP: Alpha fetoprotein; MELD: Model for end stage liver disease. NA: not available.

Evaluation of safety and feasibility
Patients’ safeties were evaluated at each visit according to
the above mentioned schedule. Clinical, laboratory, and
safety-related data were prospectively collected. Procedural
complications were defined as any hemodynamic instability during the cell infusion. Major side effects were defined
as development of any of the following complications
during the follow up: acute renal failure, worsening hepatic
decompensation that requires urgent liver transplantation,
progressive elevation in serum AFP, or development of
liver mass on follow up CT scans.

RESULTS
Viability and function of HSCs
The mean volume of bone marrow aspirated from the
ilium of the patients was 215.8 mL. The mean number of
mononuclear cells achieved from the patients’ bone marrow was 3.13 × 108 cells. The mean number of CD34+
cells achieved after isolation was 5.25 × 106 (range: 2.5-8
× 106). The mean rate of viability of the cells was 90.75%.
The mean purity of CD34+ cells was 90.5%.
Clinical results
The study was designed to enroll 6 patients. Four patients (2 male, 2 female) with the mean age of 47.8 years
(range: 40-53) were enrolled and underwent the procedure
(Table 1).
CD34 + stem cells were slowly infused through the
hepatic artery. Vital signs of the patients remained stable

during the stem cell infusion. The results of the study are
shown in Table 2 and Figure 1.
There were no any adverse effects in patients 1, and
3 during the 6 mo of follow up. Patient 2 did not experience any side effects until mo 5. However, after that she
developed some degree of renal failure. The correlation
between the procedure and renal failure in this patient is
unclear. Patient 4 developed progressive renal failure, and
went on type 1 hepatorenal syndrome and died of liver
failure prior to urgent liver transplantation. The trigger
factor for acute renal failure was most probably radio-contrast nephropathy. Afterwards, the project was prematurely
stopped.

DISCUSSION
Cell based therapies are increasingly studied in various
types of human diseases [4,9,10]. However, safety issues
should be carefully considered in these novel treatment approaches. Recently, Gaia et al[11] mobilized CD34+ cells and
observed bone marrow-derived cells may represent an easy
immature cell source potentially useful for novel approaches for liver regeneration. Gordon et al[12], reported that
HSCs infusion through the portal vein or hepatic artery
was safe and may be effective in decompensated cirrhosis.
However, in our study, one patient developed some degrees of renal failure 5 mo after undergoing the procedure.
Most importantly, another patient developed radiocontrast
nephropathy and rapidly progressed to type 1 hepatorenal
syndrome, and died of liver failure before embarking on
www.wjgnet.com
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Serum albumin

4.5

g/dL

4
Patient 1
Patient 2
Patient 3

3.5
3
2.5
2

Baseline

B

2

t /mo

4

6

Prothrombin time
22

Seconds

19

Patient 1
Patient 2
Patient 3

16
13
10

Baseline

C

2

t /mo

4

6

MELD score
24
20
Patient 1
Patient 2
Patient 3

16
12
8

Baseline

2

t /mo

4

6

Figure 1 Changes in serum albumin (A), prothrombin time (B), and MELD score
(C) during the study period.

urgent liver transplantation. After that, we prematurely
stopped the project. That patient had tense ascites and serum creatinine of 1.37 g/dL before undergoing the procedure. She probably had some degree of type 2 hepatorenal
syndrome at baseline, and radiocontrast nephropathy was
a triggering factor to progress to type 1 hepatorenal syndrome. We used nonionic low osmolal radiocontrast agents
which reduce the risk of contrast nephropathy in those
who are at increased risk for this condition[13,14]; although
such adverse effects could not be prevented in our patient.
We suggest that other routes of cell infusion (e.g. other
than hepatic artery) be considered in the future studies. An
alternative method would be to use carbon dioxide to visualize hepatic artery[15].
Recently, Gasbarini et al[16] reported successful portal
infusion of CD34+ stem cells in a case of drug-induced
acute liver failure. Also, Gordon et al[12] injected autologous
CD34+ stem cells through hepatic artery or portal vein in
5 patients with cirrhosis. In that study, the procedure was
safe, and 3 of 5 patients showed improvement in serum
bilirubin, and 4 of 5 in serum albumin after two months
follow up. Accordingly, in our study, we observed some
improvements in the serum albumin and PT in 2 of 3 patients at 6 mo of follow up. However, we are not sure if
such improvement was related to HSCs infusion or simply
related to the natural course of the disease in the patients.
www.wjgnet.com
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Although transplanted HSCs can generate hepatocytes,
it seems that it is a rare event[17]. There are controversies
in the mechanisms by which HSCs generate hepatoytes.
While, Wang et al[18] reported that cell fusion is the principle source of bone-marrow-derived hepatocytes; Jang,
et al[19] reported HSCs convert into liver cells within days
without fusion. The exact therapeutic role of HSCs in liver
cirrhosis should be evaluated in further controlled trials.
In our study, there was significant improvement in the
quality of life of all three patients at the end of follow up.
Such improvement may be related to the improvement of
liver function, or may be due to a placebo effect.
We have performed another phase 1 study of mesenchymal stem cell (MSC) transplantation in cirrhosis (Mohamadnejad et al 2006; Submitted for publication). The
results of our MSC transplantation were more promising
than this study of hematopoietic stem cell transplantation.
However, the efficacy of each type of bone marrow stem
cells in the improvement of liver function and quality of
life of the patients should be evaluated in further controlled trials.
One of the limitations of our work was the fact that
we did not track the infused HSCs in the patients’ bodies.
Although tracing of infused stem cell in the body seems
to be a complicated issue and the interpretation of tracing
studies has recently created a lot of controversies[20,21], it
is very important to understand the way stem cells act to
improve liver function. We are now planning to trace the
stem cells in our future studies.
In conclusion, we found that infusion of HSCs through
the hepatic artery in decompensated cirrhosis may marginally improve liver functions in some patients; however, it
may cause major side effects in the patients. In fusion of
HSCs through the hepatic artery may best be avoided in
further trials. Although, this study does not preclude infusion of CD34+ stem cells through other routes.
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Abstract
AIM: To evaluate the receptor protein which can
s p e c i f i c a l l y b i n d t o β 2 G PⅠo n t h e m e m b ra n e o f
hepatocellular carcinoma (HCC) cell line SMMC-7721,
and to study the biological function of the receptor.
METHODS: Through β2GPⅠ-affinity chromatography
column, the peptid-polysome-mRNA complex, which can
specially bind to β2GPⅠ, stayed with the column and
was separated from the whole polysome of liver cells,
and then eluted and collected. Using cDNA synthesis kit
and cDNA PCR kit, the corresponding cDNA was obtained
and sequenced. RT-PCR was used to amplify annexinⅡ,
and flow cytometry was used to study the competitive
binding of annexinⅡ with β2GPⅠto SMMC-7721.
RESULTS: A total of 1.1 kb of the cDNA fragment of the
specific binding protein of β2GPⅠon liver cell membrane
was obtained. The sequence of cDNA shared high
homology with human annexinⅡ (98%). AnnexinⅡ was
expressed on the membrane of SMMC-7721, and could
compete with β2GPⅠfor combining with SMMC-7721.
CONCLUSION: The receptor for β2GPⅠon membrane of
SMMC-7721 cells is annexinⅡ, which might bridge HBV
to infect hepatocytes.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
β 2 -GlycoproteinⅠ( β 2 GPⅠ) is an abundant plasma
glycoprotein. Because of its high affinity binding with
plasma phosphorlipid, it is also named apolipoprotein H.
It has been shown that β2GPⅠcould act as anticoagulant[1]
and is an important autoantigen in the antiphospholipid
antibody syndrome [2,3]. Up to now, it has been found
that β2GPⅠhas many other functions. In 1994, Mehdi
et at[4] demonstrated that β2GPⅠwas capable of binding
to recombinant hepatitis B surface antigen (rHBsAg),
suggesting that β2GPⅠmay facilitate entry of the virus
into hepatocytes. They also found that rHBsAg bound
to β 2 GPⅠvery poorly if β 2 GPⅠwas coated directly
on a microtiter well, or if it was presented in a soluble
form. While binding was 100-fold more efficient when
β 2GPⅠwas presented as a complex with monoclonal
antibody (mAb) P2D4. These results sug gest that
chemical modification of β2GPⅠmakes it highly reactive
with rHBsAg[5]. Recently it has been reported that β2GP
Ⅰ-HBsAg combining was relative to the presence of
hepatitis B virus markers and β2GPⅠbinding activity for
HBsAg was higher in sera from patients in the active virus
replication phase[6].
We have previously finished purification and evaluation
of formation of β2GPⅠ, and found that the level of antiβ 2GPⅠantibodies in patients with chronic hepatitis B
and post-hepatitis B cirrhosis was significantly increased,
thereby suggesting that β 2GPⅠcan take part in HBV
infection. In our previous studies, we also verified that
[7,8]
β 2GPⅠcould specifically bind to rHBsAg . Through
ligand blot analysis, fluorescence microscope and flow
cytometry, it was probably the first time to prove that there
exists a protein on SMMC-7721 cell membrane that can
bind to β2GPⅠwith specificity[9]. We concluded that the
protein may be the receptor of β2GPⅠ, and it might be
a carrier which can bridge HBV to invade hepatocytes. In
this study, we will evaluate the receptor on SMMC-7721
cell line that can bind to β2GPⅠwith specificity.

MATERIALS AND METHODS
Preparation of β 2GPⅠ -affinity chromatography column
Purified β 2 GP Ⅰwas preser ved in our laborator y.
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According to instructions of Epoxy-activated Sepharose
6B, the medium was suspended in distilled water. The
purified β2GPⅠwas dissolved in buffer solution, mixed
with gel granules for 16 h with shake cultivation at 37℃,
and then was packed in column. The column was washed
with buffer solution, distilled water, buffer solution A and
buffer solution B by turns in order to eliminate excess
β2GPⅠ. The remained active radical was blocked with
1 mol/L ethanolamine at 37℃. Protein in the collected
elutriant was quantitated with BCA methods.
Extraction of polysome of liver cells
All procedures were performed at 4℃. Under aseptic
conditions, connective tissue and fat was eliminated from
liver with scissors. Then the liver tissue was cut into scraps
and grinded in cell homogenizer. After being filtered
through stainless steel screen, the products were washed
with solution A (pH 8.0, 60 mmol/L sodium phosphate
buffer solution, 45 mmol/L NaCl, 55 mmol/L glycose,
1 μg/mL cycloheximide). The liver cells were counted, and
2 × 1010 cells were resuspended in solution B (pH 8.0, 60
mmol/L sodium phosphate buffer solution, 45 mmol/L
NaCl, 55 mmol/L glycose, 1 μ g/mL cycloheximide,
40 U/mL heparin, 10 mmol/L DTT). Then 10 mL of
solution C (pH 7.8, 50 mmol/L Tris-HCl, 300 mmol/L
NaCl, 10 mmol/L MgCl2, 1 μg/mL cycloheximide, 20 U/
mL heparin) and nonidet P-40 were added slowly to a final
concentration of 3.5 mL/L in order to split them. After
incubation for 5 min and centrifugation, the supernatant
was collected. Sodium deoxycholate of final concentration
of 3.5 mL/L was added to destroy microsome completely.
Remainder of supernatant was loaded at 65% (W/W)
sucrose in Buffer D (pH 7.6, 25 mmol/L Tris-HCl, 150
mmol/L NaCl, 5 mmol/L MgCl2, 20 U/mL heparin), then
ultracentrifuged at 5000 r/min for 2 h. The deposition was
resuspended in solution E (pH 7.6, 25 mmol/L Tris-HCl,
150 mmol/L NaCl, 5 mmol/L MgCl2, 1 mL/L nonidet
P-40, 1 μg/mL cycloheximide, 20 U/mL heparin), and
stored in liquid N2.
Affinity purification of mRNA of the receptor protein
According to manufacturer’s instructions, the β2GPⅠaffinity chromatography column was balanced with
solution A. The polysome extraction was slowly loaded
on the column repeatedly. After being processed for 1 h,
the column was washed with 20-30 volume solution E,
eluted with solution F (pH 7.6, 25 mmol/L Tris-HCl, 150
mmol/L EDTA, 20 U/mL heparin) in order to collect
the objective mRNA which can specifically bind β2GPⅠ,
and then 0.5 mol/L NaCl and 1 g/L SDS were added. The
above solution was loaded on oligo-dT cellulose column.
The oligo-dT cellulose column was washed with solution
G (pH 7.6, 25 mmol/L Tris-HCl, 500 mmol/L NaCl,
1 g/L SDS, 20 U/mL heparin), then eluted with solution
G without NaCl. The elutriant containing objective mRNA
was concentrated, washed, dissolved in sterile water, and
stored at -80℃.
Synthesis of double strands cDNA
Synthesis of 1 st strand cDNA: mRNA was treated
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at 65℃ for 5 min, and ice bathed immediately. A total
volume of 10 μL of reaction mixture contained 2 μL of
sample mRNA, 2 μL of 5 × 1st Strand Synthesis buffer,
1 μL of dNTP, 1 μL of RNase inhibitor, 1 μL of oligo
dT-RA primer, 1 μL of RAV-2 reverse transcriptase, 2 μL
of DEPC H2O. The reverse transcription was performed
for 10 min at 30℃, for 1 h at 42℃, and finally for 5 min at
80℃.
Synthesis and exter nal smoothing of 2 nd strand
cDNA: In aforementioned reaction mixture, 10 μL of 5 ×
2nd Strand Synthesis buffer, 20.5 μL of DEPC H2O and 1.0
μL of E. coli DNA Ligase Mixture were added and mixed
gently. After incubation for 1 h at 12℃, 1 h at 22℃, and
10 min at 70℃ in turn, the mixture was mixed gently with
2 μL of T4 DNA PolyMeraseⅠand kept at 37℃ for 10
min. Then 4 μL of Stop Solution was added to stop the
reaction.
Purification of double strand cDNA: The obtained
cDNA was extracted with phenylic alcohol/chloroform,
precipitated with isopropanol, washed with ethanol and
dried.
Ligation of cassete adaptor
After being dissolved in 5 μL of sterilized water, the above
sediment was mixed with 2 μL CA cassette adaptor and
6 μL of ligation solution gently. The reaction remained
at 16℃ for 30 min. Then 25 μL of 4 mol/L ammonium
acetate was added. The products was precipitated with
isopropanol and then dissolved in 30 μL of sterilized water
at -80℃.
PCR of the double strand cDNA
A total volume of 50 μL of PCR mixture contained 30
μL of prepared cDNA solution, 5 μL of 10 × Ex Taq
buffer, 4 μ L of dNTP mixture, 0.5 μ L of RA primer,
0.5 μ L of CA primer, 0.25 μ L of Takara Ex Taq and
9.75 μL of sterilized water. PCR mixture was subjected
to pre-denaturation at 94℃ for 1 min, followed by 35
amplification cycles of denaturation at 94℃ for 30 s,
primer annealing at 60℃ for 30 s and extension at 72℃
for 3 min. Finally, the PCR mixture incubated at 72℃ for 5
min, reaction was held at 4℃.
Sequencing
According to molecular clone, the PCR products were
purified and then linked to TA vector. The recombined
plasmid was transfected into receptive E. coli DH5 α .
Through blue-white screening, the positive colony was
obtained. Using plasmid extraction kit, the recombined
plasmid was extracted, and sequenced in the company.
Finally, the sequence was analyzed using BLAST.
Amplification of annexinⅡ from liver tissue by RT-PCR
According to manufacturer’s instruction (Invitrogen
Company), using Trizol reagent, total RNA was isolated
from cultured 1 × 107 SMMC-7721 cells and stored at
-70℃. In accordance with the instructions of AMV
reverse transcriptase, 20 μL of mixture, containing 20 μg
of total RNA, 2 μL of oligo (dT) and 18 μL of DEPC
H2O, was kept in a 200-μL micro-centrifuge tube, mixed
www.wjgnet.com
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gently and then heated at 70℃ for 5 min. After immediate
cooling on ice for at least 5 min, 5 μL of dNTP mixture,
10 μ L of AMV 5 × buffer, 2 μ L of Rnasin, 3 μ L of
AMV reverse transcriptase and 10 μ L of DEPC H 2O
were added to reach a total volume of 50 μL, followed by
incubation at 42℃ for 90 min, and then for 5 min at 95℃
for inactivation. Thus the RNA was reverse transcribed
into cDNA which was stored at -70℃. Referring to
mRNA of annexinⅡ from GenBank and following
principle of design for primers, a pair of primers was
designed: AAAAGATCTCCAGCTTCCTTCAAA (sense);
AAAGTCGACATTTCTGGACGCTCA (anti-sense). The
reaction system, containing 5 μL of 10 × buffer, 5 μL of
Mg2+, 4 μL of dNTP, 1 μL of each sense and antisense
primers, 10 μL of cDNA, 1 μL of Taq enzyme and 23
μL of DEPC H2O, was subjected for 40 amplification
cycles of denaturation at 94℃ for 1 min, annealing at 55℃
for 1 min and extension at 72℃ for 2 min, followed by a
final extension at 72℃ for 7 min. Ten microliters of PCR
product was electrophoresed on 10 g/L agarose gel.
Flow cytometry
Green fluorescent protein (GFP) and β2GPⅠlabeled with
GFP (GFP-β2GPⅠ) were gifted by Central Laboratory
of our hospital. SMMC-7721 cells are preserved in our
laboratory. About 9 × 10 6 of SMMC-7721 cells were
collected, washed and divided averagely into 9 tubes.
These 9 tubes were randomly divided into three groups,
3 tubes in each group: group A, group B and group C.
After being washed twice with PBS, each tube of cells was
added with 2 mL of BD FACS Permeabilizing Solution
and kept at room temperature for 10 min. Then they
were centrifuged to discard the supernatant. The cells
were washed with PBS again, and added with 0.45 mL of
buffer solution containing Ca2＋. Thereafter, groups A, B
and C were added with 0 μL, 0 μL and 10 μL of annexin
Ⅱ, respectively and kept at room temperature for 30 min.
Finally, 0.05 mL of GFP was added to the each tube of
group A, while 0.05 mL of GFP-β2GPⅠto each tube of
groups B and C. All tubes were kept at room temperature
for 2 h and washed twice with PBS, and then cells of each
tube were suspended in 0.4 mL of PBS and detected using
flow cytometry.

RESULTS
Couple rate of prepared β 2GPⅠ -affinity chromatography
column
Ten milligrams of purified β2GPⅠwas dissolved in couple
solution and mixed with gel granule for 16 h with shake
cultivation at 37℃. The excess β2GPⅠwas washed with
couple solution, distilled water, buffer solution A and
buffer solution B by turns and then was collected. The
quantity of excess protein in the eluted solution was
measured, which was 1.1 mg. So the couple rate was 89%.
The couple efficiency was good enough to be used for the
latter study.
Electrophoresis of RT-PCR products
With the β 2 GPⅠ-affinity chromatog raphy column
www.wjgnet.com
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Figure 1 Agarose gel
electrophoresis of RTPCR products. Lane 1:
DNA maker; Lanes 2, 3,
4: PCR products.

Figure 2 Comparison of the cDNA sequence of receptor of β2GPⅠwith annexinⅡ.

prepared by ourselves, the peptid-polysome-mRNA
which can specially bind to β 2 GPⅠconjugated with
β 2GPⅠon the column, and then was eluted. Through
cDNA synthesis kit, the first strand cDNA was obtained.
Then the double strand cDNA was acquired. Agar gel
electrophoresis confirmed that the molecular weight of
the cDNA fragment was 1.1 kb (Figure 1).
Gene sequencing and analysis of β 2GPⅠ -binding receptor
The recombined plasmid purified from positive cloned
bacteria was sequenced in Beijing Dingguo Biological
Technique Company. Then the sequence was analyzed for
its homology with GenBank BLAST. The results showed
that the sequence of cDNA shared high homology with
human annexinⅡ (98%) (Figure 2).
RT-PCR of annexinⅡ
RT-PCR was used to detect the expressions of β-actin
and annexinⅡ in HUVEC, SMMC-7721 and hepatoma
tissue (Figure 3). Lanes 3, 5 and 7 show β-actin expression.
It showed that the total mRNA of the three groups had
been extracted successfully. Lanes 2, 4 and 6 show a single
band of 1000 bp which represents annexinⅡ. Similarly,
HUVEC, SMMC-7721 and hepatoma tissue expressed
annexinⅡ.
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Competitive inhibition
Using flow cytometry, we proved that β2GPⅠlabeled with
GFP could bind to SMMC-7721. The binding rate of β2GP
Ⅰ-GFP with SMMC-7721 (66.81%) was significantly higher
than that of GFP with SMMC-7721 (1.16%) (Figure 4).
Once β2GPⅠ-GFP had been incubated with annexinⅡ
at room temperature in advance, the binding rate of β2GP
Ⅰ-GFP with SMMC-7721 dropped to 7.21% (Figure 4C).
Thus these results suggested that annexinⅡ could inhibit
the combination of β2GPⅠwith SMMC-7721.

DISCUSSION
Through cloning, recombining and sequencing the gene
of β2GPⅠ-bound receptor on membrane of SMMC-7721
cells, we found that the gene fragment of the receptor
shared high homology with human annexinⅡ (98%).
Moreover, annexinⅡ was found to exist on the membrane
of SMMC-7721 by RT-PCR. At the same time, we
validated that annexinⅡ could compete with β2GPⅠfor
combining SMMC-7721. Thus, it can be concluded that
the receptor specific for β2GPⅠmight be annexinⅡ.
AnnexinⅡ (Mr-36 ku) belongs to a family of Ca2+dependent membrane-binding proteins encoded by
some 20 different genes[10-12]. Annexins are structurally
related proteins, each of which consists of an N-terminal
“tail” and C-terminal “core” domain. The core domains
of different annexins are highly conserved and share
40%-70% homology. Usually annexinⅡ binds to S100A10
(p11), a Ca2+-modulated protein, to form tetramer. P11 can
adulate the binding activity of annexinⅡ for calcium ion or
phospholipids. It has been shown that the gene of annexin
th
Ⅱ lies on the 15 chromosome, and has a 1.4-kb conserved
encoding sequence. Despite the lack of a hydrophobic
signal peptide, the presence of annexinⅡ on cell surfaces
is well established. It has been proven that annexinⅡ
is affluent on endotheliocyte, monocyte/macrophage,
myeloid cell and some tumor cells. And approximately
4.3% of total endothelial annexinⅡ is associated with
the phospholipids on the external plasma membrane.
Annexin II has been implicated to possess many biological
functions in a variety of physiologic processes, such as
anti-inflammatory effect of glucocorticoid, calcium-
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Figure 4 FACS analysis revealed descent of the binding rate of GFP-β2GPⅠwith
SMMC-7721 after pretreatment with annexinⅡ.

dependent exocytosis, immune response, calcium transport
and phosphorlipase A2 regulation[12]. Recently, research has
suggested that annexinⅡ is an endothelial cell receptor for
tissue-type plasminogen activator (t-PA) and plasminogen
(PLG) [13-18] and can activate them. So under nor mal
conditions, annexinⅡ is an important modulation receptor
in coagulation-anticoagulation-fibrinogenolysis system.
Over-expression of annexinⅡ will evoke hyperfunction of
PLG and cause thrombosis and hemorrhage. As annexin
Ⅱ can act as second messenger in the modulation path
of cell division, it has also been found to be related to cell
proliferation and tumor growth. In addition, it has been
suggested that the expression disturbance of annexin
Ⅱ in many kinds of cancers accelerate carcinogensis and
metastasis.
With respect to the relationship between annexinⅡ
and virus infection, it has been elucidated that annexin Ⅱ
can serve as a receptor for cytomegalovirus and mediate
its infection [19] . Until now, there lacks report on the
relationship between annexinⅡ and HBV infection. Our
preliminary studies suggest that annexinⅡ is the receptor
of β2GPⅠ, and β2GPⅠcan bind to HBsAg. Therefore,
we speculate that annexinⅡ might have a potential role in
HBV infection. To evaluate validity of the hypothesis and
make sure which domain of annexinⅡ binds to β2GPⅠ
so as to bridge HBV infection, we will use phage display in
our further study.
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Abstract
AIM: To identify the difference in gene expression of
microphage (Mϕ) between normal spleen and portal
hypertensive spleen using cDNA microarrays and find
new gene functions associated with hypersplenism in
portal hypertension.
METHODS: The Biostar-H140s chip containing 14 112
spots of cDNAs were used to investigate the difference
of the expression. The total RNA extracted from
macrophages isolated from both normal spleen and
portal hypertensive spleen was reversely transcribed
to cDNA with the incorporation of fluorescent (cy3 and
cy5) labeled dCTP to prepare the hybridization probes.
After hybridization, the gene chip was scanned for
the fluorescent intensity. The differentially expressed
genes were screened. That was repeated three times,
and only the genes which had differential expression in
all three chips were considered to be associated with
hypersplenism in portal hypertension.
RESULTS: Eight hundred and ninety-six, 1330 and
898 genes were identified to be differentially expressed
in three chips, respectively. One hundred and twentyone genes (0.86%) were identified to be differentially
expressed in all three chips, including 21 up-regulated
genes and 73 down-regulated genes. The differentially
expressed genes were related to ionic channel and
transport protein, cyclin, cytoskeleton, cell receptor, cell
signal conduct, metabolism, immune, and so on. These
genes might be related to the hypersplenism in portal
hypertension.

CONCLUSION: The investigations based on cDNA
microarray can screen differentially expressed genes
of macrophages between normal spleen and portal
hypertensive spleen, thus may provide a new idea in
studying the pathogenesis of hypersplenism in portal
hypertension.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
It is reported that, compared with the macrophage (Mϕ)
in normal spleen, the Mϕ in portal hypertensive spleen
has a large amount of acid phosphatase, lysosome and
pseudopodium, and can destruct much more erythrocytes
and thrombocytes. This proved that the destruction of
hemocytes by Mϕ of spleen plays an important role in the
development of hypersplenism in portal hypertension[1,2].
Our previous studies suggested that phagocytosis of Mϕ
was augmented in hypersplenism in portal hypertension;
however, the specific mechanisms are not clear. In
this study, cDNA microarrays were used to detect the
difference in gene expression of Mϕ between normal
spleen and portal hypertensive spleen and find new
gene functions associated with hypersplenism in portal
hypertension in an attempt to explore the pathogenesis of
hypersplenism in portal hypertension.

MATERIALS AND METHODS
Materials
The excised human spleen specimens used in this
study were provided with the approval of the hospital
authorities. The experimental group included 3 cases
of excised human spleen of portal hypertension and
hypersplenism (all 3 cases had chronic hepatitis B), and the
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control group included 2 cases of excised human spleen
of traumatic splenic rupture.
Mϕ isolation and purification and total RNA extraction
Mϕ was isolated and purified by adherent culture[3]. Total
RNA was extracted from Mϕ by the TRIzol method[4].
Construction of cDNA microarray
The Biostar-H140s cDNA microarray provided by
Shanghai BioStar Genechip Inc., consists of a total of
14 112 human genes. The cDNA inserts were amplified
using the polymerase chain reaction (PCR) with universal
primers, and then purified according to standard
method. All PCR products were examined by agarose gel
electrophoresis to ensure the quality. Then the amplified
PCR products were dissolved in a buffer solution. The
solution with amplified PCR products were spotted onto
silylated slides (TeleChem International, USA) using a
Cartesian PixSys 7500 motion control robot (Cartesian
Technologies, USA). Glass slides with spotted cDNA were
hydrated for 2 h in 700 mL/L humidity, dried for 0.5 h at
room temperature, and UV crosslinked (65 mj/cm). They
were further processed at room temperature by soaking in
2 g/L sodium dodecyl sulfate (SDS) for 10 min, in distilled
H2O for 10 min, and 2 g/L sodium borohydride (NaBH4)
for 10 min. The slides were dried again and ready for use.
Probe preparation
The fluorescent cDNA probes were prepared through
reverse transcription and then purified according to the
protocol of Schena[5]. The total RNA of Mϕ was extracted
from 2 cases of normal spleen respectively, and then
was mixed as the control group. The total RNA of Mϕ
was extracted from 3 cases of portal hypertensive spleen
respectively, and each case was treated as the experimental
group. The probes from the total RNA of control group
was labeled with Cy3-dUTP, while those from the total
RNA of experimental group were labeled with Cy5-dUTP.
The probes were then mixed, precipitated and resolved in
a hybridization buffer.
Hybridization and washing
Microarrays were pre-hybridized with hybridization
solution containing 0.5 g/L denatured salmon sperm
DNA at 42℃ for 6 h. Fluorescent probe mixtures were
denatured at 95℃ for 5 min, and the denatured probe
mixtures were applied onto the pre-hybridized chip under
a cover glass. Chips were hybridized at 42℃ for 16-18 h.
The hybridized chips were then washed at 60℃ for 10
min each in the mixture of 5 mL/L solution 1 and 20
mL/L solution 2, and 50 mL/L solution 3, then dried at
room temperature for scanning (all reagents used in this
procedure were contained in the Chip Hybridization Kit
provided by Shanghai BioStar Genechip Inc.).
Detection and analysis
The chips were scanned with a ScanArray 4000 (Packard
Biochip Technologies, USA) at two wavelengths to detect
emission from both Cy3 and Cy5. The acquired images
were analyzed using QuantArray software (Packard
www.wjgnet.com

Figure 1 Scanning results of hybridized signals on gene chip. Color of spots in
image: high expression (red), low expression (green) and no change in expression
(yellow).

Biochip Technologies, USA). Ratios of Cy5 to Cy3 were
computed for each location on each microarray. Overall
intensities were normalized with a correction coefficient
obtained using the ratios of 96 housekeeping genes in each
chip. The intensities of each spot at the two wavelengths
represent the quantity of Cy3-dUTP and Cy5-dUTP,
respectively, hybridized to each spot. Thus, the ratio of
each spot represents the ratio of mRNA expression
abundance between the gene of Mϕ in normal spleen
and portal hypertensive spleen. The detection results
were described in both scanned microarray images and
microarray scatter plots. That was repeated three times,
and only the genes that had differential expression in all
three chips were considered associated with hypersplenism
in portal hypertension.

RESULTS
Scanned microarray images
In the scanned microarray images (Figure 1), red points
represent the higher expression genes of Mϕ in portal
hypertensive spleen than those in normal spleen, green
points represent the lower expression genes, and yellow
points represent the genes that have no change in
expression. The hybridization signal of chips is distinct and
balanced, indicating that the results are reliable. Compared
with the genes of Mϕ in normal spleen, a few genes of
Mϕ in portal hypertensive spleen were highly expressed,
some were lowly expressed, however most genes showed
no change in expression.
Microarray scatter plots
As indicated in the microarray scatter plots (Figure 2),
most genes show a concentrated pattern surrounding
the diagonal (red points), which means that the ratios
range from 0.5 to 2.0, and there is no difference in the
gene expression between nor mal spleen and portal
hypertensive spleen. However, the other genes are away
from the diagonal (yellow points), indicating that the ratios
are beyond the range of 0.5-2.0, and the difference in
the expression of those genes is not significant between
normal spleen and portal hypertensive spleen.
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Figure 2 Scatter plots of hybridized signals on gene chip.

Table 1 Differentially expressed genes up-regulated in
macrophages of portal hypertensive spleen

Table 2 Differentially expressed genes down-regulated in
macrophages of portal hypertensive spleen

GenBank No.

Gene name and description

GenBank No. Gene name and description

AF189009
BX537509

UBQLN2, ubiquilin 2
NET1, neuroepithelial cell
transforming gene 1
CRSP3, cofactor required for Sp1
transcriptional activation
ZNF189, zinc finger protein 189
Homo sapiens cDNA FLJ33408 fis,
clone BRACE2010550
TRIM37, tripartite motif-containing 37
ASK, activator of S phase kinase
PIK3R1, phosphoinositide-3-kinase,
regulatory subunit 1
Homo sapiens BCL2-associated
transcription factor 1 (BCLAF1), mRNA
DTX1, deltex homolog 1 (Drosophila)

NM_004830
AF025771
AK090727
BX537955
NM_006716
NM_181523
XM_376537
NM_004416

Average ratio
2.117
2.270
2.334
2.453
2.511
2.553
2.620
2.755

BC068441
NM_014909
BU732296
AK092248
NM_006254
BX648172
BM542499

2.993

BF240734

3.553

NM_003902
BM993772

Differentially expressed genes
There were 896, 1330 and 898 genes identified to be
differentially expressed in three chips, respectively; 121
genes (0.86%) were differentially expressed in all three
chips, including 95 genes which could be found in the
GenBank, the other 26 genes were not reported and
probably were unidentified novel genes. Among 95 known
genes, 1 gene (GenBank No: NM_012218) was related to
hepatitis B, and the other 94 genes might be those that
were differentially expressed between the Mϕ in normal
spleen and the Mϕ in portal hypertensive spleen, including
21 up-regulated known genes and 73 down-regulated
known genes. Ten differentially expressed genes that were
up-regulated in macrophges of portal hypertensive spleen
are listed in Table 1 and 18 differentially expressed genes
that were down-regulated are demonstrated in Table 2.

DISCUSSION
Since the microarray analysis was first reported by Schena[6]
in 1995, gene chips have been widely used in studying
the functions of genes. The results of this study proved
that gene chips can successfully profile changes in gene
expression on a genomic scale with low consuming, high
sensitivity and high-flux. In this study, cDNA microarrays
were used to detect the difference in gene expression of
Mϕ between normal spleen and portal hypertensive spleen

NM_005373
BX647757
NM_005781
AL832249
AK092130
AF466367
NM_001067
AF051151

Average ratio

IL1RN, interleukin 1
receptor antagonist
KIAA1036
Homo sapiens cDNA clone
UI-E-CI1-afo-e-04-0-UI 3', mRNA sequence
Homo sapiens cDNA FLJ34929 fis,
clone NT2RP7004728
PRKCD, protein kinase C, delta
OAZ2, ornithine
decarboxylase antizyme 2
Homo sapiens cDNA clone
IMAGE:5521023 5', mRNA sequence
Homo sapiens cDNA clone
IMAGE:4091885 5', mRNA sequence
FUBP1, far upstream element
(FUSE) binding protein 1
Homo sapiens cDNA clone
IMAGE:5869020 3', mRNA sequence
MPL, myeloproliferative
leukemia virus oncogene
SCML1, sex comb on
midleg-like 1 (Drosophila)
ACK1, activated
Cdc42-associated kinase 1
Homo sapiens mRNA;
cDNA DKFZp686P1077
LOC285378, hypothetical
protein LOC285378
Homo sapiens clone
KU011197 unknown mRNA
TOP2A, topoisomerase (DNA) Ⅱ alpha
TLR5, toll-like receptor 5

0.179
0.268
0.275
0.293
0.298
0.302
0.311
0.324
0.338
0.344
0.359
0.370
0.381
0.390
0.406
0.434
0.437
0.452

and find new gene functions associated with hypersplenism
in portal hypertension in an attempt to explore the
pathogenesis of hypersplenism in portal hypertension. No
similar study has been reported until now.
In order to obtain enough amounts of total RNA
and eliminate individual variation, the total RNA of Mϕ
extracted from 2 cases of normal spleen respectively was
mixed as the control group, and then was matched with
that of 3 cases of the experimental group to 3 matchpairs for the cDNA microarray analysis. The differentially
expressed genes were found to be related to ionic channel
and transport protein, cyclin, cytoskeleton, cell receptor,
cell signal conduct, metabolism, immune, and so on.
www.wjgnet.com
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PRKCD encoding protein kinase C delta[7] was found
down-regulated in the Mϕ of portal hypertensive spleen.
Protein kinase C delta plays an important role in regulating
IL-13-induced 15-lipoxygenase (15-LO) expression
in human monocytes and subsequently modulates the
inflammatory responses mediated by 15-LO products[8].
Besides, protein kinase C delta is related to monocytic
differentiation[9,10]. Those findings indicate that PRKCD
has a close relationship with the function of human
monocytes (including Mϕ). The mature dendritic cell (DC)
is considered to be the most potent antigen-presenting cell.
Regulation of the DC, particularly its survival, is therefore
critical. Bertho et al[11] found that MHC classⅡ-mediated
apoptosis of mature DC is produced by activation of the
protein kinase C delta isoenzyme. Thrombin can stimulate
the production of vascular adhesion molecule-1 (VCAM-1)
in endothelial cells, however, it is found to be mediated
by the signaling pathways invoved with protein kinase
C delta [12]. These findings indicate that PRKCD plays
an important role in inducing apoptosis and producing
cytokines. However, the effects of down-regulated
PRKCD on the Mϕ of portal hypertensive spleen remain
to be further investigated. IL-1 is an important mediator
of inflammation and tissue damage in multiple organs in
both experimental animal models and humans[13-15]. The
balance between IL-1 and IL-1Ra (interleukin 1 receptor
antagonist, IL-1Ra) in local tissues plays an important role
in the susceptibility to and severity of many diseases[16,17].
Treatment of rheumatoid arthritis (RA) with daily
subcutaneous injections of recombinant IL-1Ra protein
has been shown to be efficacious. Gene therapy with IL1Ra is being evaluated for the treatment of RA and other
human diseases[18]. IL1RN encoding IL-1Ra was found
down-regulated significantly (the average ratio was 0.179)
in the Mϕ of portal hypertensive spleen. This leads to
the imbalance between IL-1 and IL-1Ra, and it might be
related to the pathogenesis of hypersplenism in portal
hypertension, but the specific mechanisms need to be
further studied.
ASK encoding activator of S phase kinase was found
up-regulated in the Mϕ of portal hypertensive spleen.
Cdc7-Dbf4 kinase complexes, conser ved widely in
eukaryotes, play essential roles in initiation and progression
of the S phase. Cdc7 kinase activity fluctuates during
cell cycle, and this is mainly the result of oscillation of
expression of the Dbf4 subunit. Yamada et al [19] had
isolated and characterized the promoter region of the
human ASK gene encoding Dbf4-related regulatory
subunit for human Cdc7 kinase, and identified one ASK
promoter segment, which was sufficient for mediating
growth stimulation. In the Mϕ of portal hypertensive
spleen, the up-regulation of ASK may lead to the
activity enhancement (including phagocytosis) of Mϕ,
resulting in the pathogenesis of hypersplenism in portal
hypertension. Phosphatidylinositol 3-kinase (PIK3) is
a key step in the metabolic actions of insulin. One 85
KDa regulatory subunit of PIK3 is encoded by PIK3R1
(phosphoinositide-3-kinase, regulatory subunit 1). It was
proved that the expression of PIK3R1 was associated
with alterations in glucose/insulin homeostasis[20]. In our
study, PIK3R1 was found up-regulated significantly in the
www.wjgnet.com
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Mϕ of portal hypertensive spleen, indicating that more
insulin existed and the glycometabolism was enhanced in
Mϕ. Furthermore, enhancement of glycometabolism is
regarded as an index of enhanced cell functions, therefore
we presume that the up-regulation of PIK3R1 may cause
the functional enhancement of Mϕ in spleen. However,
the possible molecular mechanisms remain undiscovered.
Many differentially expressed genes of Mϕ between
normal spleen and portal hypertensive spleen have been
successfully screened by cDNA microarrays, providing
clues and targ et g enes in studying the molecular
mechanisms of pathogenesis of hypersplenism in portal
hypertension. However, the implication of the gene
expression needs to be further investigated.
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Abstract
AIM: To investigate anti-tumor activities and apoptosisregulated mechanisms of bufalin in the orthotopic
transplantation tumor model of human hepatocellular
carcinoma in nude mice.
METHODS: BEL-7402 cells of human hepatocellular
carcinoma were inoculated to form subcutaneous tumors,
and were implanted into the liver to establish orthotopic
transplantation tumor models of human hepatocellular
carcinoma in nude mice. Seventy-five animals were
randomized divided into five groups (n = 15). Bufalin
was injected intraperitoneally into three groups at doses
of 1.5 mg/kg (BF1), 1 mg/kg (BF2) and 0.5 mg/kg (BF3)
for d 15-24, respectively. The NS group was injected an
equal volume of saline as above and adriamycin was
injected intraperitoneally into the ADM group at a dose
of 8.0 mg/kg for d 15. Ten mice in each group were
killed at d 25 and the survival time in each group was
calculated. We also observed the morphologic alterations
in the myocardium, brain, liver, kidney and tumor tissues
by pathology and electron microscopy, measured the
apoptotic rate by TUNEL staining method, and detected
the expression of apoptosis-regulated genes bcl-2 and
bax by immunohistochemical staining and RT-PCR in
tumor tissues.
RESULTS: The tumor volumes in each group of bufalin
were reduced significantly (35.21 ± 12.51 vs 170.39
± 25.29; 49.83 ± 11.46 vs 170.39 ± 25.29; 83.99 ±
24.63 vs 170.39 ± 25.29, P < 0.01, respectively), and
the survival times were prolonged in group BF1-2 (31.8
± 4.2 vs 23.4 ± 2.1 and 29.4 ± 3.4 vs 23.4 ± 2.1, P <
0.05, respectively), and necrosis was mainly in severe
or moderate degree in group BF1-2. No morphological
www.wjgnet.com

changes were detected in the myocardium, brain,
liver and kidney tissues. Apoptotic characteristics
could be seen in group BF1-2. The positive rates of
bcl-2 and bax protein expression of each group by
immunohistochemical staining were 10.0%, 10.0%,
20.0%, 10.0% and 20.0%; 90.0%, 80.0%, 80.0%,
40.0% and 30.0%, respectively. Loss of expression of
bcl-2 mRNA in each group was to be found and the
density of bax mRNA was increased progressively with
increase of dose of bufalin by RT-PCR.
CONCLUSION: Bufalin has significant anti-tumor
activities in the orthotopic transplantation tumor model
of human hepatocellular carcinoma in nude mice with
no marked toxicity and was able to induce apoptosis
of transplanted tumor cells. This apoptosis may be
mediated mainly via up-regulating the expression of
apoptosis-regulated gene bax, which may be involved in
its anti-tumor mechanism of bufalin.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Apoptosis occurs in several pathological situations in
multicellular organisms and constitutes part of a common
mechanism of cell replacement, tissue remodeling, and
removal of damaged cells. Bcl-2 family plays a crucial role
in the control of apoptosis and can be classified into two
functionally distinct groups: antiapoptotic proteins and
pro-apoptotic proteins. Bcl-2, an antiapoptotic protein, is
known to regulate apoptotic pathways and protects against
cell death. Bax, a pro-apoptotic protein of that family, is
expressed abundantly and selectively during apoptosis and
promotes cell death. Increasing the ratio of bcl-2 to bax
has commonly been used to determine the induction of

Han KQ� et al. Anti-tumor activities of bufalin on human hepatocellular carcinoma in vivo

apoptosis in several tissues[1,2].
Bufalinfalin (Bufalin) is a toxic ligand extracted from a
traditional Chinese medicine Secretia bufonis, the molecular
formula of which is C24H3404 with a relative molecular
weight 386.5. Bufalin has the activities of inducing
differentiation and apoptosis of tumor cells. Research
on bufalin mainly involves tumor spectra of leukemia,
prostate cancer, gastric cancer and liver cancer, and is
confined to in vitro studies[3-11]. The results of our previous
studies[12] have showed that a μmol dose of bufalin was
able to produce a potent killing effect on human liver
cancer cells in vitro within 48 h.
The present study was to use a human hepatocellular
carcinoma in situ transplantation model of nude mice
to observe the anti-tumor activities of bufalin in vivo
and investigate the relation between this apoptosis and
expression of bcl-2 and bax and to provide the theoretical
and methodological basis for its clinical application in the
future.

MATERIALS AND METHODS
Experimental animals and strains
Eighty male BALB/Cnu/nu nude mice (aged 4-5 wk and
weighing 18-20 g) were provided by the experimental
animal center of Fudan University. The nude mice were
caged individually under specific-pathogen free (SPF)
conditions. The code number of the animals was SCKK
(Shanghai) 2004-0010. Eighteen male ICR mice (aged 4 wk
and weighing 10-22 g) were provided by the experimental
animal center of the Second Military Medical University.
Human hepatocellular carcinoma cell strain BEL-7402
(Shanghai Institute of Cell Biolog y of the Chinese
Academy of Sciences) was generation cryopreserved in
our laboratory.
Drugs
Bufalin (10.0 mg/via) was purchased from American
Sigma, and prepared to a 0.2 mg/mL concentration by
adding 0.5 mL anhydrous alcohol and injection water.
Adriamycin (ADM) (Wan Le Pharmaceuticals, Shenzhen,
Batch No. 0505E1) was prepared into a 1.0 mg/mL
concentration using normal saline.
Establishment of the in situ transplantation tumor model
The model was established by using the intrahepatic tunnel
implantation[13]. Cryopreserved human liver cancer cell
strain BEL-7402 was thawed, cultured in vitro to the log
growth phase, centrifuged and washed with PBS to prepare
to a concentration of 1 × 107 cells/mL. Each nude mouse
was inoculated with 0.2 mL of the strain subcutaneously
via the back. When the tumor grew to 1.0 cm in diameter,
the fish meat-like fresh tumor tissue was cut into 1.0 mm
× 2.0 mm pieces and implanted into the tunnel under
the capsule of the left lateral liver lobe by using a pair of
ophthalmologic forceps. The wound was slight pressed
with a cotton swab for hemostasis and closed.
Toxicity test
Eighteen ICR mice were equally divided into 3 dose
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groups: 2.0 mg/kg, 1.5 mg/kg and 1.0 mg/kg bufalin
intraperitoneally daily for 10 d. Weight, appetite and
behavior of the animals were observed. Anti-tumor dose
of bufalin was initially defined as 1.5 mg/kg, 1.0 mg/kg
and 0.5 mg/kg.
Grouping and management of the model
Exploratory laparotomy was performed in all animals 14
d after establishment of the model; the model success
rate was 100%. The 75 models were equally randomized
into five groups: the large-, middle- and small-dose groups
(group BF 1-3), the positive group (ADM group) and
the negative group (NS group). Drug administration was
initiated at 15 d after establishment of the model. Group
BF 1-3 was administered the drug according to the dose
groups of the toxicity test intraperitoneally daily from 15
to 24 d. The NS group received the equivalent amounts of
normal saline in the same way. The ADM group received
8.0 mg/kg intraperitoneally at d 15. At d 25, 10 of the 15
animals in each group were sacrificed. Blood sampling
from the eye ball was performed to test liver and kidney
functions and blood routine. Volume of the tumors was
measured. Tumor tissue, heart, liver, lung and kidney
specimens were taken for routine pathology and electron
microscopy observation. The remaining 5 animals in each
group were kept alive for observation of tumor-bearing
survival.
Indexes and method of observation
Tumor volume and tumor inhibitory rate: The longest
diameter (a) and shortest diameter (b) of the tumor body
were measured by using a slide gaud, and the tumor
volume was calculated according to the formula V = ab2/2;
the tumor inhibitory rate = (1-mean tumor volume of the
drug group/mean tumor volume of the control group) ×
100%; prolonged survival = (mean days of survival of the
drug group/mean days of survival of the control group-1)
× 100%. The survival time was defined as the day from
administering drugs to death. Histological examination:
The remaining tissue of each group was formalin fixed,
paraffin sectioned and HE stained for routine pathology
to observe any change in morphology and tumor necrosis.
Electron microscopic treatment: The tumor tissue was
fixed with 3% glutaral for 1-3 h, washed with buffer
solution, fixed with 1% osmium tetroxide for 1-2 h,
gradient dehydrated with acetone, Epon812 embedded,
uranyl acetate and lemon lead double stained, sliced,
and then stained for transmission electron microscopy
observation.
TUNEL assay
Tumor samples were cryopreserved in liquid nitrogen and
cut into 8-μm thick slices. Slices were fixed in ice-cold 80%
ethanol for 24 h, treated with proteinase K and 0.3% H2O2,
labeled with fluorescein dUTP in a humid box for 1 h at
37℃. Slices were then combined with POD-horseradish
peroxidase, stained with DAB and counterstained with
methyl green. Controls received the same management
except the labeling fluorescein dUTP. Cells were visualized
with a light microscope. The apoptotic index (AI) was
www.wjgnet.com
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calculated as follows: AI = number of apoptotic cells/total
number × 100%.
Immunohistochemical staining
Tumor samples were cryopreserved in liquid nitrogen, cut
into 8-μm thick slices and fixed by acetone. After washing
with PBS, slices were incubated in 0.3% H2O2 solution at
room temperature for 5 min. Slices were then incubated
with anti-bcl-2 or anti-bax monoclonal antibody (purchased
from Shanghai Biotechnology Co. Ltd) at a 1:300 dilution
at 4℃ overnight. After washed with PBS, the second
antibody, biotinylated antirat IgG, was added and cells were
incubated at room temperature for 1 h. After washing with
PBS, ABC compound was added and incubated at room
temperature for 10 min. DAB was used as the chromagen.
After 10 min, the brown color signifying the presence
of antigens bound to antibodies was detected by light
microscopy. Controls were managed as the experimental
group except for the incubation of primary antibody. The
positive criterion was defined as the positive rate must
exceed 5%, and the positive rate (PR) was calculated as
follows: PR = (number of positive cells/total number) ×
100%.
RT-PCR
Tumor samples were cryopreserved in liquid nitrogen and
total RNA was extracted. Concentration of RNA was
determined by the absorption at 260 nm. The primers for
bcl-2 mRNA, bax mRNA and β-actin were as follows:
β-actin (587 bp) 5’ CCAAGGCCAACCGCGAGAAGATG
3’ (sense); 5’ AGCGTACATGGTGG -TGCCGCCA 3’
(antisense); bcl-2αmRNA (266 bp) 5’ CCGAGATGTCCAGCCAGCT 3’ (sense); 5’ CAGTTCCACAAAGGCATCC
3’ (anti-sense); bcl-2βmRNA (727 bp) 5’
TAC G AC A AC C G G G AC ATAG T G 3 ’ ( s e n s e ) ; 5 ’
GAACGCTTTGTCCAGAGGAG 3’ (anti-sense) bax
mRNA (292bp) 5’ CGAGTGGCAGTGACATGT 3’
(sense), 5’ TCTTCTTCCAGATGGTGAG 3’ (anti-sense).
Polymerase chain reactions were performed in a 50 μL
reaction volume. RT-PCR reaction was run under the
following conditions: at 94℃ for 1 min, 1 circle; at 94℃
for 30 s, at 54℃ for 40 s, at 72℃ for 1 min, 32 circles; at
72℃ for 5 min, 1 circle. 15 μL PCR products were placed
onto a 15 g/L agarose gel and observed by EB staining
using the Gel-Pro analyzer.
Statistical analysis
Data analysis of variance was performed by SPSS 11.0 and
P < 0.05 was considered statistically significant.

RESULTS
Primary toxicity test
Transient convulsion was observed 5 min after the first IP
drug administration in half the animals of the 2.0 mg/kg
bufalin groups, short-term listlessness was observed after
the second injection, which was restored to normal 3-5
min later. No evident adverse reaction was observed in
the 1.5 mg/kg and less groups. No evident change was
observed in weight, appetite and behavior after 10 d of
drug administration. There was no treatment-related death.
www.wjgnet.com
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Table 1 Tumor volume, weight and tumor inhibitory rate preand post-treatment (mean ± SD, n = 10)
Group

Tumor
3
volume (cm )

Tumor inhibitory
rate

weight
(g)

Pre-treatment Post-treatment (%) Pre-treatment Post-treatment
BF1
BF2
BF3

43.50 ± 5.09
42.92 ± 4.10
43.00 ± 2.97

ADM 42.93 ± 4.23
NS
43.37 ± 4.82

35.21 ± 12.51a,c 79.3

20.94 ± 1.00

21.39 ± 1.62e

70.7

20.03 ± 1.16

21.48 ± 1.10e

83.99 ± 24.63

50.7

21.06 ± 0.94

21.57 ± 1.14e

55.17 ± 16.13a
170.39 ± 25.29

67.6
-

21.00 ± 1.00
20.95 ± 1.07

18.90 ± 0.77
20.40 ± 1.23

a,c
a

49.83 ± 11.46

a

P < 0.001 vs NS group; cP < 0.05 vs ADM group; eP < 0.05 vs ADM group.

Weight of tumor bearing mice and tumor volume pre- and
post-treatment
Table 1 shows that there was no significant difference
in tumor volume between these five groups (P > 0.05),
indicating that the tumor volumes before treatment were
comparable between these five groups. Compared with the
NS group, the tumors of the Bufalin and ADM groups
shrank significantly (P < 0.01), especially in the BF1
group with a tumor inhibitory rate of 79.3%. The tumor
inhibitory rate of the BF2 group, ADM and BF3 group
was 70.7%, 67.6% and 50.7%, respectively. The difference
between the ADM group and BF1 group and 2 was
significant (P < 0.05). There was no significant difference
in weight between the other groups and the NS group (P
> 0.05). Compared with the BF1-3 groups, the weight of
the ADM group decreased significantly (P < 0.05).
Mean survival and life prolonging rate after treatment
Tumor bearing survival of bufalin groups was prolonged,
and the difference was significant between group BF1-2 and
NS and ADM groups (P < 0.05), especially in group BF1.
Survival of ADM group was not significantly prolonged as
compared with the NS group (P > 0.05) (Table 2).
Observation of tumor necrosis
The in situ transplanted tumors were relatively regular,
shaping round or oval with complete or incomplete
capsules, mainly in the for m of infiltrating growth
(Figure 1). HE stain revealed defuse tumor tissue with
rich blood vessels in the interstitial and infiltrative liver
tissue around the edge of the tumor. The nucleus of the
liver cancer cell was large oval-shaped; there was more
chromatin; binucleolates were large and clearly visible;
there were more free ribosomes and more pathological
karyokinesis (Figure 2A). Severe necrosis was mainly seen
in the BF1-2 and ADM group, and mild necrosis in the NS
group (Figure 2B). There was less cytoplasm in tumor cells
of group BF1-3, where cell apoptotic signs were seen, such
as nuclei became pyknotic, chromatin was concentrated
and collected around the edge, and nuclei were cleft.
Ultrastructural change of tumor cells
Transmission electron microscopy revealed that in the NS
group the surface of the tumor cells was irregular; there
was more chromatin; large and clear binucleolates were
frequently seen; there was an increase in free ribosomes;
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Table 2 Mean survival and life prolonging rate of each group
(mean ± SD)
Group
		

n

BF1

5

31.8 ± 4.2a,c		

35.9

BF2

5

29.4 ± 3.4a,c		

25.6

BF3

5

28.4 ± 3.9c		

31.8

ADM

5

22.2 ± 1.6		

21.4

NS

5

23.4 ± 2.1		

-

Mean survival
time (d)

Life prolonging
rate (%)

P < 0.05 vs NS group; cP < 0.05 vs ADM group.

a

Figure 1 The orthotopic transplantation tumor model of human hepatocellular
carcinoma in nude mice on 14 d, tumor size is 0.5 cm × 0.5 cm.

A

B

A

B

Figure 2 A: Pathological changes of
the orthotopic transplantation tumor
cells of NS group in nude mice (×
200); B: Pathological changes of the
orthotopic transplantation tumor of
BF1 group in nude mice (× 100).

Figure 3 A: Ultrastructural changes
of the orthotopic transplantation
tumor of NS group in nude mice
(scanning electron microscope ×
10 000); B: Characteristic apoptosis
in the orthotopic transplantation
tumor cells of BF1 group in nude
mice (scanning electron microscope
× 10 000).

rich mitochondrion and endoplasmic reticulum were seen
in the cytoplasm (Figure 3A). In BF groups, cell shrinkage,
cytoplasm concentration, collection of concentrated
chromatin on the medial side of the nuclear membrane
in the form of masses or crescents with bubbling of
cytoplasm and apoptotic corpuscles (Figure 3B).

and B). The positive rates of bcl-2 and bax protein of
group BF 1-3, ADM and NS group was 10.0%, 10.0%,
20.0%, 10.0% and 20.0%; 90.0%, 80.0%, 80.0%, 40.0%
and 30.0% respectively by immunohistochemical staining
(P > 0.05, vs the NS group; P < 0.01 or P < 0.05, vs the NS
group, Table 3).

TUNEL assay
Positive staining was located in the nuclei (Figure 4). The
apoptosis index of group BF1-3, ADM and NS group was
10.60% ± 3.42%, 8.86% ± 2.96%, 5.87% ± 2.13%, 4.26%
± 2.12% and 3.28% ± 0.98%, respectively (P < 0.01 or P
< 0.05, vs the NS group).

RT-PCR
Loss of expression of bcl-2 mRNA in each group was
to be found and the density of bax mRNA was increased
progressively with the increase of dose of bufalin by RTPCR (Figure 6A and B).

Expression of bcl-2 and bax protein
Positive staining was located in the cytoplasm (Figure 5A

DISCUSSION
Until now, few chemotherapeutic drugs are effective
www.wjgnet.com
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Table 3 The expression of bcl-2 or bax protein of tumor tissues
in nude mice (mean ± SD, n = 10)

+

Positive
rate (% )

P

9
9
8
9
8

1
1
2
1
2

10
10
20
10
20

> 0.05
> 0.05
> 0.05
> 0.05
-

Group
BF1
BF2
BF3
ADM
NS

bcl-2

+

Positive
rate (%)

P

1
2
2
6
7

9
8
8
4
3

90a
80c
80c
40
30

< 0.01
< 0.05
< 0.05
> 0.05
-

bax

a

P < 0.01 vs NS group; cP < 0.05 vs NS group.

Figure 4 Apoptosis in the orthotopic transplantation tumor cells guided by bufalin
in nude mice (TUNEL × 100).

A

6

5

4

3

2

1

A
587 bp

292 bp

B

6

5

4

3

2

1

B
727 bp
587 bp
266 bp

Figure 6 Expression of bax mRNA (A) and bcl-2 mRNA (B) in apoptotic
transplanted tumor cells induced by bufalin.

Figure 5 A: Nagative expression of bcl-2 in the orthotopic transplantation tumor
group of nude mice (× 200); B: Positive expression of bax in the orthotopic
transplantation tumor group of nude mice (× 200).

in the treatment of human hepatocellular carcinoma
and it is necessary to look for new anti-hepatocellular
carcinoma drugs. Bufalin is a toxic traditional Chinese
medicine, mainly containing resibufogenin, cinobufagin,
cinobufotalin, bufotalin and bufalin, of which bufalin has
the strongest anti-tumor activities. Our previous studies
showed that bufalin had marked anti-tumor activities
on the human liver cancer cell lines SMMC-7721 and
BEL-7402[12], on the basis of which the present study used
the nude mice human liver cancer in situ transplantation
model to study the anti-tumor activities of bufalin
in vivo. The results show that tumor volumes were reduced
significantly in group BF1-2 (as compared with the NS
group, P < 0.01), tumor bearing survival was prolonged
www.wjgnet.com

significantly (compared with the NS group, P < 0.05),
and there was no significant change in weight (P > 0.05);
tumor volumes of group BF1-2 were reduced significantly
as compared with the ADM group (P < 0.05), and survival
of the animals in the ADM group was not significantly
prolonged (compared with NS group, P > 0.05) where
weight of the animals decreased significantly (compared
with the other groups, P < 0.05). Light electron microscopy
showed moderate and severe necrosis of tumor tissues in
group BF1-2, and moderate and mild necrosis in group
BF1. No morphological changes were found in the heart,
brain, liver, kidney and lung tissues; liver and kidney
functions and blood were not significantly affected (data
not shown). Transmission electron microscopy revealed
more apoptotic changes of tumor tissues in group
BF1-2. We assume that this is the result of the anti-tumor
activities of bufalin.
In studies using 10 μmol bufalin of the above concentrations to treat HL-60, ML-1 and U937 cell lines, Jing
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et al [14] found morphological changes seen in apoptotic
cells, which included cell shrinkage, chromatin aggregation,
cleavage, and formation of apoptotic corpuscles. No
cell apoptosis was observed in the experiment using
1 μmol/L bufalin to treat normal human monocytes and
polymorphic nuclear cells for 24 h. These results indicate
that the actions of bufalin in selectively inhibiting tumor
growth and inducing cell apoptosis are closely related. The
results of the present study demonstrated that bufalin has
the action of inducing apoptosis of in situ human liver
cancer cells.
The Bcl-2 family plays a crucial role in the control
of apoptosis. It has been found that the family includes
a number of proteins which have homologous amino
acid sequences, including antiapoptotic members such
as bcl-2 and bcl-xL, as well as proapoptotic members
including bax and bad[15,16]. Over expression of bax could
promote cell death[1,2,17]. Conversely, over expression of
antiapoptotic proteins such as Bcl-2 could repress the
function of bax[18,19]. Thus, the ratio of bcl-2 /bax was a
critical determinant of a cell’s threshold for undergoing
apoptosis[20]. In this study, we evaluated the effectiveness
of apoptosis in situ human liver cancer cells induced by
bufalin in vivo, this apoptosis might be mediated by upregulating the expression of apoptosis-regulated gene
bax and decreased the ratio of bcl-2/bax of human liver
cancer cells.
It is reported in the literature[21] that ID50 of bufalin is 2.2
mg/kg. Our pre-experiment also showed that 2.0 mg/kg
bufalin caused spasmodic seizures but did not cause toxic
death in mice. The results suggest that 1.5 mg/kg bufalin
would prove to be the appropriate anti-tumor dose. The
most appropriate dosage of bufalin for other tumors needs
to be further observed.
The results of the present study showed that bufalin
had marked anti-tumor activities and was able to induce
apoptosis which might be mediated by up-regulating the
expression of apoptosis-regulated gene bax and decreased
the ratio of bcl-2/bax in the human in situ liver cancer
transplantation model in nude mice with no evidence of
toxicity to the heart, lungs, liver, kidneys and brain. Bufalin’
s selective inhibition on tumor cell warrants further study
with respect to its anti-tumor effect in vivo, the optimal
dosage and the other related mechanisms.

REFERENCES
1
2

3

4

Ghobrial IM, Witzig TE, Adjei AA. Targeting apoptosis
pathways in cancer therapy. CA Cancer J Clin 2005; 55: 178-194
Chang HK, Shin MS, Yang HY, Lee JW, Kim YS, Lee MH, Kim
J, Kim KH, Kim CJ. Amygdalin induces apoptosis through
regulation of Bax and Bcl-2 expressions in human DU145
and LNCaP prostate cancer cells. Biol Pharm Bull 2006; 29:
1597-1602
Yamada K, Hino K, Tomoyasu S, Honma Y, Tsuruoka
N. Enhancement by bufalin of retinoic acid-induced
differentiation of acute promyelocytic leukemia cells in
primary culture. Leuk Res 1998; 22: 589-395
Yeh JY, Huang WJ, Kan SF, Wang PS. Effects of bufalin and

5
6

7

8

9

10

11

12
13

14

15

16

17

18

19

20

21

3379

cinobufagin on the proliferation of androgen dependent and
independent prostate cancer cells. Prostate 2003; 54: 112-124
Wu XX, Lu Q, Zhang M, Chen L, Xu RC, Chen XY. Apoptosis
of gastric cancer cells induced by bufalin. Jichu Yanjiu yu
Linchuang 2000; 20: 50-52
Chen XY, Hu WL, Xu RC, Chen L, Jin Q. Effect of buflin on
cytotoxicity and growth related gene expression of human
hepatoma cell line SMMC7721. Zhongguo Yaoli yu Dulixue
Zazhi 2001; 15: 293-296
Watabe M, Masuda Y, Nakajo S, Yoshida T, Kuroiwa Y,
Nakaya K. The cooperative interaction of two different
signaling pathways in response to bufalin induces apoptosis in
human leukemia U937 cells. J Biol Chem 1996; 271: 14067-14072
Masuda Y, Kawazoe N, Nakajo S, Yoshida T, Kuroiwa Y,
Nakaya K. Bufalin induces apoptosis and influences the
expression of apoptosis-related genes in human leukemia
cells. Leuk Res 1995; 19: 549-556
Watabe M, Kawazoe N, Masuda Y, Nakajo S, Nakaya K. Bcl-2
protein inhibits bufalin-induced apoptosis through inhibition
of mitogen-activated protein kinase activation in human
leukemia U937 cells. Cancer Res 1997; 57: 3097-3100
Zhu ZT, Jin B, Liu YP, Li YC, Lu XL, Tian X, Hou KZ.
Enhancement of all-trans retinoic acid-induced differentiation
by bufalin in primary culture of acute promyelocytic leukemia
cells. Zhonghua Neike Zazhi 2006; 45: 314-317
Tian X, Luo Y, Liu YP, Hou KZ, Jin B, Zhang JD , Wang S.
Downregulation of Bcl-2 and survivin expression and release
of Smac/DIABLO involved in bufalin-induced HL-60 cell
apoptosis. Zhonghua Xueyexue Zazhi 2006; 27: 21-24
Su YH, Yin XC, Xie JM, Gao B, Ling CQ. Inhibition effects of
three kinds of buotoxins on human SMMC-7721 and BEL-7402
hepatoma cells lines. Dier Junyi Daxue Xuebao 2003; 24: 393-395
Liang LJ, Lu MD, Huang JF, Lu HP, Peng BG, Zhou ZP.
Antiandrogen treatment for nude ice model with ectopic
transplanted human HCC. Zhonghua Yixue Zazhi 1998; 78:
299-300
Jing Y, Ohizumi H, Kawazoe N, Hashimoto S, Masuda
Y, Nakajo S, Yoshida T, Kuroiwa Y, Nakaya K. Selective
inhibitory effect of bufalin on growth of human tumor cells in
vitro: association with the induction of apoptosis in leukemia
HL-60 cells. Jpn J Cancer Res 1994; 85: 645-651
Konopleva M, Konoplev S, Hu W, Zaritskey AY, Afanasiev
BV, Andreeff M. Stromal cells prevent apoptosis of AML cells
by up-regulation of anti-apoptotic proteins. Leukemia 2002; 16:
1713-1724
Bellosillo B, Villamor N, López-Guillermo A, Marcé S, Bosch
F, Campo E, Montserrat E, Colomer D. Spontaneous and druginduced apoptosis is mediated by conformational changes of
Bax and Bak in B-cell chronic lymphocytic leukemia. Blood
2002; 100: 1810-1816
Chang WK, Yang KD, Chuang H, Jan JT, Shaio MF. Glutamine
protects activated human T cells from apoptosis by upregulating glutathione and Bcl-2 levels. Clin Immunol 2002;
104: 151-160
Chen GG, Lai PB, Hu X, Lam IK, Chak EC, Chun YS, Lau WY.
Negative correlation between the ratio of Bax to Bcl-2 and the
size of tumor treated by culture supernatants from Kupffer
cells. Clin Exp Metastasis 2002; 19: 457-464
Jang MH, Shin MC, Shin HS, Kim KH, Park HJ, Kim EH, Kim
CJ. Alcohol induces apoptosis in TM3 mouse Leydig cells via
bax-dependent caspase-3 activation. Eur J Pharmacol 2002; 449:
39-45
Pettersson F, Dalgleish AG, Bissonnette RP, Colston KW.
Retinoids cause apoptosis in pancreatic cancer cells via
activation of RAR-gamma and altered expression of Bcl-2/
Bax. Br J Cancer 2002; 87: 555-561
Jiangsu New Medical College. Dictionary of Chinese Materia
Medica. Shanghai: Shanghai Sci and Tech Pub, 1977: 84-85
S- Editor Liu Y L- Editor Alpini GD

E- Editor Ma WH

www.wjgnet.com

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

World J Gastroenterol 2007 June 28; 13(24): 3380-3383
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

RAPID COMMUNICATION

Study of circumferential resection margin in patients with
middle and lower rectal carcinoma
Ze-Yu Wu, Jin Wan, Jing-Hua Li, Gang Zhao, Lin Peng, Yuan Yao, Jia-Lin Du, Quan-Fang Liu, Zhi-Du Wang,
Zhi-Ming Huang, Hua-Huan Lin
Ze-Yu Wu, Jin Wan, Gang Zhao, Lin Peng, Yuan Yao, JiaLin Du, Quan-Fang Liu, Zhi-Du Wang, Zhi-Ming Huang,
Department of General Surgery, Guangdong Provincial People’s
Hospital, Guangzhou 510080, Guangdong Province, China
Jing-Hua Li, Zhong Shan Medical College, Sun Yat-sen
University, Guangzhou 510089, Guangdong Province, China
Hua-Huan Lin, Department of Pathology, Guangdong Provincial
People’s Hospital, Guangzhou 510080, Guangdong Province,
China
Supported by the Guangdong WST Foundation of China, No
2000112736580706003
Correspondence to: Dr. Ze-Yu Wu, Department of General
Surgery, Guangdong Provincial People’s Hospital, Guangzhou
510080, Guangdong Province, China. ljhde@163.com
Telephone: +86-20-83827812-60821 Fax: +86-20-83827812
Received: 2007-02-19
Accepted: 2007-03-21

Abstract
AIM: To clarify the relationship between circumferential
resection margin status and local and distant
r e c u r r e n c e a s w e l l a s s u r v i va l o f p a t i e n t s w i t h
middle and lower rectal carcinoma. The relationship
between circumferential resection margin status and
clinicopathologic characteristics of middle and lower
rectal carcinoma was also evaluated.
METHODS: Cancer specimens from 56 patients with
middle and lower rectal carcinoma who received total
mesorectal excision at the Department of General
Surgery of Guangdong Provincial People’s Hospital were
studied. A large slice technique was used to detect
mesorectal metastasis and evaluate circumferential
resection margin status.
RESULTS: Local recurrence occurred in 12.5% (7
of 56 cases) of patients with middle and lower rectal
carcinoma. Distant recurrence occurred in 25% (14
of 56 cases) of patients with middle and lower rectal
carcinoma. Twelve patients (21.4%) had positive
circumferential resection margin. Local recurrence rate
of patients with positive circumferential resection margin
was 33.3% (4/12), whereas it was 6.8% (3/44) in those
with negative circumferential resection margin (P =
0.014). Distant recurrence was observed in 50% (6/12)
of patients with positive circumferential resection margin;
conversely, it was 18.2% (8/44) in those with negative
circumferential resection margin (P = 0.024). KaplanMeier survival analysis showed significant improvements
in median survival (32.2 ± 4.1 mo, 95% CI: 24.1-40.4
www.wjgnet.com

mo vs 23.0 ± 3.5 mo, 95% CI: 16.2-29.8 mo) for
circumferential resection margin-negative patients
over circumferential resection margin-positive patients
(log-rank, P < 0.05). 37% T3 tumors examined were
positive for circumferential resection margin, while only
0% T1 tumors and 8.7% T2 tumors were examined as
circumferential resection margin. The difference between
these three groups was statistically significant (P =
0.021). In 18 cancer specimens with tumor diameter ≥
5 cm 7 (38.9%) were detected as positive circumferential
resection margin, while in 38 cancer specimens with a
tumor diameter of < 5 cm only 5 (13.2%) were positive
for circumferential resection margin (P = 0.028).
CONCLUSION: Our findings indicate that circumferential
resection margin involvement is significantly associated
with depth of tumor invasion and tumor diameter.
The circumferential resection margin status is an
important predictor of local and distant recurrence as
well as survival of patients with middle and lower rectal
carcinoma.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
It is well known that middle and lower rectal carcinomas
are of the most common carcinomas in China. However,
even after undergoing radical resection of primary
tumors and lymph nodes, about 5%-40% of patients
with rectal carcinoma report with local recurrence [1-5].
It has been reported that residual mesorectal metastasis
may be the most important factor of local recurrence[6,7].
In the current study, circumferential resection margin
was detected by pathological obser vation in cancer
specimens from 56 patients with middle and lower rectal
carcinoma. The associations of circumferential resection
margin status and local recurrence, distant recurrence as
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well as clinicopathologic characteristics of patients with
middle and lower rectal carcinoma were investigated. The
relationships between circumferential resection margin
status and clinicopathologic characteristics of middle and
lower rectal carcinoma were also evaluated.

Patients
Cancer specimens resected from 56 patients with middle
and lower rectal carcinoma who received total mesorectal
excision at the Department of General Surger y of
Guangdong Provincial People’s Hospital from November
2001 to July 2003 were studied. There were 37 men and 19
women, ranging in age from 30 to 86 years, with a mean
age of 60.5 years. None of these patients had received
preoperative chemotherapy or radiotherapy. There were 26
lower rectal carcinomas and 30 middle rectal carcinomas.
Patients with tumor diameter ≥ 5 cm were in 18 cases,
with tumor diameter < 5 cm in 38 cases. Low anterior
resection was performed in 40 patients, abdominal perineal
resection in 16 patients. According to the Ming’s criteria,
15 tumors were classified as expansive type carcinomas,
41 tumors classified as infiltrative type carcinomas. TNM
stage status: stageⅠin 5 patients, stage Ⅱ in 22 patients,
and stage Ⅲ in 29 patients. There were 14 patients
with poorly differentiated carcinoma, 37 patients with
moderately differentiated carcinoma, and 5 patients with
well-differentiated carcinoma.
Methods
Two pathologists who had no knowledge of the clinicopathological data observed the specimens independently.
If tumor cells were detected within 1 mm of the
circumferential margin, the status was classified as positive
circumferential resection margin[8].
Statistical analysis
Statistical analysis was performed by the Pearson Chisquare test to examine the associations of circumferential
resection margin status and local recurrence, distant
recurrence as well as clinicopathologic characteristics of
patients with middle and lower rectal carcinoma. The
relationship between circumferential resection margin
status and survival of patients with middle and lower
rectal carcinoma was evaluated by Kaplan-Meier survival
analysis and log-rank test. Statistical significance was
defined as P < 0.05.

RESULTS
Correlations between circumferential resection margin
status and local recurrence, distant recurrence as well
as survival of patients with middle and lower rectal
carcinoma
Local recurrence occurred in 12.5% (7 of 56 cases)
of patients with middle and lower rectal carcinoma.
Distant recurrence occurred in 25% (14 of 56 cases)
of patients with middle and lower rectal carcinoma.
Twelve patients (21.4%) had positive circumferential
resection margin. Local recurrence rate of patients with
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Figure 1 Correlation between circumferential resection margin status and survival
of patients with middle and lower rectal carcinoma (Kaplan-Meier survival analysis).

positive circumferential resection margin was 33.3%
(4/12), whereas it was 6.8% (3/44) in those with negative
circumferential resection margin (P = 0.014). Distant
recurrence was observed in 50% (6/12) of patients with
positive circumferential resection margin; conversely, it
was 18.2% (8/44) in those with negative circumferential
resection margin (P = 0.024). Kaplan-Meier survival
analysis showed significant improvements in median
survival (32.2 ± 4.1 mo, 95% CI: 24.1-40.4 mo vs 23.0 ± 3.5
mo, 95% CI: 16.2-29.8 mo) for circumferential resection
margin-negative patients over circumferential resection
margin-positive patients (log-rank, P < 0.05) (Figure 1).
Correlations between circumferential resection margin
status and clinicopathologic characteristics of patients
with middle and lower rectal carcinoma
The circumferential resection margin involvement
correlated significantly with depth of tumor invasion and
tumor diameter. 37% T3 tumors were examined as positive
circumferential resection margin, while only 0% T1 tumors
and 8.7% T2 tumors were examined as circumferential
resection margin. The difference between these three
groups was statistically significant (P = 0.021). In 18
cancer specimens with tumor diameter ≥ 5 cm 7 (38.9%)
were detected positive circumferential resection margin,
while in 38 cancer specimens with tumor diameter < 5
cm only 5 (13.2%) were positive circumferential resection
margin (P = 0.028). No significant correlations were found
between circumferential resection margin involvement
and other variables such as age (P = 0.815), gender (P =
0.961), diameter of tumor infiltration (P = 0.417), tumor
differentiation (P = 0.074), Ming’s classification (P = 0.372)
and lymph node metastases (P = 0.609) (Table 1).

DISCUSSION
After radical resection of rectal carcinoma, the circumferential resection margin on the non-peritonealized
surface of the resected specimen is of critical importance.
www.wjgnet.com
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Table 1 Correlation between circumferential resection margin
involvement with clinicopathologic characteristics of patients
with middle and lower rectal carcinoma
Circumferential resection
margin involvement
Variable
Gender
Male
Female
Age (yr)
< 60
≥ 60
Superficial diameter (cm)
<5
≥5
Diameter of infiltration
1/4
1/2
3/4
4/4
Ming’s classification
Expansive
Infiltrative
Depth of invasion
T1
T2
T3
Histologic differentiation
Well
Moderate
Poorly
Lymph node metastasis
Positive
Negative

n

Negative (%) Positive (%)

P

37
19

29 (78.4)
15 (78.9)

8 (21.6)
4 (21.1)

P = 0.961

25
31

20 (80.0)
24 (77.4)

5 (20.0)
7 (22.6)

P = 0.815

38
18

33 (86.8)
11 (61.1)

5 (13.2)
7 (38.9)

P = 0.028

8
16
18
14

7 (87.5)
14 (87.5)
14 (77.8)
9 (64.3)

1 (12.5)
2 (12.5)
4 (22.2)
5 (35.7)

P = 0.417

15
41

2 (13.3)
10 (24.4)

13 (86.7)
31 (75.6)

P = 0.372

6
23
27

6 (100.0)
21 (91.3)
17 (63.0)

0 (0)
2 (8.7)
10 (37.0)

P = 0.021

5
37
14

4 (80.0)
32 (86.5)
8 (57.1)

1 (20.0)
5 (13.5)
6 (42.9)

P = 0.074

29
27

22 (75.9)
22 (81.5)

7 (24.1)
5 (18.5)

P = 0.609

7.1%-35% of patients with rectal carcinoma were reportedly
identified circumferential resection margin involvement[3,8-10].
In the present study, circumferential resection margin
involvement in patients with middle and lower rectal
carcinoma who underwent radical resection and total
mesorectal excision were evaluated. 21.4% (12 of 56 cases)
of patients had positive circumferential resection margin.
The correlation between circumferential resection
margin status and local recurrence of patients with
rectal carcinoma is still controversial presently[10-13]. Wibe
et al [13] reported that positive circumferential resection
margin had a significant and major prognostic impact
on the rates of local recurrence of patients with rectal
carcinoma who underwent total mesorectal excision. After
a median follow-up of 29 (range 14-60) mo, the overall
local recurrence rate was 7% (46 of 686 patients): 22%
among patients with a positive resection margin and 5% in
those with a negative margin. However, Luna-Perez[10] et al
reported that circumferential resection margin involvement
was not correlated significantly with local recurrence of
patients with rectal adenocarcinoma (P = 0.33). Hall et al[11]
reported that local recurrence rate of patients with positive
circumferential resection margin was 15%, whereas it
was 11% in those with negative circumferential resection
margin. The difference between these two groups was not
statistically significant (P = 0.38). Our results demonstrated
that circumferential resection margin involvement had
significant correlation with local recurrence of patients
with middle and low rectal carcinoma. Local recurrence
www.wjgnet.com
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was more frequent in patients with positive circumferential
resection margin (4 of 12 cases, 33.3%), compared with
patients with negative circumferential resection margin
(3 of 44 cases, 6.8%) (P = 0.014). We conclude that the
circumferential resection margin status is an important
predictor of local recurrence of patients with middle and
low rectal carcinoma.
We also found that circumferential resection margin
involvement was significantly correlated with distant
recurrence and survival of patients with middle and
low rectal carcinoma. Distant recurrence was observed
in 50% (6/12) of patients with positive circumferential
resection margin; conversely, it was 18.2% (8/44) in
those with negative circumferential resection margin (P =
0.024). Kaplan-Meier survival analysis showed significant
improvements in median survival for circumferential
resection margin-negative patients over circumferential
resection margin-positive patients (log-rank, P < 0.05).
The consequences indicate that the circumferential
resection margin status is an important predictor of
local and distant recurrence as well as survival. For this
reason, the circumferential resection margin status should
be considered a major prognostic factor and should be
validated in future trials as an early alternative clinical
endpoint. Our results also support that histopathological
examination of resected specimens must include careful
assessment of the circumferential resection margin.
Many clinical studies reported the existence of
circumferential resection margin involvement in patients
with rectal carcinoma [8-15]. However, the relationships
between circumferential resection margin status and
clinicopathologic characteristics have not yet been
explored. Therefore, the main objective of this study was
to examine circumferential resection margin involvement
and explore its relationship with clinicopathologic
characteristics of patients with middle and lower
rectal carcinoma. The circumferential resection margin
involvement correlated significantly with depth of tumor
invasion and tumor diameter. Positive circumferential
resection margin was more frequent in T3 tumors (20 of
27 cases, 37%), compared with T2 tumors (2 of 23 cases,
8.7%) and T1 tumors (0 of 6 cases, 0%). The difference
between these three groups was statistically significant
(P = 0.021). 38.9 per cent (7 of 18 cases) of patients
with tumor diameter ≥ 5 cm were detected as positive
circumferential resection margin, while only 13.2% (5 of
38 cases) of patients with tumor diameter < 5 cm had
circumferential resection margin involvement (P = 0.028).
The result indicates that wider mesorectal excision should
be followed in the management of patients with T3 tumors
or tumor diameter ≥ 5 cm.
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Abstract
The coincidence of a gastrointestinal stromal tumor
(GIST) and a neuroendocrine tumor (NET) in
neurofibromatosis type 1 (NF1) is described only
five times within the literature. We report on a 63
year old Caucasian female with the rare condition of
neurofibromatosis type 1 coinciding with recurrent
gastrointestinal stromal tumor plus bilateral
pheochromocytoma (PCC). After a history of palpitations
and dizziness that lasted for years, a left adrenal
mass was detected by CT. Laparotomy revealed a
pheochromocytoma of the left adrenal gland while an
ileoterminal GIST was found incidentally intraoperatively.
After six months contralateral PCC and multiple recurrent
GIST were resected again. After four years the patient is
doing well without any signs of further recurrent tumors.
Discussion includes review of the literature.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Incidence of neuroendocrine tumors (NET) and gastrointestinal stromal tumors (GIST) is 0.5 and 1-2 respectively
www.wjgnet.com

in 100 000 persons per year. Prevalence of neurofibromatosis type 1 (NF1) is 1 in 3000 live births in Western Countries[1-3]. We report on a case with the rare condition of
neurofibromatosis Type1 (von Recklinghausen) coinciding
with GIST plus bilaterally pheochromocytoma (PCC).

CASE REPORT
A 63-year-old Caucasian female with NF1-was presenting with a history of recurrent palpitation and hypertension over 13 years associated with nausea and headache.
There was no family history of NF1. Recurrent diagnostic
check ups-(including specific cardiac and neurological
consultation)-did not explain the symptoms. Finally a CT
scan confirmed a tumor of the left adrenal gland, 5 cm in
diameter. Hormone analyses were nonspecific, with only
VMA slightly increased. Surgical resection of the tumor
including the left adrenal gland was performed (Figure 1)
via transversal laparotomy. In addition, a gastrointestinal
stromal tumor of 6.5 cm in diameter, incidentally found
within the ileoterminal mesenterial region (Figure 2) was
also completely resected. During preparation of the left
adrenal gland a hypertensive crisis occurred resulting in
hypotension after adrenalectomy. Both could be resolved
by anesthesiological intensive care support. After the operation the patient was referred to the intensive care unit
where she stayed for two more days.
Resected specimens
Left sided adrenal gland, 85 g in weight, 4.5 cm in diameter with a grey-tan colored cut surface including cystic
changes with hemorrhage compared to the yellow cortex
surrounding it and a small remnant of remaining adrenal.
In addition a 8.5 cm segment of the ileum with a solid
grayish tumor of 6.5 cm in diameter, which did not relate
to the mucosal surface, was removed. Immunohistochemistry confirmed pheochromocytoma of the left adrenal
gland with expression of the S100 protein; GIST of the
ileoterminal mesenterial region was verified by expression
of c-kit and CD34 but not S100 or sm-actin. MIB-1 staining showed a proliferative activity of 2% in tumor cells.
Six months after surgery, a routine control CT scan
showed contra-laterally a reemerging tumor of the right
adrenal gland and also a mass ventral of the left kidney
(Figure 3). Recurrently the patient’s blood pressure was
up to 200 mm Hg, associated with headaches and on and
off palpitations. Within six weeks the blood pressure
was reduced to low normal values by pharmacological
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Figure 1 Adrenalectomy specimen from the left side containing a sharply
circumscribed tumor (pheochromocytoma) of a x b cm in diameter. A: The intact
resectate; B: A cross section with partial cystic transformation on the right and
residual adrenal cortex at the periphery of the tumor.
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Figure 3 Computed tomography showing the right sided pheochromocytoma (A)
and the jejunal GIST (A and B).

B

Figure 2 Segmental resectate of the small bowel with a lobulated subserosal
tumor mass originating from the muscular bowel wall. A: The intact resection
specimen; B: A cross section perpendicular to the bowel axis.

alpha blockage. During this time the size of both tumors
persisted. Serum and urine levels of catecholamines and
VMA remained normal. Finally a transversal relaparotomy
was performed with enucleation of the tumor mass in the
right adrenal gland while preserving its cortical part. Approximately 20 cm distal of the duodeno-jejunal ligament
a jejunal tumor 3 cm in diameter was removed by resection
of the jejunal segment. In addition, seven small jejunal tumors measuring up to 2 mm were also resected. The post
operative follow up was inconspicuous without any complications.
Resected specimens of the second resection
subtotal resection of the right adrenal gland, revealing a
pheochromocytoma measuring 4.5 cm in diameter as well
as a solid, grayish-brown tumor of 2.8 cm in diameter in
a segment of the ileum as well as 7 small tumor nodules
with no relation to the mucosal surface confirmed as GIST
by immunohistochemistry.
During follow ups 40 mo and 48 mo after the second
operation, the patient feels well without any sign of neoplastic recurrence (CT) nor of any hyper-adrenergic symptoms.

BRIEF REVIEW OF THE LITERATURE:
GIST AND NET IN NF1
Neurofibromatosis
NF1 is an autosomally inherited neurofibromatosis occurring with an incidence of about 1 per 3000 births, equally
involving males and females. Genetically it is caused by
a mutation at the NF1 gene located on chromosome
17q11.2[2,3]. Its gene product-neurofibromin-acts as a tumor suppressor. Functionally neurofibromin reduces cell

proliferation by accelerating the inactivation of the protooncogene p21-ras, which plays a cardinal role in mitogenic
intracellular pathways[4,5]. Although genetic mutations have
been described and the responsible gene product-neurofibromin-has been fully characterized, no frequently recurring mutation has been identified, and diagnosis is still
based on established clinical criteria. The “classical triad”
of symptoms are “café au lait” spots (CALs), cutaneous
neurofibroma, and neoplasms of the peripheral or central
nervous system. Malignancies are found in 3% to 15% of
patients[2]. The frequencies of gastrointestinal complications in patients with NF1 disease are varying from 12% to
60% of cases and arise during midlife, later than cutaneous
lesion[6-8]. They usually occur in three principal forms: hyperplasia of submucosal or myenteric nerve plexus, GIST
and periampullary neuroendocrine tumors, sometimes
associated with pheochromocytoma[6]. The clinical onset
of these lesions, which mostly remain asymptomatic is in
general characterized by abdominal pain, obstruction or by
bleeding[2].
Epidemiology of GIST and NET in NF1: Only five
similar cases with the coincidence of GIST and NET in
NF1 have been published[9-13]. World wide in summary
there are now six cases of neuroendocrine tumors associated with gastrointestinal stromal tumors and neurofibromatosis-as listed in Table 1[9-13]. It was not clear yet whether
these coincidences are just accidental or if there might be a
deep underlying relationship of these diseases (see below).
Epidemiology of GIST in NF1: Patients
������������������
with NF1
have an increased risk of developing gastrointestinal
tumors including rare types such as GIST[7] and GISTs are
increasingly being recognized in association with NF1[14].
The incidence of GIST among NF1 patients is varying
from 3.9% to 25%, while the overall ratio of NF1 in GIST
patients counts up to 6% (10/167)[15,16].
Clinical characteristics of GIST in NF1: Initial
�����������������
clinical
manifestation varies: unspecific abdominal pain, palpable
abdominal mass, bowel obstruction and/or perforation
with a high rate of incidental or emergency cases. Initial
manifestation with gastrointestinal bleeding is common[7].
Depending on localization diagnostic procedures include
upper and lower endoscopy, CT and MRI scan[17]. GIST in
NF1 predominantly involving the small intestine including
the duodenum, while in two thirds of the patients like in the presented case - the tumors often occur in
multiples[15,16].
www.wjgnet.com
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Table 1 Review of the literature. Six cases with the coincidence of NET and GIST in Neurofibromatosis type 1 (NF1)
GIST
Location /
Diameter

NET
Location + Histology
/Diameter

36, m

Jejunum
3, 5 cm

60, m

Reference [no]/
year of publication

Surgery

Follow up /
outcome

Papilla of vater
n.i.
1, 2 cm

Duodeno-pancreatectomy

Two years/
well,
no recurrence

Duodenojejunal
n.i.

Pheochromocytoma
(bilateral)
n.i.

n.i.
(Article in Italian)

n.i.

64, f

Duodenum, Jejeunum,
Stomach
Numerous: 0.5-2 cm

Papilla of vater
Somatostatinoma
n.i.

Local resection

n.i.

Usui et al[11]
2002

43, f

Jejunum
3, 5 cm

Duodenum
neuroendocrine carcinoma
2, 7 cm

Duodeno-pancreatectomy

54 mo/
well

Kramer et al[12]
2005

60, m

Small bowel
numerous: cm

Pheochromocytoma
(bilateral)

n.i.

n.i.

Lisewski et al[13]
2006

63, f

Ileum
6, 5 cm
Jejunum (prerenal)
3 cm

Pheochromocytoma
(metachron, bilateral)
5 cm, left adrenal gland
right adrenal gland
3 cm

Adrenalectomy
intestinal
segment
resection
tumor resection
jejunal resection

48 mo/
well,
no recurrence

as presented
here

Patient
age, sex

Karatzas et al[10]
2000

Rizzo et al[9]
2001

n.i.: no information.

Table 2 Time follow up of the presented case
Time
0
9m

45 m

Tumor (size)
PCC (3 cm)
GIST (6.5 cm)
PCC (3 cm)
GIST (3 cm)
7 x GIST (2 mm)
No tumor

Localization
Left adrenal gland
ileo-terminal
Right adrenal gland
proximo-jejunal

Treatment
Adrenalectomy
segment resection
Tumor-resection
segment resection
tumor resection
Corticoid substitution

PCC: pheochromocytoma; GIST: gastrointestinal stromal tumor; m: month;
cm: centimetre; mm: millimetre.

Histology of GIST in NF1: The cross sectional imaging
appearance of GIST tumors that occur in patients with
NF1 is similar to that of gastrointestinal stromal tumors
that occur in the general population[15]. The majority of
these tumors are small and mitotically inactive; associated
Cajal cell hyperplasia is common[16].
Pathogenesis of GIST in NF1: Ligand independent activation of c-kit (90%-95%) or alternatively of PGGFR-A
(5%) is supposed to be the underlying pathogenetic mechanism of sporadic GIST. Different studies have shown that
KIT and PDGFRA mutations are rarely found in GISTs
in patients with NF1 suggesting that the pathogenesis of
GIST in NF1 patients is different from that in non-NF1
patients[14-16]. Some authors presume that Kit germline mutation might be implicated in the pathogenesis of GIST at
least in some NF1 patients[18]. Some authors discuss that in
the pathogenesis of GIST in NF1 the loss of heterozygosity on the long arm of chromosome 22 (22q)-(allelic losses
at 22q)-might be relevant because in 84% of these patients
they are associated with high mitotic activity[9,10].
First published in 2004 by Kinoshita et al[19] and more
www.wjgnet.com

recently confirmed by Maertens et al 2006[14] it is described
that mutations in the NF1-gene might be involved in the
pathogenesis of GIST in NF1 patients. In summary their
demonstrated data suggest that (1) the NF1-related GISTs
do not have KIT or PDGFRA mutations, (2) the molecular event underlying GIST development in this patient
group is a somatic inactivation of the wild-type NF1 allele
in the tumor and (3) inactivation of neurofibromin (NF1
gene) is an alternate mechanism to (hyper) activate the
MAP-kinase pathway, while the JAK-STAT3 and PI3KAKT pathways are less activated in NF1-related GIST
compared with sporadic GISTs. Maertens et al[14] conclude,
that was based on this molecular pathogenesis of GISTs in
NF1 individuals that this type of tumor clearly belongs to
the spectrum of clinical symptoms in NF1.

CONCLUSION
Predisposition of tumorgenesis in NF1 might be explained
by overexpression of p21-ras a tumor-suppressor-gene
called neurofibromin. Nevertheless the described concurrence of neuroendocrine tumor and gastrointestinal stromal tumor in NF1 is very rare (Table 2). In patients with
von Recklinghausen neurofibromatosis the appearance of
gastrointestinal symptoms should raise interest to search
for gastrointestinal tumors because these patients are at
risk for gastrointestinal neoplasms from which symptomatic patients are likely to experience significant morbidity.
In accordance with other authors we also recommend that
NF-1 patients with gastrointestinal symptoms receive further survey to rule out GISTs[14-16]. Further studies including molecular analysis to clarify the relationship between
gastrointestinal tumors-in particular GIST-and neurofibromatosis are needed.
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Abstract
A� �����������������������������������������������
73-year old man presented with abdominal pain.���
��
A
tumor with central ulceration was observed in the ileum
using�����������������������������
double-balloon enteroscopy.�����������������������
����������������������
Hist������������������
o�����������������
logical findings
of the biopsy specimens were consistent with malignant
lymphoma.� �������������������������������������
Double-balloon�����������������������
enteroscopy
����������������������
����������
confirmed�
the diagnosis of a
���������������������������������
malignant
�������������������������������
lymphoma tumor
������������
which
was surgically resected.����������������������������������
The patient i��������������������
���������������������
s still in complete
remission�����
now�.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The small intestine��������������������������������������
,�������������������������������������
only partially accessible with pushtype endoscopy, is the site of most undiagnosed lesions.
www.wjgnet.com

Enteroscopy with the double-balloon system, an
-3�]
endoscopic technique developed by Yamamoto et al[1���
,
enables examination of the entire small intestine with
simultaneous tissue sampling and a variety of therap������
eut���
ic
interventions. A case is described�������������������������
����������������������������������
in which double-balloon
en�����������������������������������������������������
ter��������������������������������������������������
oscopy was used to diagnose malignant lymphoma in
a patient with ab�������������
d������������
ominal pain.

CASE REPORT
A 73-year old man presented with a history of abdominal
pain during the previous year. T�����������������������
������������������������
he medical history was
otherwise insignificant; physical examination ���������
showed���a
tender point in the right lower abdomen and the vital signs
were within normal ranges. Laboratory test results included
the following: hematocrit, 33.3% (normal: 40.4%-51.1%);
Hb, 10.6 g/dL (14-18 g/dL); serum iron, 20 mcg/dL
(80-170 mcg/dL); serum ferritin, 183 ng/mL (30-400
ng/mL); LDH, 133 IU/L (119-211 IU/L); and slL-2R,
1207 U/mL (188-570 U/mL); test of stools for occult
blood were positive. Upper endoscopy�����������������
and�������������
colonoscopy
with intubation of the terminal ileum were performed,
but no abnormality was detected. Computed tomography
was performed�����������������������������������������
revealing�������������������������������
wall thickening and
��������������
localized
dilation of the ���������������������������������������������
ileum����������������������������������������
in the pelvis �������������������������
(Figure 1).��������������
�������������
In addition,
gallium-67 scintigraphy was performed and collection was
detected in the pelvis (Figure 2). �������������������������
A papillary t������������
umor �������
in�����
the
dilated �����������������������������������������������
ileum was also found���������������������������
��������������������������������
using the double-contrast
barium study of the small intestine (Figure 3). Enteroscopy
with the double-balloon system (EN-450P5/20;� ��������
Fujinon
Co, Ltd, Saitama City, Japan) was performed by anal
approach to evaluate the entire intestine.
Full and informed consent was obtained from the
patient before the procedure. The patient ingested 2L
polyethylene glycol-based solution the day before the
enteroscopic examination�������������������������������
, which was performed with the
patient under anesthesia. A papillary tumor, measuring 50
mm in diameter, was detected at������������������������
��������������������������
100 cm ����������������
proximal to�����
the
ileocecal valve (Figure 4). It took 1 h to reach the lesion.
Active bleeding was not from the tumor, thus, endoscopic
treatment was not required, and no additional lesions
were found in the proximal small intestine. The total time
for the complete procedure was 2 h. Fluoroscopy was
used to position the overtube (total radiography time�����
: ���
10
min). There w����������������������������������������
ere�������������������������������������
no procedure-related complications.
Histological findings from biopsy samples showed large
atypical lymphoid lymphocytes. Immunohistochemically,
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Figure 3 Double-contrast
barium study of the small
intestine, showing a papillary
tumor in the dilated ileum
(arrows).

Figure 1 Computed tomography, showing localized dilation of the small
intestine (arrows) in the pelvis.

Figure 2 Gallium-67 scintigraphy, showing
collection in the pelvis (arrow).

these lymphocytes������������������������������
were positive for CD3 (Figure 5).
Therefore, we confirmed the diagnosis of malignant
lymphoma, diffuse large B-cell type.
The patient underwent partial resection of the small
intestine� �����
(180 ������
mm in diameter).�
����������� ������������
Microscopic ���������
findings ���
of
the resected small intestine showed an elevated lesion
(110 mm ×
�� 85
������
mm ��
× 50
�������������������������������
mm) with central ulceration�
(Figure 6). Histologically, the tumor consisted of large
atypical lymphoid lymphocytes. The tumor developed
from the subserous mucosa and infiltrated bladder.
Immunohistochemically, the tumor cells were positive
for LCA, L-26, CD3 and UCHL-1. These findings
were consistent with the tumor diagnosis of malignant
lymphoma, diffuse large B-cell type.

DISCUSSION
Although the gastrointestinal tract is the most common
site of extra nodal malignant lymphoma, the small
intestine (duodenum, jejunum and ileum) is reported
������������
as
the site of origin for these lesions in only 15���������
%��������
-30% of
gastrointestinal lymphomas[��4�]. Small-intestinal lymphomas
are most often found in the duodenum 11%, jejunum 9%,
ileum 29%, and ileocecal area 51%[��5�]. Histopathologically,
B-cell lymphomas and T-cell lymphomas account for
85% and 15% of cases, respectively. Of the subtypes
of B-cell lymphoma described in the new World Health
Organization (WHO) classification, diffuse large B-cell

lymphoma (DLBCL) is the most frequent (68.9%)[��6�].����
The
overall prognosis of the more advanced stage of primary
small intestinal lymphoma is only fair, with an expected
5-year survival of 25% to 30%[��7�]. In a�������������������������
retrospective
�����������������������
analysis
of 32 cases of primary small bowel lymphoma treated with
either radical surgery plus polychemotherapy (early stages
of IE and IIE), the overall 5-year survival was 59%[��8�].
Malignant lymphoma in the small intestine is
difficult to diagnose in the early stages and
�������������
is often
found during emergency
�������������������������������������������
surgery
���������������������������������
in patients with a��������
������
small
bowel obstruction���������������������
��������������������
due
to two
�������������
reasons: ����������������
First, clinical
���������
manifestations of small-intestinal lymphoma����������
: anemia��
��������,
abdominal pain, change in bowel habit, occult blood in
stools, ������������������������������������������������
GI bleeding, obstruction and perforation (up to
25%) ������������������
are not ����������
specific.� �������������
Consequently
�����������������������������������
����
the
����������������������
��������
correct ����������
diagnosis
is delayed [��9�] : Second, e����������������������������
arly diagnosis
�����������������������
of malignant
lymphoma is also delayed due to the
���� difficulty
����������� in
��� accessing
����������
the small intestine with conventional upper endoscopy and
colonoscopy.�����������������������������������������
Computed tomography (CT) as a frontline
tool in the evaluation of abdominal symptoms can identify
large masses but is not suitable for the diagnosis of small
10�]
tumors[���
. Sm�����������������������������������������������
all-intestine radiography for the diagnosis of
tumors is often difficult because of the complex looped
configuration of the small intestine. ���
CT���������������������
��������������������
and sm��������������
all-intestine
radiography may
������������������������������������������
be diagnostic, especially in advanced
lesions, but they are relatively insensitive for early diagnosis
of curable small intestinal tumors. Recently,
�������������������
wireless
capsule endoscopy has made it possible to visualize the
11�]
small intestine[���
, but it has limitations such as the lack
of air insufflations������������������������������������
and��������������������������������
the unavailability of rinsing��.
Consequently, neither of these examinations can be used
to���������������������������������������������������
obtain biopsy specimens and carry out appropriate�
treatment��
s.
D���������������������������������������������
ouble-balloon enteroscopy is a new method of
insertion enteroscopy that can explore the small intestine,
with alternating steps of inflation and deflation of the
two balloons, and alternating insertion of the endoscope
and the overtube[��2�]. This approach enables the operator to
visualize the entire small intestine�������������������������
, identify masses at the
early stages and take
����������������������������������������
biopsy specimens�������������������
, the diagnosis of
which is an important tool in small intestinal tumor. The
exact classification(type and grade) of lymphoma can then
be determined and the most suitable treatment can be
administered. Consequently, the expected survival rate for
patients with malignant lymphoma��������������
����������������������
may increase.
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Figure 4 Double-balloon enterodoscopic examination, showing a
papillary tumor at 100 cm proximal to
the ileocecal valve.

A

Figure 5 A: Histological findings
demonstrated large atypical lymphoid
lymphocytes, (HE, x 400); B: Immunohistochemical analysis showed that
these lymphocytes were positive for
CD3. (CD3, x 400).

B

at�����������������������������������������������������
����������������������������������������������������
the�������������������������������������������������
early stages more
�����������������������������������
frequently��������������������
and administer the
most effective treatment based on diagnosis. As a result,
the expected survival rate for patient�����������������
s����������������
with malignant
lymphoma may increase.
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Abstract
To report a����������������������������������������������
n���������������������������������������������
extragastrointestinal stromal tumor (EGIST)�
that occurs outside the gastrointestinal tract and shows
unique clinicopathologic and immunohistochemical
features.� �������������������������������������������������
In our case, we experienced multiple soft tissue
tumors that originate primarily in the greater omentum,
and in immunohistochemical analysis, the tumors showed
features that correspond to malignant EGIST. Two large
omental masses measured 15���������������������
cm x����������������
�����������������
10
���������������
cm and 5 cm
���
× 4
��������������������������������������������������
cm sized and several small ovoid fragments were
attached to small intestine, mesentery and peritoneum.
On histologic findings, the masses were separated from
small bowel serosa and had high mitotic count (115/50
HPFs). In the results of immunohistochemical stains,
the tumor showed CD117 (c-kit) positive reactivity and
high Ki-67 labeling index. On mutation analysis, the c-kit
gene mutation was found in the juxtamembrane domain
(exon 11) and it was heterozygote. Platelet-derived
�����������������
growth factor receptor��������������������������������
(������������������������������
�������������������������������
PDGFR�������������������������
)������������������������
gene mutation was also
found in the juxtamemembrane (exon 12) and it was
polymorphism. From above findings, we proposed������
��������������
that
there may be several mutational pathways to malignant
EGIST, so further investigations could be needed to
approach this unfavorable disease entity.
© 2007 The WJG Press. All rights reserved.
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; G�������
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omentum��������������������������������������������������
; c-kit�������������������������������������������
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INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal tumors of the �����������������
gastrointestinal�
tract and they have unique clinicopathologic features of
positive reactivity for CD 117 (c-kit, a transmembrane
tyrosine kinase receptor) [1,2] . Mesenchymal tumors
of the omentum, mesenter y, and retroperitoneum
with immunohistochemical features of the GISTs are
classified� as
���������������������������������
extragastrointestinal stromal tumors
������� because
��������
these organs have no connection with the wall of the
gastrointestinal tract[3]. The incidence of EGSTs is less
than 10% of the GISTs group [3] and because of their
rarity, clinicopathologic and immunohistochemical features
of EGSTs are not fully elucidated.
In GIST, several studies have revealed various types of
c-kit oncogene mutations, including exon 11 encoding the
juxtamembrane domain, exon 9 encoding the extracellular
domain, exon 13 and 17 encoding the tyrosine kinase
domain [4].���������������������������������������������
��������������������������������������������
Moreover, the mutations of platelet-derived
growth factor receptor (PDGFR) at the juxtamembrane
domain (exon 12) and tyrosine kinase domain (exon 18)
were reported in some populations of GIST[5]. Also, c-kit
and PDGFR mutations in EGIST were reported in some
series[6].
Generally, ���������������������������������������
malignant������������������������������
GISTs metastasize to omentum
and mesentery, on the other hand, primary tumors may
develop in the omentum and mesentery[7,8]. The omental
EGIST was very rare and multiple�����������������������
�������������������������������
malignant EGISTs from
greater omentum had not been reported in recent papers.
So, in this paper we describe a case of multiple�����������
�������������������
malignant
EGISTs d����������������
e���������������
veloped in the ��������������������������������
greater omentum and investigate
their immunohistochemical and genetic features.

CASE REPORT
A 64-year old man was admitted to internal medicine
department due to right and lower quadrant abdominal
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A

Figure 1 Homo-genous hypovascular hypo-echoic mass lesions in the mesentery on ultrasonography.

B

Figure 3 A: Gross findings of the specimen: two irregular fragments of omental
tissue and several irregular fragments of soft tissue masses; B: Diffuse pale
brownish flesh-like appearance with multiple hemorrhagic necrosis on cut surface.

Figure 2 Lesions adjacent to small bowel loop in left abdomen and ill defined low
density cystic change on computed tomography.

m a s s. U l t r a s o n o g r a p hy r e ve a l e d mu l t i p l e r o u n d
homogenous hypovascular hypoechoic mass lesions in
the mesentery. The masses����������������������������
����������������������������������
were variable in size from
1 cm to 2.5 cm in diameter (Figure������������������
1). Preoperative
�����������������
computed tomography revealed 7cm and 5.5 cm sized
mass lesions adjacent to small bowel loop in left abdomen
and ill defined low density and cystic change in it. There
were multiple mesenteric and omental masses in right
abdomen that combined ill defined infiltration and streaky
density (Figure 2). The patient underwent preoperative
ultrasonography-guided biopsy with 18 gauge needle for
pathologic diagnosis and the result was highly suspicious
for extragastrointestinal stromal tumor and high cellularity,
high mitotic count, marked nuclear atypism and necrosis
supported the high risk nature of this tumor.
The results of immunohistochemical stains were
positive for Vimentin and c-kit (CD117) and negativities
for CK (Cytokeratin), SMA (Smooth muscle actin), S-100
protein, Desmin and CD34. The Ki-67 labeling index was
increased and the proportion was about 30�������
%������
-40%.
After transfer to our department���������������
�������������������������
, we perfor med
exploration so that multiple����������������������
��������� tumor
���������������������
de�������������
-������������
bulking was
performed. On operative findings, multiple tumor masses
were resected: about 5 cm sized whitish mass adjacent
to small bowel mesentery����
�������������
80 ������������������
cm distant distal to
�����������
Treitz`
ligament���������������������������������������������������
, two large soft tissue masses of 15 and 5cm sized
on greater omentum. A variable�������������������������
���������������������������������
sized numerous polypoid

masses were noted on the small and large intestines
mesentery and peritoneal surfaces;����������������������
���������� they
���������������������
were removed as
much as possible. On 60 cm distant proximal to ileocecal
valve, there was ��������������������������������������
conglomerated�������������������������
mass adhescent to small
bowel mesentery, so we performed segmental resection of
small intestine.
On gross findings, the specimen consisted of two
irregular fragments of omental tissue, it measured 15 ���
cm ��
×
10 cm
��� ×
�� ��������������������������������
5 cm in the larger one and 5 cm
��� ×
�� �����
4 cm
��� ×
�� �����
2 cm
in the smaller one and several irregular fragments of
soft tissue masses measured 6 cm
��� ×
�� 6.5
�������
���
cm ��
× 4��������
cm in
the largest one (Figure 3��������������������������������
A�������������������������������
). On section, the cut surface
showed diffuse pale brownish flesh-like appearance with
multiple�����������������������������������
hemorrhagic necrosis (Figure 3����
B���
).
On immunohistochemical findings, the spindle cells
showed cytoplasmic positive reactivity for CD 117 (c-kit)
(Figure 4��������������������������������������������������
A�������������������������������������������������
) and Ki-67 labeling index was increased (Figure
4����������������������������
B���������������������������
). On histologic findings, the
���� tumor
�������������������
was composed of
���
spindle cells showing a less developed fascicular pattern
and had a high mitotic activity, that is about 115/50 HPFs
mitotic counts (Figure 4���������
C �������
and ���
D��
).
M���������
utations of
�������������������
exons 9, 11, 17 of
��� the
����������
c-kit gene
���������
and those
������
of exons 12 and 18 of the PDGFRA gene were examined,
according to the PCR methods. In c-kit mutation,
there was heterozygote in exon 11, �������������������
s���������������������
h��������������������
owing���������������
GTT (val.) ���
to
GWT (val. + asp.) transition at codon 559 (Figure 5).
The mutation of PDGFRA exon 12 was also found to
be a polymorphism, showing CAA (pro.) to CCG (pro.)
transition at codon 567 (Figure 6).
After operation, the patient was discharged without any
postoperative �����������������������������������������
problem����������������������������������
and he was treated with imatinib
www.wjgnet.com
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Figure 4 A: The spindle cells
showed cytoplasmic positive
reactivity for CD 117 (c-kit) on
immunohistochemical findings;
B: Ki-67 labeling index was
about 30%-40% on immunohistochemical findings; C: The
tumor was composed of spindle
cells showing a less developed
fascicular pattern on histologic
findings (x 100); D: The tumor had
a high mitotic activity, about 115/50
HPFs mitotic counts on histologic
findings (x 400).

Figure 5 There was a
heterozygote on exon
11, showing GTT (val.)
to GWT (val. + asp.)
transition at codon 559 in
c-kit mutation.

Figure 6 There was a
polymorphism on exon
12, showing CAA (pro.) to
CCG (pro.) transition at
codon 567 in mutation of
PDGFRA.

mesylate (Gleevec®, Norvatis Pharma, Basel, Switzerland).
There was no recurrence of the tumor at the follow up
examination.

E-GISTs suggests either the presence of pacemaker cells
outside the gastrointestinal tract or the ability of the
mesenchymal elements to recapitulate this phenotype
aberrantly. In contrast to studies of GISTs, those of
EGISTs did not report any association between the tumor
size and outcome. It is believed that this can be best
explained by the fact that the majority of EGISTs are large
when first detected. This is �������������������������
because������������������
small EGISTs are
rarely encountered as they hardly ever produce symptoms
that lead to detection. Therefore, as Ortiz-Rey et al
[9]
reported, when first detected, many cases of EGISTs can
be accessible by a fine needle aspiration���������������
����������� biopsy
��������������
(FNAB).
In our case, we perfor med FNAB diagnosis and
the result was highly suspicious for the diagnosis of

DISCUSSION
EGIST is histologically and immunohistochemically
similar����������
to their gastrointestinal
�������������������������������������������
counterpart but they have
an aggressive��������������������������������������������
������������������������������������������������������
course resembling small intestinal stromal
tumors and they have no or little connection to the
abdominal��������������������������������
wall or serosal surface of the gastrointestinal
�����������������
tract[3].
Although the histogenesis of EGISTs has not been
determined, the expression of the c-kit receptor in
www.wjgnet.com
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extragastrointestinal stromal tumor. Although
���������������
GISTs
primary in the gastrointestinal tract commonly metastasize
in the omentum and mesenteries, often as multiple nodules,�
GISTs may also occur as primary tumors outside of the
gastrointestinal tract proper in other intra-abdominal
locations, especially in the omentum and mesentery[10].
In our case, preoperative diagnostic findings were
compatible with small intestinal GIST, and small bowel
segmental resection was performed because the tumor
was adhered to serosal surface of the intestine. But, in
pathologic reports, two large omental masses were primary
tumors and multiple nodules adjacent to small intestine
and peritoneal surface were proved to be met��������
a�������
static
lesions. So, final diagnosis was EGIST.
Prediction of the malignant potential of tumors is�
important. The size, cellularity, and mitotic activity of�
EGISTs ����������������������������������������������
were������������������������������������������
reported as the most accurate predictors�
of adverse outcome [7]. Reith et al [3] proposed that in a
multivariate analysis mitotic activity and necrosis displayed
trends toward ������������������������������
independent�������������������
predictive value.
In our case, the large size (about 15 cm), high mitotic
counts (115/50 HPFs) and extensive hemorrhagic necrosis
were malignant features, so this tumor belongs to high risk
group.
Recently, CD117 (the c-kit protooncogene protein
product) has been shown immunohistochemically in
E�����
GISTs [4]. CD117
����������������������������������������
is a transmembrane receptor for a
growth factor termed stem cell factor and is expressed
in hematopoietic stem c������������������
�������������������
ells, mast cells, ����������������
germ cells, and
melanocytes [1] .���������������������������������������
It is believed to be important in the
development and maintenance of these cell populations.
Further more, CD117 is present in a neural-related
population of gastrointestinal mesenchymal cells, the
interstitial cells of Cajal located in the muscular layers.
These cells are functionally important for gastrointestinal
motility and show pacemaker activity[4,6].�
Most��������������������������������������
�������������������������������������
omental and mesenteric tumors showed
histologic features similar to GISTs with elongated spindle
cells or epithelioid cells with high cellularity; most of
these tumors showed low mitotic activity[1]. Omental
������������
and
mesenteric GISTs were typically positive for CD117 and
less consistently for CD34. They often showed smooth
muscle actin reactivity but were virtually negative for
desmin and S-100 protein[10].
In our case, the results of immunohistochemical stains
were positive for c-kit protein, but showed negative results
for CD 34, SMA (smooth muscle actin), �������������������
and S��������������
-100 ���������
protein��,
E-cadherin. In Yamamoto's study[6], in EGIST, high Ki-67
labeling index (≥ 10% HPF) had significantly shorter
survival than those with a low index (≤ 10%). Our cases
showed high Ki-67 labeling index (about 30�����������
%-���������
40%) and
that result also showed high�������������
-������������
risk nature.
In recent studies, the PDGFRA mutation may play an
important role in the small population of EGISTs[6,7,11].
Until now, there was no report that one EGIST tumor
showed c-kit and PDGFRA mutations simultaneously�����
�������������������
. In
our case, tumor specimen contained �������������������
multiple�����������
c-Kit and
PDGFRA mutations, so it may be the first case reporting
two important genetic alterations in one tumor that
corresponds to malignant EGIST.
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From above findings, we proposed����������������
������������������������
that there may
be several mutational pathways to malignant EGIST, so
further investigations could be needed to approach this
unfavorable disease entity.
STI-571 (Gleevec) is a small molecule that selectively
inhibits the tyrosine kinase activity of the abl (bcr-abl),
PDGFR, and c-kit [12]. In our case, the patient is now�
treated�������������������������������������������������
with tyrosine kinase inhibitor for �������������
multiple�����
and
malignant chara�������������������������������������������
c������������������������������������������
teristics. Although the effect of STI-571
for PDGFRA-mutant GISTs has not been established,
PDGFRA may become a molecular therapeutic target of
STI-571 in at least some populations of EGISTs.
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Abstract
Gastrointestinal stromal tumor (GIST) represents the
most common kind of mesenchymal tumor that arises
from the alimentary tract. GIST is currently defined as
a gastrointestinal tract mesenchymal tumor showing
CD117 (c-kit protein) positivity at immunohistochemistry.
Throughout the whole length of the gastrointestinal
tract, GIST arises most commonly from the stomach
followed by the small intestine, the colorectum, and
the esophagus. Only 3%-5% of GISTs occur in the
duodenum, and especially, if GIST arises from the C
loop of the duodenum, it can be difficult to differentiate
from the pancreas head mass because of its anatomical
proximity. Here, we report a case of duodenal GIST,
which was assessed as a pancreatic head tumor
preoperatively.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Gastrointestinal stromal tumor (GIST) is currently defined
as a gastrointestinal tract mesenchymal tumor containing
spindle cells (or less commonly epithelioid cells or rarely
both) and showing CD117 (c-kit protein) positivity[1-3].
Being a rare entity, GIST represents the most common
subset of mesenchymal tumors that arise from the
alimentary tract[1]. Primary GIST is solitary rather than
multiple. GISTs are common in the stomach (60%-70%
of cases), small intestine (30%), and rarely from the the
rectum (5%), esophagus, colon and appendix[1-3]. There are
also sporadic reports of GIST arising from the omentum,
mesentery, and retroperitoneum.
Duodenal GISTs comprise less than 5% of all cases
and it can be diagnosed under upper gastrointestinal
endoscope due to formation of a gross ulceration in the
mucosa or an intramural mass with a centrally ulcerated
umblication[4]. However, if there are no specific mucosal
changes in the duodenal lumen or presence of anatomical
variation, it may be difficult to differentiate a duodenal
GIST from a malignant lymphoma, duplication cyst,
retroperitoneal tumor, or pancreatic head tumor. We report
herein a rare case of a duodenal GIST masquerading as a
pancreatic head tumor with history of gastric surgery due
to early gastric cancer.

CASE REPORT
An asymptomatic 49-year-old man who underwent gastric
resection was admitted to our center for the evaluation of
an incidentally found pancreatic head mass. Two years ago,
the patient was diagnosed with early gastric cancer and
underwent subtotal gastrectomy and gastroduodenostomy.
The histological examination revealed 2.5 cm × 1.5
cm sized poorly differentiated adenocarcinoma with
confinement to the mucosa, free of resection margin,
and free of lymph node involvement. Thereafter, the
patient has been examined with endoscopic and radiologic
evaluation at regular intervals. On admission, the patient
appeared well-nourished, and physical examination
findings were unremarkable. Laboratory examinations
including peripheral blood cell count, blood chemistry, and
serum tumor markers were within normal limits. Duodenal
endoscopy, performed by an experienced endoscopist,
neither showed mucosal nor submucosal abnormalities
in the duodenum (Figure 1), nor any evidence of gastric
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Figure 1 Duodenal endoscopy neither showed an intraluminal mass nor a
mucosal abnormality under good visualization to the fourth part of the duodenum.

Figure 3 The CT scan of upper abdomen showed an intense homogenously
enhancing tumor with 2.3 cm in diameter in the pancreatic head region (arrow).

Figure 2 Abdominal ultrasound showed 2.3 cm sized, oval-shaped hypoechoic
solid nodule around the uncinate process of the pancreas (arrow).

Figure 4 Macroscopic appearance of the resected specimens; a round yellow
gray colored tumor of cut surface (arrows) indicated the submucosal mass growing
outwards towards the duodenal lumen.

cancer recurrence in the remnant stomach. Abdominal
ultrasonography revealed 2.3 cm sized, oval-shaped
hypoechoic solid nodule around the uncinate process of
the pancreas (Figure 2) and the computed tomography
scan showed a tumor in the uncinate portion of the
pancreas, measuring 2.3 cm in diameter. The tumor was
well-demarcated and strongly enhanced on contrastenhanced CT images (Figure 3). On the basis of above
findings, the presence of a tumor in the uncinate process
of the pancreas, most likely a non-functioning islet cell
tumor, was strongly suspected.
At laparotomy, a 2.3 cm sized soft tissue lesion was
found lying between the second and third parts of the
duodenum and mobilization of the duodenum revealed
a tumor protruding from the duodenal wall, posterior
to the head of the pancreas with a minimal adhesion.
After dissection of the inferior portion of the pancreas
head from the duodenal wall, segmental resection of the
duodenum and duodenojejunostomy was performed.
Macroscopic examination of the surgical specimen
showed a well-demarcated round yellowish mass measuring
2.3 cm in maximum diameter (Figure 4). The tumor
arose from the muscularis propria of the duodenum,
and extended outwards to the lumen. Under microscopic
examination, the tumor showed spindle cells with rare
mitotic figures on the H&E stained tissue sections (Figure 5).
Immunohistochemical study revealed positive staining

for c-kit protein and CD34, but negative reactions to
α-smooth muscle actin (Figure 6). Based on the above
findings, the tumor was finally diagnosed as a GIST with
low-grade malignancy originating from the duodenum.
The postoperative course proved unremarkable and
further treatment was felt to be unnecessary. Clinical
follow-up was on-going at the time of this report without
any evidence of recurrence.

DISCUSSION
Gastrointestinal stromal tumors are low-grade malignant
mesenchymal tumors of gastrointestinal tract and are
believed to originate from the neoplastic transformation
of the interstitial cells of Cajal from their precursors[5].
Mesenchymal tumors developing from the gastrointestinal
tract had been believed to be of neuronal or muscle cell
origin. However, recent immunohistochemical studies
have shown that most tumors showing no typical staining
for muscle type or neuronal type cells could be classified
as GISTs, which are now defined as tumors showing the
expression of a specific, c-kit proto-oncogene product
(CD117); that is, a receptor tyrosine kinase protein (KIT)[6,7].
Approximately 70% of all GISTs are positive for the
CD34 protein, which is a hematopoietic progenitor cell
antigen[8], while 20%-30% are positive for SMA, 10% are
www.wjgnet.com
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Figure 5 A well-defined subserosal duodenal GIST showing interlacing fascicles
of the spindle cells with elongated cytoplasm (H&E stain; A: × 20, B: × 200).

positive for S-100 protein, and fewer than 5% are positive
for desmin, which is the intermediate filament protein of
smooth, skeletal, and cardiac muscle cells[1].
GISTs can occur throughout the gastrointestinal
tract, but may also occur in the peritoneum and
extrag astrointestinal sites. Duodenal GISTs most
frequently involve the second portion of the duodenum,
followed by the third portion, fourth portion, and first
portion [4]. Although many of duodenal GISTs extend
from submucosal or muscularis propria to external
aspects (58 tumors out of 156 duodenal GISTs), most
of them comprise a gross ulceration of the mucosa
with a component that bulged underneath the mucosa
coincidentally, which helps in the detection of the tumor
upon endoscopic examination[4]. With the present patient,
the tumor showed transmural growth outwards towards
the lumen, and there was no specific intraluminal mucosal
changes or visible mass in the duodenum.
An extensive review of the English-language literature
regarding GISTs revealed only one report of a duodenal
GIST with the unusual features observed in this patient.
The preceding report showed minimal epithelial changes in
the intraluminal surface of the duodenum with the tumor
exhibiting transmural growth into the pancreatic tissue[9].
These features are rare, and it was difficult to differentiate
the organ from which the tumor originated, on the US and
CT images. Thus, at first, we considered the tumor to be a
nonfunctioning islet cell tumor originating in the pancreatic
head indicated by its well enhanced characteristics of the
tumor on contrast-enhanced CT images.
The clinical presentations of duodenal GIST are
highly variable according to their size and the existence
www.wjgnet.com
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Figure 6 The tumor cells react positively for CD34 (A: × 200) and c-kit (B: × 200)
while negative for SMA (C: × 100) on immunohistochemistry.

of mucosal ulceration. According to the previous report,
duodenal GISTs most commonly present GI bleeding,
epigastric pain, palpable mass, and intestinal obstruction[4].
Small tumors, especially which are not accompanied
by mucosal ulceration, are usually incidental findings
upon operation, endoscopy or imaging studies for other
reasons. Endoscopy may be diagnostic in duodenal GIST.
However, in this case, it was unable to detect the duodenal
tumor despite adequate visualization of the duodenum.
This may have been due to the relatively smaller diameter
and outward growth of the tumor without for ming
intraluminal mass or centrally ulcerated umbilication.
CT and MRI seemed to be the best imaging modalities
for assessment of the primary lesion and detection of
metastases. Although their relative usefulness depends
on the site of the GIST, CT is particularly useful for
small bowel or omental GISTs that are not accessible
by endoscopy [10]. On CT, GISTs may vary from small
homogenous masses to large necrotic masses. Small
tumors typically appear as sharply-marginated, smooth-
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walled, homogenous, soft tissue masses with moderate
contrast enhancement. On the contrary, large tumors
tend to have central necrosis and cavitations, as well
as heterogenous enhancement [11] . Lymphadenopathy
is unusual with GISTs and, if present, should raise an
alternative diagnosis of lymphoma or adenocarcinoma[10].
In the present patient, although the tumor had consistent
imaging features of GIST, it did not show a typical growth
pattern of duodenal GISTs and the tumor was located
at the C loop of the duodenum that abuts the head and
uncinate process of the pancreas. With such features, it
is difficult to differentiate GISTs from other types of
pancreatic masses, especially pancreatic islet cell tumors,
which also show a hypervascular mass on CT scan.
Optimal surgical treatment of GISTs entails complete
removal of the tumor with clear surgical margins including
adjacent involved organs[12,13]. Because local and regional
lymph node involvement are infrequent in GISTs, smaller
gastric GISTs are adequately treated utilizing wedge
resection instead of formal gastrectomy [12]. Similarly,
local or segmental resection should be considered in the
treatment of small duodenal GISTs when technically
feasible[13]. Resection of the tumor with primary closure
can be performed for smaller lesions if the resulting lumen
is adequate and the ampulla of Vater can be preserved.
Segmental duodenectomy with duodenojejunostomy
can be performed for larger tumors located in the infraampullar y portion. When the duodenal GISTs are
located at the second portion of the duodenum, major
resection via a pancreaticoduodenectomy or a pancreassparing duodenectomy is indicated. In this patient, we
performed segmental resection of the duodenum with
duodenojejunostomy because the tumor was located below
the second portion of the duodenum and was relatively
larger in size (> 2 cm) as a duodenal GIST.
Based on Fletcher’s criteria defining the risk of
malignancy[2], we assessed the degree of malignancy of
our patient as a low grade malignancy because the tumor
was smaller than 5 cm and had rare mitotic features.
The location of the tumor, however, may be one of the
important prognostic factors, especially in GISTs arising in
the small intestine, which showed more malignant behavior
even at low level mitotic activity than GISTs developing in
the stomach[14]. Additionally, Miettinen et al[4] reported that
duodenal GISTs with > 2 cm but not > 5 cm in diameter
and a low mitotic rate had a low frequency of malignant
behavior even ten years after excision of the primary
tumor. Thus, the occurrence of relapse necessitates longterm follow-up for this patient and it is hoped that a
consensus on duodenal GIST prognosis and predictive
markers will be established in the near future.
Our patient also had an early gastric cancer and
resulting in a subtotal gastrectomy. Thereafter, a duodenal
GIST was discovered incidentally. Some reports have
described the concurrence of GISTs and other malignant
tumors such as renal cell carcinoma, gallbladder cancer,
gastric cancer, and gastric lymphoma [15]. Furthermore,
about 10% of patients with GISTs have a history of
synchronous or metachronous malignant neoplasms.
However, the relation of GISTs with another tumor is still
unknown as to whether this phenomenon is caused by
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genetic abnormalities or random coincidences in patients
with GISTs. Supplemental genetic studies of the relation
between GISTs and other malignant neoplasms should be
performed.
In summary, we have described a rare duodenal GIST
with an extraluminal growth mimicking a pancreatic head
tumor developed two years after the resection of early
gastric cancer.
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